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The research behind this licentiate is spread out over a decade of intensive development of 
environmental work in industry. A 1998 survey of Swedish companies with newly installed 
environmental management systems (EMS) concluded that such systems need more product-
orientation. Data collected by companies as part of the process of creating their EMS between 1996-
2001 offered further evidence that it is environmentally justified to seek improvements in the 
materials selection, use and disposal phases of products, i.e., to make the environmental 
improvement work more product-orientated. In a EU-funded project carried out between 2004-2006 
it was demonstrated that developing an environmental product declaration could be a cost-effective 
product-oriented environmental action even for smaller companies.  
This licentiate thesis relates to methods for companies to orientate their environmental work on their 
products. In particular, it examines experience and provides insights on the possibilities for 
companies, including small ones, to use life cycle assessment in product development in order to 
design products with an environmental performance well above legal compliance.  
It is difficult to give general recommendations to companies about their environmental work 
because each company has its own unique business idea, customers, work culture, stakeholders etc. 
Nevertheless, the main findings of the licentiate thesis can be summed up in the following 
recommendations for, say, a small company in Europe without much previous experience of 
environmental work: 
 Focus your environmental work on your products because you will accomplish more 

environmentally and the chance of profiting economically will motivate your personnel;  
 Consider doing a life cycle assessment, LCA, on a strategically chosen product in order to learn 
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 Do not expect to find a general market demand for green products; start a dialogue with your 
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 Engage an LCA specialist to do the LCA and work together with your personnel to interpret the 

results and generate improvement ideas;  
 If your customers demand that you install an environmental management system, ask them if 

they would not prefer to receive an environmental product declaration on the particular product 
they are interested in, and a chance to discuss how its environmental performance can be 
improved. 
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1 Introduction 
The research behind this thesis started in 1996. Environmental work in industry 
has developed tremendously since then. Today, in 2009, the issue is no longer 
whether or not companies should improve their products’ environmental 
performance as part of their environmental work, but how they should achieve 
this. This is the issue examined in this licentiate thesis. 

1.1 Background 
In the middle of the 1990’s, industry’s voluntary1 environmental work increased 
in the form of environmental management systems, environmental labelling, 
environmental product declarations etc. Recent focus on global warming has put 
further pressure on companies and individuals to act. In order to retain and 
amplify the trend of industry and individuals voluntarily acting to the benefit of 
the commons, it is important that the voluntary work is done as efficiently as 
possible, environmentally and economically. 

The evolution of industry’s environmental work has been described by several 
researchers (Ritzén 1996, Enroth 2006, Schylander 2004). The first strategy was 
to try and dilute emissions and discharges through high chimneys and sewer 
systems. This only worked to an extent so the next step was to capture emissions 
and discharges with so-called end-of-pipe pollution controls. Filters at the end of 
the pipe made it apparent just how much resources were lost through the pipes, 
because what was captured still needed to be disposed of, which led to the concept 
of source reduction or cleaner production. Around that time, in the 1990’s, 
standards for environmental management systems began to emerge (EMAS, 1993 
and ISO 14001, 1996). Also life cycle thinking and life cycle assessments 
developed during the 1990’s in order to focus environmental improvement work 
in the areas with dominating impacts. The concept of sustainable development 
developed by the Brundlandt Committee  (Our common future, 1988) urges us not 
to endanger the needs of future generations while satisfying our own needs. This 
probably helps companies to justify taking moral responsibility for the entire 
product life cycle even though no legal requirements apply. To an extent all 
approaches, from dilution to life cycle accountability, are still applied today. 

1.2 Research 
The research behind this licentiate is spread out over a decade of intensive 
development of environmental work in industry. In a 1998 survey of Swedish 
companies with newly installed environmental management systems, it was 
concluded that environmental management systems (EMS) need more product-
orientation. Data collected by companies when creating their EMS between 1996-
2001 offered further evidence that it is environmentally justified to seek 
                                                 
1 With “voluntary work” is here meant work that is not driven by legal requirements 
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improvements in the materials selection, use and disposal phases of products, i.e., 
to make the environmental improvement work more product-orientated. A EU-
funded project carried out between 2004 and 2006 demonstrated that doing an 
environmental product declaration could be a cost-effective product-oriented 
action even in the case of smaller companies’ environmental work.  

This licentiate thesis examines how companies can orientate their environmental 
work on their products. In particular it shares experience and provide insights on 
the possibilities for companies, including small ones, to use life cycle assessment 
for redirecting their environmental work. Legal requirements as a driver for 
product-orientation are not dealt with in this thesis as these are considered a 
minimum requirement. The scope of the thesis is design of products whose 
environmental performance goes well beyond legal compliance. 

Life cycle assessment, LCA, is to an extent already considered the ultimate 
environmental assessment tool. Numerous policy papers and political initiatives 
advocate and even prescribe the use of life cycle assessment. This is the case for 
the Integrated Product Policy (2003), the Directive for energy-using products 
(2005) and the proposed Action plans on sustainable consumption and production 
and sustainable industrial policy (2007). The problem is that the amount of work 
and competence needed to do a LCA prevents its widespread use in companies 
(Frankl et al 2007, Solér 2001). This licentiate thesis sets out to explore whether 
the benefits of using LCA in companies, in terms of achieving a more product 
orientated and thereby more efficient environmental work, outweighs the costs in 
terms of work and competence. 

There are certain documented examples of industrial companies using LCA in the 
context of product development. Frankl et al (2005) describe the introduction and 
uptake of LCA in mainly larger companies. Ritzén (1995) did some pioneering 
work investigating the use of LCA in three Swedish medium to large sized 
companies. However, there is very little discussion in academic literature relating 
to smaller companies’ use of LCA. Berkel et al (1999) sees a lack of information 
and LCA-tools to support product-orientated environmental management systems. 
Le Pochat et al (2005) concludes that the ecodesign tools available are tools for 
experts. Apart from some published environmental product declarations (EPD) by 
small companies (www.environdec.com, 2008), the research behind this licentiate 
thesis has not found any documented examples of LCA use in SMEs. This 
licentiate thesis, with its supporting papers, aims to spread some more light on the 
possibilities for companies, including small ones, to use LCA for product-
orientation of their environmental work. 

1.3 Research questions 
A fundamental assumption throughout this licentiate thesis is that it is possible to 
achieve a better result, environmentally and economically, through adopting a life 
cycle perspective on the company’s products and activities. Research questions in 
respective study and their linkage to the main issues of the thesis are described 
below, followed by a definition of the specific research questions of this thesis. 
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Every company attempting to build an environmental management system 
according to ISO 14001 (2004) is faced with the challenge of identifying its 
environmental aspects and evaluating which of these are significant. Very little 
guidance on how to do this is given in ISO 14001 and many companies, especially 
small ones lacking their own environmental expertise, have found this 
requirement difficult to comply with. This is why the question of how to find a 
company’s significant environmental aspects is fundamental to the two first 
papers on environmental management systems, EMS. 

The main question in paper 1 was whether EMS is worthwhile environmentally 
and economically. The central research questions were: What actual 
environmental improvements have the environmental management systems 
achieved? What are the costs of the work involved with environmental 
management systems? Does the introduction of an EMS lead to reduction of cost 
and/or increased revenue and does it pay for the investment and the operation of 
the EMS? The questions about environmental and economical gains from EMS 
are further explored in this licentiate thesis, because of their connection to the 
questions of how to carry out EMS-work as efficiently as possible. 

Doing the research behind paper 1 generated the question in which life cycle 
phase most products gave most environmental impact, i.e., was product-
orientation of environmental management work environmentally justifiable in 
general? At the time it was not possible to find any meta-studies of life cycle 
assessments that could possibly address this question. Paper 2, written in 2001, 
provided some data on which life cycle phase most products give most 
environmental impact. Since then, several studies show that consumption, i.e. the 
use phase of products, is generally very significant. The EIPRO study (2006), for 
example, concluded that the three areas having the greatest environmental impact 
are: food, private transport and housing. Together these areas are responsible for 
70 – 80% of the environmental impact of consumption, and account for some 60% 
of consumption expenditure. Since the EIPRO study indirectly includes the 
environmental impacts from business to business consumption, the three product 
areas should account for about the same percentage of the total environmental 
impact in society. 

One research question which has emerged from the practical work is what is the 
differences or similarities of the data used in LCA and in EMS. It is obvious that 
both the EMS and the LCA are built of the same fundamental data on how much 
energy, raw materials, transports etc are used to produce goods or provide 
services. How data should be documented and processed so that it can be used 
both in product LCA and reporting/follow-up of an EMS in a practical and cost-
effective way is an interesting question. This, however, will only briefly be 
discussed in this licentiate thesis. 

The third paper is about environmental product declarations, EPDs. The link from 
paper 1 and 2 to paper 3 is the product-orientation, as EPDs concern the products. 
Assuming EPDs are good for business and for the environment so far as 
companies using them will improve their products which in turn will replace less 
environmentally friendly ones, paper 3 explores the following research questions: 
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 Can EPDs, or rather the underlying life cycle assessment, be used as a basis to 
identify ways to improve products environmentally? 

 Can EPDs be used to communicate products’ environmental profiles and 
ecodesign opportunities with potential customers and thereby create a demand 
for such products? 

 Will the customers’ demands and the identified improvement options bring 
about actual improvements in a product’s eco-efficiency? 

 How can SMEs make and utilize EPDs based on life cycle assessment? 

The thesis will focus on the link or common denominator of the three papers, i.e. , 
the product-orientation of environmental work. The research questions of special 
importance for the thesis are therefore: 

 Which is the most cost-effective way to achieve product-orientation of 
environmental work?  

 What are the barriers and incentives to a product-orientation of environmental 
work? 

The basic assumption is that there is, in general, too little product-orientation of 
environmental work and that more of it would give better results from an 
environmental improvement point of view as well as from an economic one. 
Special consideration is given to smaller companies and their limited financial and 
personnel resources.  
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2 Frame of reference 

2.1 Definition of product-orientation 
In this thesis, product-orientation of environmental work should be understood as 
a process to accomplish more and better ecodesign, while sharing the ecodesign 
goal of minimizing the environmental impact of products. 

With “products” are not only meant physical products but also services such as  
for example baby-sitting, cleaning or research. This is a usual definition of 
product in standards (ISO 9000, ISO 14001).  

Concepts of product-oriented environmental policies and EMSs have been used in 
the Netherlands by Berkel et al (1999) and Rocha et al (1999), but without 
defining them. However, there seems to be a general understanding that product-
orientation of environmental work implies focusing the environmental assessment 
on the life cycle impacts of the company’s products and focusing environmental 
improvement work in the dominant life cycle stages. Furthermore, product-
orientation of environmental work implies assuming a moral accountability for 
environmental impacts occurring outside the production facility itself even when 
no legal accountability exists. Since the dominant impacts often occur in either the 
material production phase or the use phase (paper 2, EIPRO), product-orientation 
of environmental work implies that supply chain communication and cooperation 
become very important. Furthermore, much more attention has to be paid to how 
products are used and discarded.  

Ecodesign is often defined as an aim in product development to reduce or 
minimize the environmental impact of a product, see for example Ölundh (2006). 
The directive on energy-using products (2005) defines ecodesign as “the 
integration of environmental aspects into product design with the aim of 
improving the environmental performance of the EuP (energy-using product) 
throughout its whole life cycle.” This is very similar to the descriptions of 
concepts of product-orientated policies and EMSs as expressed above.  

Product-orientation of environmental work as used in this licentiate thesis strives 
to describe not only the aim of improving product environmental performance but 
also how to focus environmental work more on the products, i.e. how to do (more 
and better) ecodesign. This means that product-orientation of environmental work 
is a process to accomplish more and better ecodesign, while sharing the ecodesign 
goal of minimizing the environmental impact of products. 

2.2 Subject areas 
Product-orientation of environmental work spans over the following subjects: life 
cycle assessment, environmental management systems, ecodesign and 
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environmental communication. These will all be discussed below. Life cycle 
assessment, LCA, is the central part of this thesis.  

The standards in the ISO 14000 series that are of particular relevance for this 
licentiate thesis are described under respective subject area below. Having been 
elaborated in an international negotiation process involving thousands of 
stakeholders from industry, government agencies, NGOs and academia, the 
standards represent a very solid foundation for environmental management.  

2.2.1 Life cycle assessment 

ISO 14044 Environmental management - Life cycle assessment - Requirements 
and guidelines (2006), is the cornerstone standard for how to do LCA. It contains 
the rules and guidance on how to do a life cycle assessment which has to be 
adhered to by the Stepwise EPD approach in paper 3. Below follows first a 
general description of LCA methodology, then some important methodological 
choices. 

LCA methodology 

LCA according to ISO 14044 (2006) consist of four stages: Scooping, inventory, 
environmental impact assessment and interpretation. All stages except the one for 
environmental impact assessment are considered obligatory. The stages are often 
repeated in an iterative way that gradually refines the assessment. None of the 
stages are unique to the LCA methodology. What makes LCA unique according 
to Finnveden (2000) is that all life cycle phases of the analyzed object are 
considered from raw material extraction to the product’s end-of-life. 

Own production End-of-lifeUseRaw material production Own production End-of-lifeUseRaw material production  

Figure 1 Life cycle assessment considers all life cycle phases 

The scooping stage consists of the definition of goal and scope. Defining the goal 
of the LCA requires describing the intended application, the reasons or driving 
forces behind carrying out the study, the intended audience and whether or not the 
results are intended to be used in comparative assertions for public use. Defining 
the scope involves describing the product system to be studied including the 
system boundaries, its function and the associated functional unit. Furthermore, 
allocation procedures, environmental impact categories including value choices, 
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data requirements, critical assumptions and limitations, data quality requirements, 
critical review and report format are considered during the scooping. Usually at 
least some of the issues addressed during the definition of goal and scope have to 
be revisited later on. 

The use of a functional unit underlines the relative character of LCA; it is a tool 
that aims to handle comparisons between different products performing similar, 
but rarely exactly the same, functions. For some products, it is relatively easy to 
find a representative functional unit, e.g. litre refrigerated volume for 
refrigerators. For other products it can be much more difficult. As an example, a 
personal computer performs many different functions and it is not possible to 
define a technical performance measure that could represent these functions in a 
good way. The result is that life cycle assessments of computers use one computer 
as a functional unit, which makes comparisons of anything but very similar 
computers difficult (Jönbrink and Zackrisson 2007). 

The requirements imposed by the standard on studies intended for comparative 
assertions intended for the public are quite exhaustive. They also illustrate that 
LCA is a tool that strives to handle comparisons between different products. ISO 
14044 (2006) defines a comparative assertion as an “environmental claim 
regarding the superiority or equivalence of one product versus a competing 
product that performs the same function”. The requirements on studies intended 
for public comparative assertions include, among others, use of a sufficiently 
comprehensive set of environmental impact category indicators that are 
scientifically and technically valid and internationally accepted. Weighting, i.e., 
adding up different impact environmental impacts by use of weighting factors is 
explicitly forbidden. Comparisons across impact categories are not considered 
scientifically correct. The comparison should be done category indicator by 
category indicator. This makes it more difficult distinguish one product as 
environmentally superior to another product since the winning product has to 
show least environmental impact in all used impact categories. Furthermore, in 
most cases it is questionable whether there is a sufficiently comprehensive set of 
environmental impact category indicators that are scientifically and technically 
valid and internationally accepted. For example, there is no international 
consensus on indicator(s) for toxicity. The consequence is that LCA based 
comparative assertions rarely reach the general public. 

During the life cycle inventory analysis, data relating to physical flows across the 
system boundaries is collected, validated and normalized to the reference flow of 
the functional unit. Process flow diagrams including the unit processes belonging 
to the studied product system are often used to organize the data collection and get 
an overview of the life cycle, see Figure 2. All inputs and outputs of the product 
system are compiled in what is often called an ecoprofile that could consist of 
hundreds of different emissions and resources. Due to the obvious difficulty of 
interpreting such an ecoprofile, the life cycle environmental impact assessment 
stage is, though not obligatory, almost always done.  
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Figure 2 Life cycle inventory analysis involves accounting for physical flows 
across the product’s system boundary 

Life cycle environmental impact assessment facilitates the interpretation by 
aggregating the long list of inputs and outputs. It consists of choosing 
environmental impact categories, assigning the hundreds of different emissions 
and resources of the ecoprofile to the selected impact categories and then 
calculating the category indicator results. The two last steps, called classification 
and characterization, are almost always done with dedicated computer software 
such as SimaPro (www.pre.nl, 2008) or Gabi (2009). Such LCA software also aid 
in drawing process flow diagrams, documenting all aspects of the data and 
making error estimations and sensitivity analysis.  

The life cycle interpretation involves evaluating the appropriateness of the system 
boundaries, the functional unit and the data requirements in light of the calculated 
results and the preliminary conclusions drawn. The output of the interpretation 
phase is conclusions, limitations and recommendations of the study. Testing of the 
robustness of the results is an important element of the life cycle interpretation 
and according to Baumann (2004) this can be done by a variety of tools such as, 
for example, completeness check, consistency check, uncertainty analysis, 
sensitivity analysis, variation analysis and data quality assessment. 

Methodological choices  

Being a consensus document, ISO 14044 (2006), steers around some of the more 
difficult methodological choices in LCA (Baumann 2004). One such issue is 
whether one should use retrospective2 LCA or consequential LCA. According to 
Ekvall et al (2005) retrospective or accounting LCA methodology aims at 
describing environmentally relevant physical flows to and from a life cycle and its 
subsystems. Ideally, it should include average data on each unit process within the 
life cycle. The accounting model does not include unit processes other than those 
of the life cycle investigated. In contrast, consequential LCI methodology aims at 
describing how the environmentally relevant physical flows to and from the 
technosphere will change in response to possible changes made within the life 

                                                 
2 Retrospective LCA is also called accounting LCA or attributional LCA 
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cycle. A consequential model includes unit processes that are significantly 
affected irrespective of whether they are within or outside the life cycle.  

Ekvall et al (2005) describes the major pros and cons with respective method. 
Rebitzer et al  (2005) points out that there are very few data sets available that 
supports consequential LCA, so the most practical choice today is accounting 
LCA. Tillman (2000) prescribes accounting LCA for identifying improvement 
potential and then consequential LCA for evaluating the finds. The rationale is 
mainly that accounting LCA fits better when little is known about the product and 
improvement possibilities whereas the strength of consequential LCA is to 
compare different and well-defined product concepts.  With respect to EPDs, the 
international EPD® system prescribes accounting LCA (General Programme 
instructions 2008) whereas the proposed Danish EPD-system (www.mvd.dk) 
prescribes consequential LCA. 

Rebitzer et al discusses the need for streamlined or simplified LCA, especially in 
the context of SMEs, in order to keep costs low. Streamlined LCA is used in the 
Stepwise EPD method described in paper 3. In a streamlined LCA, typically only 
data from the own manufacturing is site specific. The remaining data is generic, 
i.e. it is drawn from existing LCA databases and represent average process 
technology for a country or region. Todd et al (1999) concludes that there is no 
sharp division between regular LCA and streamlined LCA. The objective of the 
particular LCA decides the needed data coverage and system boundaries.  

Another, less discussed critical methodology choice in LCA, pertains to the 
system boundary. Zhang et al (2007) argues that the full energy-use per worker-
hour should be accounted for in LCA. Energy-use per worker-hour is 30 MJ in 
USA and 15-20 MJ in Europe and include the energy of infrastructure such as 
housing, transportation, health care etc in addition to food. Baumann (2004) notes, 
without further comment, that personnel-related environmental impact is usually 
not included in LCA. The EPD® system prescribes (General Programme 
instructions 2008) that personnel activities need not be included. However, a 
comparison between a machine-made product and a handmade product would not 
be very fair if the energy to drive the machine is included but not the energy 
needed by the worker. It should be noted that no provision exists in ISO 14044 to 
exclude accounting for personnel-related activities. All significant impacts should 
be included. Accounting for personnel-related impacts like energy-use per 
worker-hour links environmental analysis closer to economic analysis because the 
cost of labour is very important in economic analysis. There is also a close link to 
working environment issues in which the number of working hours is an 
important parameter (Zackrisson 1995). According to Zhang et al (2007), it is 
relatively easy to estimate the energy-use per worker-hour from national statistics, 
however it includes industrial transportation so there is a risk of double counting. 

2.2.2 Environmental management systems according to ISO 14001 

ISO 14001 was accepted as an international standard in 1996. Swedish companies 
and organizations have adopted this standard for environmental management at an 
impressive scale, see Figure 3. 
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Figure 3 Number of Swedish companies and organizations certified according 
to ISO 14001 or EMAS3

 

ISO 14001 is a modern management standard built on the so-called PDCA-cycle 
where PDCA stands for Plan-Do-Check-Act. It emphasizes continuous 
improvement of environmental performance. 

During the planning phase, the company’s environmental aspects are identified, 
evaluated and prioritised. Environmental goals are then established based on this 
information. Note that it is up to the company to decide how to carry out this 
assessment and thus to decide in which way to improve its environmental 
performance. A minimum requirement is to comply with environmental laws and 
regulations and to aim for some improvement of performance.  The planning 
phase, which is the focus of paper 2, is central in an environmental management 
system according to ISO 14000. 

The significant environmental aspects, the legal obligations and the environmental 
goals defined in the planning phase are then used in the subsequent Do-phase. For 
example when: allocating resources and authority to those with environment-
related roles and responsibilities; educating the staff broadly and in-depth; 
modifying operational control procedures; and creating procedures for waste, 
chemicals, purchasing, product development, transports and emergency situations. 
What is actually done varies from company to company. A popular thing to do in 
Sweden has been to demand that suppliers implement ISO 14001. In fact, the 
success of ISO 14001 in Sweden has been largely attributed to a handful of larger 
corporations who implemented ISO 14001 at an early stage and demanded ISO 
14001 from their suppliers. The suppliers in turn demanded the same from their 
suppliers thus creating a snowball effect. Several studies, Zackrisson et al (2000), 
Ammenberg (2003) and Axelsson et al (2003) find that client demand is the main 
reason for companies to implement ISO 14001. However, there is no requirement 
in ISO 14001 to demand an EMS from suppliers. Instead ISO 14001 (2004) 
requires “procedures related to the identified significant environmental aspects of 
goods and services used by the organization and communicating applicable 

                                                 
3 Source: http://miljomal.nu/Pub/Indikator.php?MmID=4&InkID=Mil-15-RUS&LocType=CC&LocID=SE, 2008-

03-19
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procedures and requirements to suppliers”, i.e. the focus is more on the supplier’s 
products and services than on the supplier’s environmental management system. 

The Check-phase consists of both regular monitoring and measurement related to 
the established goals and key operational characteristics, and periodic auditing 
that everybody performs according to established procedures and that the system 
fulfils the requirements of the standard and applicable legal and other 
requirements. In addition, there should be procedures for corrective and 
preventive actions in cases of non-conformities, to prevent them happening again.  

In ISO 14001, “act” means that management should periodically review the 
environmental management system and judge its suitability, adequacy and 
effectiveness. Both the planning and the checking phases provide information 
used in the management review.  

2.2.3 LCA and EMS 

Few authors have tackled or even touched upon the connection between LCA and 
environmental management systems, EMS. This is in a way surprising since the 
identification of significant aspects, where LCA could fit in very well, has been 
much discussed in connection with the ISO 14001 and ISO 14004 standards on 
environmental management systems. One exception is Zobel (2002) who suggests 
LCA for identifying and assessing environmental aspects in an EMS context and 
applies it in a large paper mill.  

In Zackrisson et al, (1998, 2004) a prescriptive step-by-step method to do a 
company eco-balance was elaborated in the form of a manual containing a report 
template. The manual was developed as a result of giving assistance to companies 
to introduce an EMS according to ISO 14001. Paper 2 describes results from 
smaller companies using this manual that in essence prescribes a (streamline) life 
cycle inventory at company level. A “company ecobalance” is a report of all the 
inputs (raw materials, components, transports, energy etc) and outputs (emissions, 
waste and products) of a company in the course of, normally, one year. A product 
life cycle inventory on the other hand reports inputs and outputs in relation to a 
product specific functional unit, for example, one year of telephone use. 
Fundamentally it is the same data, but either in relation to a company year or to a 
product specific functional unit. The functional unit of a company ecobalance is 
thus one company year. The method used by Zackrisson et al (1998, 2004) was 
not labelled as LCA by the authors, partly because it was feared that such a label 
would scare away many industries. Another reason for not using the LCA-label 
was to steer away from some of the requirements in the ISO 14044 standard 
(2006). 

Braunschweig and Müller-Wenk (1993) describes the concept of a company 
ecobalance in a book published before the existence of ISO 14001. As described 
above the method to compile a company ecobalance, is very similar to a 
streamline life cycle assessment at company level, but the authors did not 
emphasize the connection. 
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While the life cycle inventory is well defined in the LCA-standard ISO 14044 
(2006), the company ecobalance or equivalent is not mentioned at all in the 
requirements for an EMS stated in ISO 14001. It is only brought up in the non-
binding Annex A of ISO 14001 (2004) that considerations when identifying 
environmental aspects could include emissions and use of energy and raw 
materials. Since all environmental impact somehow stem from the use of energy 
and resources, it is surprising that ISO 14001 suggests it as optional to include 
energy and resources when identifying environmental aspects. Furthermore, 
Annex A explicitly states, “The identification of environmental aspects does not 
require a detailed life-cycle assessment”. This lack of guidance will be discussed 
in more detail further on. 

Finkbeiner et al, (1998) assume that both tools (EMS and LCA) are based on an 
input/output analysis of physical flows of materials and energy and proceed to 
analyse the differences between an EMS and an LCA, such as system boundaries, 
aggregation of data, reference unit, reference system etc. They suggest a 
combination of both tools as the best solution for many companies. 

Other researchers that connects LCA and EMS are Berkel et al (1999). His team 
identifies a lack of LCA-data and LCA-tools to support Product-orientated 
Environmental Management Systems (POEMS). They attempt to establish sector-
specific databases/tools. 

2.2.4 LCA and environmental communication 

As described earlier, LCA strives to handle comparisons between competing 
products. Thus environmental information about products, i.e. marketing claims 
based on LCA is an area that has received considerable attention. A number of 
standards aiming at providing a level playing field for LCA-based marketing 
claims are now in place, for example, the ISO 14020 series of standards described 
below. 

Frankl et al, (2005) found that marketing aspirations was a main driver for 
companies to start LCA activities. However, it was also found that that companies 
experienced that LCA, in its present form was not suitable for marketing claims. 
Instead the results of LCA can be of better use as a knowledge platform for 
communication with stakeholders on how to value and improve a product’s 
environmental merits (Frankl et al, 2005).  

In the context of environmental marketing claims, the ISO 14020-series of 
standards is relevant. There is a distinction between type 1 consumer labelling, 
type 2 self-declarations and type 3 declarations according to programs. ISO 14020 
(2000) gives the general principles for all types of environmental labelling and 
declaration of products. Common to all of them is that they “shall take into 
consideration all relevant aspects of the life cycle of the product” (ISO 14020, 
2000). 

The EU Flower is an example of type 1 labelling directed towards consumers. 
Products that comply with the criteria of the EU Flower may, at a price, put the 
well-known EU Flower on the product. Product criteria are established by the EU 
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Flower organization in cooperation with interest groups and are revised and 
tightened periodically in order to improve environmental performance. ISO 14024 
(1999) describes principles and procedures for type 1 environmental labelling. 
Since a certain volume of products is needed to pay the fees that pay for 
developing the criteria, it is not possible to label all product groups. 

Type 2 self-declarations can take on many different forms. Often they are quite 
similar to type 3 declarations since these have a more standardized form. As the 
name conveys, type 2 declarations are developed and issued by individual 
companies and they are not supported by any programs or official bodies like type 
1 and 3 declarations. ISO 14021 (1999) gives guidance on how to develop type 2 
declarations, for example by explaining how to use specific terms in a correct way 
when communicating products’ environmental performance. 

Type 3 environmental declarations as described in ISO 14025 (2006) present 
quantified environmental life cycle product information to enable comparisons 
between products fulfilling the same function. Such declarations are based on 
independently verified LCA data and are subject to the administration of a 
program operator. Type 3 environmental declarations as described in ISO 14025 
are primarily intended for use in business-to-business communication, but their 
use in business to consumer communication is not precluded. 

In the future, sector-specific schemes for type 3 declarations are expected. Such 
schemes are being promoted by the European Commission as expressed by the 
IPP Working Group on Product Information (2006). ISO 21930 (2007) is the first 
sector-specific standard for type 3 declarations.  It describes the principles and 
framework for the environmental declaration of building products, including 
consideration of the building products’ expected service life, seen over a 
building’s entire life cycle. The standard is expected to form the basis for 
programs leading to the environmental declaration of building products as 
described in ISO 14025.  

A type 3 environmental product declaration, EPD, is an instrument to 
communicate LCA-based information about products in a form that makes 
comparisons possible. The research available on EPDs largely confirm the 
findings of Frankl et al (2005) that LCA is a poor marketing instrument, at least in 
its present form. Leire (2004) reviews product related environmental 
communication and confirms that there is no demand for EPDs. Soler et al (2001) 
suggest a number of improvements of EPDs from a user perspective. Jönsson 
(2000) is sceptical to the future of EPD based on the experiences of five 
companies that were among the first to make EPDs. 

The difficulty for anybody but experts to understand the LCA information in an 
EPD is pointed out in paper 3. Christiansen et al (2006) argue for EPDs based on 
consequential LCA and for comparing the environmental profile of the product 
with that of an average product of the same kind. Nissinen et al (2007) propose 
benchmarks for consumer-oriented life cycle assessment-based environmental 
information on products based on normalization with national figures and even 
weighting across impact categories. But as pointed out in section 2.2.1, 
comparison or weighting across impact categories is not allowed by ISO 14044 
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(2006) in the case of comparative assertions intended for public use. Steen et al 
(2007) proposes three interpretation keys that recalculates the EPD results to 
numbers that are easier to understand for non-experts. 

Paper 3 discusses the possibility of the preparatory work needed for a type 1 label, 
being done in the form of a preliminary type 3 declaration. Possible synergisms 
between type 1 labelling and type 3 declarations have also been pointed at by 
Frankl et al (2005 and 2000). 

Scientific articles related to environmental communication in general, often 
concerns how to green consumers, i.e. how to make consumers consider 
environmental aspects in their purchasing decisions, see for example Leire (2004) 
and Rex (2007). Rex (2007) suggests that green marketing should learn from 
conventional marketing and actively engage in market creation.  

2.2.5 LCA and ecodesign 

Ecodesign is often defined as an aim in product development to reduce or 
minimize environmental impact of a product, see for example Ölundh (2006). A 
life cycle perspective is taken for granted or expressed in the definitions, implying 
that life cycle assessment is needed to focus ecodesign measures to the dominant 
life cycle stages. Surprisingly, there are very few available articles that describe 
the use of LCA when carrying out ecodesign. On the other hand, there are an 
abundance of checklists describing environmental improvement opportunities 
applicable for the whole product life cycle, but without advocating analysis of 
where (in the life cycle) the main impact occurs. 

Simon et al (2000) do connect ecodesign with LCA with their proposed four-stage 
ARPI framework for ecodesign: 1) Analyse with LCA; 2) Report LCA and 
collect feedback; 3) Prioritize; 4) Improve design with relevant tools. The 
framework applies to both operational and strategic levels. Nielsen et al (2002) 
and Schmidt et al (2001) have also found strong links between LCA and 
ecodesign and Lindahl (2005) even explores LCA from a designer’s perspective.  

The above ARPI framework for ecodesign (Simon et al 2000) resembles the 
Stepwise EPD approach as described in paper 3. The Stepwise EPD is based on 
LCA, publishing the declaration probably takes reporting of the LCA further than 
envisaged by Simon et al and prioritisation is done in the idea workshops, optional 
in the Stepwise EPD concept. The improvement, which is done within the normal 
design process of the company still has to be done. Thus, one way to accomplish 
ecodesign the ARPI way is to carry out an EPD (which includes LCA and 
reporting) as well as an idea generation workshop and then feed the results into 
the normal design process. 

Several researchers, such as Ritzén (1996) have perceived that the lack of 
information about a new design is a major barrier to the use of LCA in ecodesign. 
As LCA is based on quantitative data, it is difficult to do a meaningful LCA at 
early stages of design when there is still very few data. Nielsen et al (2002) mean 
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that this barrier can be overcome by subjecting the product to more and more 
detailed LCAs all through its product development cycle. 

Ecodesign on its own, without LCA, is a more common topic in scientific papers. 
Van Hemel (2002) concluded that the success factor of ecodesign is market 
acceptance, whether real or perceived, of environmentally improved products.  

In recent years some important European level ecodesign initiatives have begun. 
Both the EPIC-ICT (2006) project (Environmental Performance IndiCators for 
Information and Communication Technology Products) and the directive for 
energy-using products (2005), target product groups with considerable market 
size. LCAs are commissioned by the authorities, which use the knowledge to 
implement obligatory ecodesign measures to a whole product group. In the 
directive for energy-using products, economic analysis is also used to ensure that 
the life cycle cost to the consumer is unaffected.   
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3 Research methods 
In this section the research methods and the project designs employed in the 
studies behind the three papers will be described and to an extent discussed. 
Surveys and semi-structured interviews are used in connection with paper 1 and 3. 
In addition, paper 3 uses what could be described as action research in case study 
form. Paper 2 is based on data collection by way of a manual/questionnaire, i.e. a 
sort of survey. 

3.1 Validity 
External validity describes to what degree the findings of the study are valid in 
general (Trochim, 2006). Since this licentiate thesis is concerned with 
environmental work in companies, external validity will be discussed in terms of 
company size, sector/activity, geographical location and maturity of 
environmental work. Construct validity is related to the degree of generalization 
in the sense that everyone must uniformly understand the concepts or terms that 
are the subjects of generalization (Trochim, 2006). EMS, EPD and LCA are 
relatively well defined concepts, while product-orientation of environmental work 
is a very broad term with different interpretations in different contexts. 

Internal validity is the approximate truth about inferences regarding cause-effect 
or causal relationships (Trochim, 2006). Thus, internal validity is only relevant in 
studies that try to establish a causal relationship. It is not relevant in most 
observational or descriptive studies, for instance. The key question in internal 
validity is whether observed changes can be attributed to the examined 
intervention (i.e. the cause) and not to other possible causes (Trochim, 2006). 
Since this licentiate thesis is concerned with how to focus environmental work 
more on the products, i.e. how to do (more and better) ecodesign, whether or not it 
was the tested inferences that actually caused the examined effects is a very 
important issue. 

3.2 Paper 1 method and project design 
The research behind paper 1 involved two form of surveys applied to the same 
survey group. The survey group consisted of all the Swedish companies that had 
certified environmental management systems according to ISO 14001 or EMAS 
in November 1998; all in all 360 companies. A questionnaire was sent to all of 
them. In addition, semi-structured interviews (Kvale, 1997) were carried out with 
19 companies randomly selected from the same survey group.  

The survey project was a collaborative effort between five Swedish research 
institutes involving their specialists in environmental management systems. The 
questionnaire survey and the face-to-face interviews were carried out in parallel, 
i.e. during the same time period and largely covered the same issues. All project 
partners participated in the design of the questionnaire and the structuring of the 
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interviews. Questionnaires and semi-structured interviews (as opposed to more 
open in-depth interviews) reflect the researchers ideas about what are the most 
important issues to ask about. An alternative approach starting with in-depth 
interviews based on, for example, grounded theory (Gustavsson 1998) and then 
followed by a questionnaire survey could have given more unexpected results. 
The experience and the broad representation of the researches, all of which had 
assisted industry in implementing environmental management systems, 
guaranteed to a certain extent, the relevance of the study.  

For the random sample of interview objects a representative distribution was 
sought between the main groups industry and service/trade, and in those groups 
between small sized (<100 employees) and large (>100 employees) companies. 
The actual distribution between the four groups resulted in that the service/trade 
group could not be subdivided in small and large corporations, so results were 
presented for only three groups: industry large, industry small and service/trade. It 
should be pointed out that one of the originally 20 randomly selected companies 
declined to be interviewed. 

The face-to-face interviews were carried out with the aid of pre-prepared  
questions. The interviewee targeted was typically the environmental manager or 
environmental coordinator, i.e., the company representative with most knowledge 
about the environmental management system. He or she was also the person most 
likely to answer the questionnaire. The results of each interview were documented 
in consultation with the interviewee to ensure that the interviewer correctly 
interpreted their answers. Due to the level of detail of the interviews it was not 
considered useful to interview other staff in the companies. 

To analyze the results of the interviews, some results were converted to 
parameters. Correlations between two continuous parameters were tested by 
regression analysis. Comparisons between groups (industry large, industry small 
or service/trade) of continuous parameters were done using dual t-test for different 
variances. The statistical methods used presupposed that the data was normally 
distributed for the whole group to which the survey applied to, i.e. the 360 
certified companies. This was not certain, but it seems more likely that data 
should be normally distributed than not. 

Triangulation, or the combination of methodologies in the study of the same 
phenomenon (Jick 1979), can be used to test to what extent results are valid in 
general. The whole idea in doing a survey of certified companies was to be able to 
draw conclusions about the whole group, i.e. all certified companies. By using 
both questionnaires and semi-structured interviews, the external validity of the 
obtained results could be tested against each other. To an extent, the interviews 
also gave qualitative case descriptions of some questionnaire issues, for example, 
market improvements.  

The questionnaire response rate was 49%. No dropout analysis was made. Instead 
the results of the questionnaire were compared with the results of the interviews 
as described above. This was achieved through a process of co-authorship of the 
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research report (Zackrisson et al 2000) that included further discussion and 
reflection of the data. 

3.3 Paper 2 method 
Paper 2 compares data from environmental reviews in 11 companies. The 
companies were manufacturing products in steel, polymers and textile ranging 
from car air filters to production equipment. Inorganic surface treatment was also 
represented. The companies had between 36 and 110 employees. The data sets 
were chosen because of their acceptable quality. It would have been interesting to 
have more acceptable data sets, for example, representing both smaller and larger 
companies. 

The 11 companies collected the data with the help of a manual containing a report 
template. The manual, first published in 1998, has since then been revised and 
updated twice (Zackrisson et al 1998, 2000, 2003) as well as translated into 
English and adapted for European use (Zackrisson et al 2002, 2004). The Swedish 
version has been sold to more than 1000 businesses. 

The description of method with respect to paper 2 is divided in a description of 
the methods proposed in the manual, “Manual methods”, and in a description of 
the methods employed by the author for producing Paper 2, “Author methods”. 

3.3.1 Manual methods 

In section 2.2.3, the method proposed in the manual (Zackrisson et al 1998, 2000, 
2003) was described as a prescriptive step-by-step method to do a company eco-
balance that in essence is a streamlined life cycle inventory at company level. 
Each data set represents input and outputs in a company during a specified period, 
normally one year. It is recommended to use the previous year because of 
availability of data. The manual proposes grouping of aspects based largely on 
activities but also on mode of collection. The guiding principle advocated in the 
manual is that every aspect should have an obvious owner within the company.  

It should be noted that the facility gate is not used as a system boundary for the 
company studies. Instead a procedure much more similar to streamlined LCA is 
carried out; the input/output data is used as a basis to calculate upstream 
emissions and environmental loads with the use of generic “cradle-to-gate” data 
for materials and energy carriers given in the manual. The results are weighted 
into a one-dimensional figure. Such weighting is scientifically questionable and 
therefore explicitly forbidden for some LCA applications as mentioned above. 

3.3.2 Author methods 

To an extent the Manual described above could be viewed upon as a 
questionnaire. The input/output data collected by the companies, by use of the 
questionnaire/manual, was checked for accuracy by comparing, for example,  
inputs with outputs and normalized data to the same normalized data from other 
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companies. Questionable data was investigated by contacts with the company. 
The checking procedure ensured some degree of uniformity of data.   

Via use of generic “cradle-to-gate” data for materials and energy carriers given in 
the Manual, the input/output data was converted to Environmental Load Units by 
use of the EPS weighting method (Steen 1996). In order to validate the application 
of weighting methods, a more recent version of the EPS-system (Steen 1999) and 
another weighting method Eco-indicator 99 (Goedkoop, 2000) were used. It was 
shown that the ranking of aspects was the same regardless of method, giving some 
justification to using the scientifically questionable weighting for evaluating the 
significance of environmental aspects in the context of an EMS. In retrospect, 
more weighting methods could have been included in order to increase the 
strength of the validation. 

The observations were largely made by studying the ranking order of the 
environmental aspects. The main observation that the largest impacts normally 
occur in the use and/or disposal phase of products is confirmed by numerous 
product LCAs. 

3.4 Paper 3 method and project design 
The research methods employed in relation to paper 3 could best be described as 
action research (Westlander 1999, Kasanen 1993) in case study form (Yin 2003). 
For each case at least one Stepwise EPD was developed entailing scoping, data 
collection, LCA calculations, interpretation of LCA, drafting of EPD and 
verifying the EPD. The EPD development itself involved numerous meetings and 
reviews of data and drafts. These actions were carried out by experts in LCA, 
working in the involved research organizations, in cooperation with the SMEs´ 
experts in production, sales, design etc. The verification of the Stepwise EPD at 
the end of the EPD development process can be seen as a form of validation. 

The main motivation for the SMEs to participate in the Stepwise EPD project was 
an anticipation of a demand for EPDs from their customers and clients and a 
willingness to test new approaches and methods in environmental work. 
Willingness to spend time and effort to develop and make use of the EPDs was 
the main criterion for selection of the case study companies. 

After finalizing the EPDs, a series of workshops and meetings were carried out 
aiming at using the Stepwise EPDs in marketing and as a basis for ecodesign. 
Surveys among potential users were also carried out. Draft records of all 
workshops and meetings were sent around to the participants for internal 
validation. National conferences were also carried out to discuss and disseminate 
the results. 

In parallel to the development and utilization of the Stepwise EPDs, the Stepwise 
EPD concept or method was defined. The research method employed was to 
discuss among experts the experiences from practical work with the EPDs and 
draft guidelines (Stepwise EPD guideline, 2006) within the framework of relevant 
standards and norms such as ISO 14025 (2006) and ISO 14044 (2006). 
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Throughout the project, experiences were discussed between SMEs, research 
organizations and other partners at several meetings at both company, national 
and project level. Draft minutes of all meetings were sent around to the 
participants for confirmation. The concept discussions also extended to experts 
and forum outside the project. 

At the end of this two-year project, each SME was interviewed by their research 
partner in order to evaluate the results, i.e. the impacts of the Stepwise EPD-work 
on design, market communication and sales. The same semi-structured evaluation 
questions were used in Sweden, Portugal and Latvia. In Denmark a more open 
and less structured approach was used. The impact of doing the Stepwise EPDs 
was documented in Impact reports (IVF 2006, INETI 2006, IVL 2006 and 2.0 
2006). These impact reports, together with the Stepwise EPDs and all the 
discussions from the held meetings are the basis for paper 3.  
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4 Summaries of papers 
This section summarizes the three papers included in the licentiate thesis. Paper 1 
concludes that environmental management systems need more product-orientation 
and improving the identification and evaluation of environmental aspects is a key 
to achieving this product-orientation. Paper 2 offers further evidence that it is 
environmentally justified to seek improvements in the materials selection, use and 
disposal phases of products, i.e., to make the environmental improvement work 
more product-orientated and less manufacturing-orientated. Paper 3 demonstrates 
that doing an environmental product declaration can be a cost-effective product-
oriented action in a company’s environmental work. Furthermore, it explores 
barriers and incentives to EPD-based product-orientation of environmental work 
in companies. 

4.1 Paper 1: Environmental management 
systems – Paper tiger or powerful tool 

Authors: Maria Enroth and Mats Zackrisson. Published in Conference 
Proceedings of the 2000 Eco-Management and Auditing Conference. June 2000. 
University of Manchester. UK. ERP Environment. UK. Pp. 81-92. The paper 
presents some of the results of a project in which Mats Zackrisson was the project 
leader. Mats Zackrisson carried out the research in the project together with Maria 
Enroth and Angelica Widing. Maria Enroth wrote and presented the paper. Mats 
Zackrisson assisted her in writing the paper. 

4.1.1 Purpose 

The purpose of the study was to compile and disseminate experience from 
environmental management systems, EMS, in order to improve the environmental 
work both from an environmental and economic point of view. 

4.1.2 Method 

The study was based on the 360 Swedish companies that had certified 
environmental management systems in accordance with ISO 14001 or EMAS in 
November 1998. The work included a questionnaire sent to all the certified 
companies and face-to-face interviews with 19 of them. For more details, see 
section 3.2. 

4.1.3 Summary results 

The response rate to the questionnaire was 49%. Among other, answers to the 
questionnaire revealed some frustration towards the fact that the EMS had not led 
to more environmental improvements, but that the companies’ market positions 
had been strengthened. Thirty percent of the companies even claimed increased 
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revenues as a result of the EMS. When interpreting these results today, one should 
remember that these were the first companies to use the ISO 14001 standard. 
Since the standard was released in spring 1996, the maximum experience at the 
time of the survey was 2.5 years. 

Both the questionnaire and the interviews focused on the identification and 
evaluation of environmental aspects. Answers to the questionnaire revealed that 
most companies did not work at all with aspects related to the use and/or disposal 
of their products, thus disregarding aspects that most likely were environmentally 
significant. Half of the companies interviewed admitted to have missed 
identifying some very important aspects within the scope of their EMS (both 
environmentally and economically important). 

4.1.4 Contribution to thesis 

One of the main conclusions of the study was that EMS could be made more 
efficient by focusing the improvement work more on the use and disposal phase 
of manufactured products. The product rather than the production should be put in 
focus. Many companies which had found identification and evaluation of 
environmental aspects difficult supported this conclusion, and also expressed their 
wish for further guidance on this issue. Improving the identification and 
evaluation of environmental aspects was proposed as a key to achieving more 
product focus of environmental work. 

The study also gave some information on the cost of implementing and 
maintaining an environmental management system, which is discussed in this 
licentiate thesis in relation to the cost of doing an EPD. Finally, the study made an 
attempt to measure the effectiveness of environmental work. 

4.2 Paper 2: Environmental aspects when 
manufacturing products mainly out of 
metals and/or polymers 

Author: Mats Zackrisson. Published in Journal of Cleaner Production. Volume 13, 
Issue 1, January 2005, Pages 43-49. Mats Zackrisson carried out the research in 
collaboration with Gunnar Bengtsson and Camilla Norberg at IVF. Mats 
Zackrisson wrote the paper with the aid of comments and suggestions from 
Richard Berglund at IVF. 

Purpose 

The purpose of the paper was to offer further evidence that a product use phase 
focus in EMS is justified, at least environmentally, and to demonstrate a method 
for identifying and evaluating environmental aspects that is able to capture and 
highlight aspects associated with the product use phase. 
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4.2.1 Method 

The paper compares data from environmental reviews in 11 companies. The data 
was collected in a uniform way by use of a manual with a report template. Each 
data set represents input and outputs in a company during one year. Three 
weighting methods were used to weight and compare the data. For more details, 
see section 3.3.  

4.2.2 Summary results 

It was shown that the most significant environmental aspect for all eleven 
companies was found either in the use phase of the manufactured product (5 
companies) or in the material production phase (6 companies). Environmental 
aspects associated with in-house energy, personnel travels and goods transports 
were found to be in the same order of magnitude. Environmental impacts from 
site emissions, i.e. the only direct environmental aspects were found to be the least 
significant in all companies. Typically, if the use phase aspects were 1000 units, 
material aspects were around 100, energy, travel or transport aspects around 10 
respectively and site emission aspects 1. 

4.2.3 Contribution to thesis 

The article offers further evidence that it is environmentally justified to seek 
improvements in the use, disposal and materials selection phases of products, i.e., 
to seek improvements outside the manufacturing phase. Furthermore it indicates 
that non-process specific impacts (by convention often neglected in LCA) can be 
much larger than process specific inputs in the manufacturing sub sector. 

4.3 Paper 3: Stepwise environmental 
product declarations – ten SME case 
studies 

Authors: Mats Zackrisson, Cristina Rocha, Kim Christiansen and Anna 
Jarnehammer. Published in Journal of Cleaner Production Volume 16, Number 
17, 2008, pages 1872-1886.The research behind the paper was mainly carried out 
within the framework of the EU-project Stepwise EPD. Mats Zackrisson 
coordinated this project, which consisted of 18 partners. Mats Zackrisson 
managed three of the case studies. Mats Zackrisson drafted all the text for the 
paper, receiving comments and suggestions from the co-authors. 

4.3.1 Purpose 

The main objective of the Stepwise EPD project was to develop and test a method 
for stepwise environmental product declarations suitable for SMEs. To be suitable 
for SMEs, it was postulated that it should be possible to use the method in 
marketing and as a basis for ecodesign already at early steps and at low costs. The 
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basic assumption in the project was that EPDs are good both for business and for 
the environment. The objective of the paper was to explore that assumption. 

4.3.2 Method 

The method for Stepwise EPD was tested by ten SMEs in Denmark, Latvia, 
Portugal and Sweden. Research institutes in respective country gave assistance to 
the SMEs with the life cycle assessment and elaboration of the declaration. 
Workshops and meetings were carried out aiming at using the Stepwise EPDs in 
marketing and as a basis for ecodesign. For more details, see section 3.4.  

4.3.3 Summary results 

Following on from the main assumption of the Stepwise EPD project that EPDs 
are good both for business and for the environment, three underlying assumptions 
were put to test in the case studies.  

The assumption that producing the Stepwise EPD, or rather performing the 
underlying life cycle assessment, can be used as a basis to identify ecodesign 
options, was verified in eight out of the ten case studies. A great deal of 
improvement options were generated and some, one and a half option per product 
were also implemented within the 27-month time frame of the project. 

The assumption that the Stepwise EPD can be used to communicate a product’s 
environmental profile to potential customers thereby creating a demand for such 
improved eco-efficiency products could not be verified. All case study companies 
were disappointed by the lack of appreciation for Stepwise EPDs in normal 
marketing activities. More in-depth discussions with selected clients focusing on 
the LCA rather than the EPD had more success, but only a few of the cases study 
companies had tried this. 

Finally, the third assumption that the customer demand and the identified 
improvement options would bring about actual improvement in products´ eco-
efficiency could not be verified since no customer demand was created. Yet, 15 
environmental improvement ideas or options were implemented. It seems 
therefore that an explicit customer demand is not always necessary for 
implementing environmental improvements.  

4.3.4 Contribution to thesis 

The paper demonstrates that EPDs can be a cost-effective product-oriented action 
in a company’s environmental work. Furthermore, it explores barriers and 
incentives to EPD-based product-orientation of environmental work in companies. 
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5 General findings and discussion 
In this section, the findings of the three papers related to the focus of the thesis – 
cost-effectiveness of product-orientation and barriers and incentives to product-
orientation – will further be described and discussed. The aim is to explore how to 
achieve product-orientation of environmental work. The results will be examined 
in light of the research methods used and the internal validity of the results will be 
discussed.  

5.1 Cost-effectiveness of environmental 
work 

Cost-effectiveness of environmental work is discussed here as a function of 
economic cost, environmental improvements and economic gains from 
environmental work. The discussion is focused on EMS and EPDs since these are 
the principal subjects of paper 1, 2 and 3. It is concluded that a Stepwise EPD 
could be a suitable first step to environmental work in companies, since the 
investment cost is much lower than for an EMS. In general there is a lack of data 
concerning the cost-effectiveness of environmental work in companies. 

5.1.1 Economic cost 

The research that resulted in paper 1 generated some data on the costs of 
introducing an EMS and maintaining it. Some of the cost categories are related to 
the size of the company. Average EMS related costs for a Swedish company with 
50 employees are shown in Table 1. The data was derived from the 19 companies. 
Variations between individual companies were large. This was mainly due to the 
fact that some made use of large amounts of consultancy, others none. In the right 
column is given data from an Austrian questionnaire survey including 71 Austrian 
large and small sites applying ISO 14001 (Schylander 2004).  
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Table 1 Average costs for an environmental management system in a company 
Average EMS costs for a Swedish 

company with 50 employees 
Average EMS costs for 
Austrian companies3

Type of expense  
Collected data Converted to Euro2 Euro 

Internal implementation work  1 350 hours 45000 51068 

Consultancy expenses during 
implementation phase 

                      
SEK 115 000 12778 

                      
18383 

Certification expenses  SEK 70 000 7778 6767 
Internal work for system 
operations, per year 7001 hours 23333 

Follow-up audits, per year  SEK 38 000 4222 
240004

1Most companies also have minor annual expenses for training and consultancy in connection with running the system. Larger 
investments in connection with environmental improvement work are not included.  
2All figures are here converted to EURO using 300 SEK/hour and 9 SEK/Euro. 
3Questionnaire survey including 71 Austrian large and small sites with ISO 14001 (Schylander 2004).  
4The Austrian study gave only a summed up figure for running the system. 

For the cost in Table 1, a company gets an EMS that covers all relevant site 
operations and hopefully also some product/service environmental aspects. As can 
be seen in the last rows there is a considerable annual cost associated with just 
keeping the system up and running. It should be noted that larger costs or 
investments for environmental improvement work are not included.  

The cost data for introducing EMS in a Swedish company as shown in Table 1 
was collected from 19 randomly selected Swedish companies in face-to-face 
interviews. The interview report was sent back to each company with a request to 
check and correct the answers. Thus, it is quite certain that the costs figures given 
actually relates to implementing and running the EMS and nothing else. The 
random sample of 19 makes it very likely that the figures are representative for 
the examined group consisting of all Swedish companies holding an ISO 14001 
certificate in 1998. The close correlation of cost estimates with the Austrian study 
which was carried out several years later, in 2003, indicates that the cost figures 
are also representative for the average European company. 

The cost of making a Stepwise EPD and generate improvement options in an idea-
generation workshop, is less than 100 working hours for the company and around 
SEK 60 000 in consultancy expenses, see paper 3. At that price, the company gets 
a good platform for improving their product(s). To actually accomplish any 
improvements, the company has to utilize the platform, i.e. implement some of the 
ideas, which also has a cost. The ten case study companies in paper 3 
implemented, on average, one and a half improvement idea in the short term, but 
the cost of the implementation was not measured. However, since the ideas were 
implemented in new designs and mostly consisted of material savings, the 
implementation cost was probably balanced by material cost savings. 

The cost figures for making a Stepwise EPD were confirmed after the project was 
completed during consultancy with individual companies. The Stepwise EPD cost 
figure is an average and would be lower for a very simple product and slightly 
higher for a very complicated project. In the Stepwise EPD project a significantly 
lower cost level in Portugal was noted due to lower professional salary levels. On 
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the other hand, in Latvia, lack of national LCA expertise made the cost for a 
Stepwise EPD as high as in Sweden and Denmark.       

5.1.2 Environmental improvements 

In paper 3, improvement ideas with more than 5% potential reduction of the 
product life cycle environmental load were defined as significant. It was shown 
that doing a Stepwise EPD would on average produce 2.3 significant 
improvement ideas and lead to the implementation of 1.5 of the improvement 
ideas within one year. With the assumption that the 1.5 ideas that were 
implemented represented 5% reduction, the Stepwise EPD effort resulted in 7.5% 
reduction of environmental loads on targeted product lines. 

A comparable “improvement figure” for an EMS effort can be based on plant 
energy savings, which is a common goal in many EMS. Paper 2 suggests that 
energy use during manufacturing is in the order of 5% of product life cycle 
impacts. Experience shows that 10% reduction of manufacturing energy in one 
year is hard but possible to achieve. Ten percent reduction of 5% of product life 
cycle impacts equals 0,5% of product life cycle impacts. This should be compared 
to the figure 7.5% of product life cycle impacts in one product line calculated 
above for Stepwise EPD. In order to compare these figures, assumptions on the 
number of product lines and/or to the extent to which the 7.5% improvement 
potential is valid for other product lines have to be made. Since there is nothing to 
base such assumptions on, it can be concluded that the EPD effort seems to have 
larger environmental improvement potential than the EMS effort. This is to be 
expected since the plant gates do not restrain the EPD effort. 

Validity of measures of environmental improvements 

Is it certain that the 2.3 ideas implemented per Stepwise EPD originated from the 
Stepwise EPD effort and would they not have been implemented anyway? It was 
recognized that several ideas were not new, but the idea generation workshops 
gave them a possibility to be brought up and discussed again. So most ideas did 
not originate from Stepwise EPD effort, but they gained new momentum by being 
discussed again and the LCA helped confirm their environmental merits. There is 
no way to be certain whether the ideas would have been implemented anyway. 
However, it was observed that the LCA effort actually triggered the 
implementation. 

A cause-and-effect chain can describe the relationship between actions and their 
potential to effect the environment, see Figure 4. This chain starts with the action 
or activity (e.g. transport), which causes an interaction with the environment (e.g. 
CO2 emission), which in turn gives an impact (e.g. reflecting the sun rays back 
onto the earth), which in turn can give environmental effects like temperature 
increase followed by changes in weather patterns, desertification etc. The 
interaction with the environment is also called environmental aspect (ISO 14001, 
2004). 
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Figure 4 The environmental cause-and-effect chain 

In paper 2 and 3, life cycle impact assessment, LCIA, are used to quantify the 
environmental improvement potential from the improvement actions: in paper 2 
by weighting to a single impact score; in paper 3 by calculating five impact 
categories. The concern in both cases is the right side of the cause-and-effect 
chain, as represented in Figure 4. As discussed earlier, LCIA is far from perfect 
but there is no other quantitative measure for potential environmental impact. 
Even though weighting, i.e., comparing impacts across impact categories as done 
in paper 2 is less scientifically correct than comparing category indicator by 
category indicator as in paper 3, it was favoured because it is easier to carry out 
for a layman. It can therefore be said that from emission or aspect to 
environmental impact, see Figure 4, the best quantitative methods available are 
used with all their inherent limitations. It is still to be seen how well the 
connection between action (or activity) and emission (or aspect) is modelled, i.e. 
the left side of the cause-and-effect chain in Figure 4. 

The left side of the cause-and-effect chain in Figure 4 concerns the LCA 
modelling, i.e. the data used to represent the products in the LCA modelling 
(paper 3) or the data used to represent the whole company in paper 2. This data is 
of two kinds: site-specific data collected from companies and generic “cradle-to-
gate” data relating to processes/activities drawn from various databases. 

For paper 2, the site-specific data was collected by the companies using a template 
(Zackrisson et al 2004). The author then checked the data. For the EPDs, data 
collection was more a collaborative effort between the companies and the author, 
due to the iterative character of LCA. Much of the data was collected from 
invoices, which means it was checked both by the supplier and the receiver. Yet, 
the need to correlate company input/output data to a certain period of time 
introduced a source of error even in the case of data from invoices. Other data was 
collected by surveys and sampling, which introduced errors of varying 
magnitudes. Data regarding design specifications is an additional important source 
of information, especially for EPDs. Design specifications are not supposed to 
contain any errors, but material losses during production have to be added to 
obtain valid product material figures. 

The principal strategy to make the collected data as fair a representation of reality 
as possible is to use multiple sources for the same data and use mass balancing to 
check that the data makes sense. Typically, multiplying the design specification 
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with the annual production of units would give a much lower product material 
figure than the annual material inflow. The difference would be the production 
losses. Looking at the waste outflow can often confirm this.  

While the company eco-balance, as calculated in paper 2 and described in section 
2.2.3, models the environmental impact for the whole company during a specified 
time, the EPDs model the environmental impact for only one product or function 
of a product. Since companies often produce more than one single product, EPDs 
involve allocating, to the studied product the, right amount of activities and 
resources that are shared between several products. This adds an extra source of 
error for EPDs.  

One should note that site-specific emissions are rarely, if ever, measured. Instead 
these are calculated by multiplying the site-specific data with generic “cradle-to-
gate” data. The emissions from a boiler, for example, are typically calculated by 
multiplying the fuel consumption (collected from invoices) with generic data on 
quantities of different emissions and wastes per unit of fuel. The difference 
between the generic data and the real world data is another source of error. 

In conclusion, trying to measure environmental improvements attributable to 
environmental work involves large amounts of data with potential errors. Using 
multiple data sources is a functional strategy to minimize these errors. For some 
data there are no reliable sources at all, thus assumptions and estimations have to 
be made involving potentially very large deviations from reality. Other 
researchers have also attempted to, but found it difficult to measure environmental 
improvements attributable to environmental work. Schylander (2004) concluded 
in a meta-study of six EMS studies that “finding relevant indicators for 
environmental performance is no trivial task”. 

5.1.3 Economic gains 

From an individual company perspective, economic gains can be divided into 
cost-savings in their own production and increasing revenues by increasing sales 
volume and/or margin. 

Paper 1 explores both cost-savings of EMS and increased revenues of EMS, but 
not in absolute figures. Interview results indicate that 50% of all environmental 
targets have a payback time of less than one year, of which 25% are due to cost-
savings and 25% to increased revenues. Schylander (2004) reports average annual 
cost savings due to EMS to SEK 490 000 in Austria and average annual revenue 
increases to SEK 120 000. Both Schylander (2004) and paper 1 identify waste and 
energy as major areas for cost savings. 

Paper 2 does not attempt to measure economic gains. In the Stepwise EPD 
project, paper 3, the amount of order value attributed to having a Stepwise EPD 
was measured. Only in one case was an order confirmed as resulting from 
possessing a Stepwise EPD. However, the value of the order could not be 
established. On the whole, market and sales expectations were disappointing. 
Nevertheless, EPDs are expected to result in increased revenues at some point in 
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the future, but how much is impossible to predict in general. Paper 3 showed that 
increased revenues are not to be expected in the first year. 

Cost-savings associated with doing a stepwise EPD was not investigated as such. 
However, many improvement ideas concerning material savings were examined 
and these could equate to cost-savings. For example, Latvian SME Konto did 
invest in a new boiler resulting in considerable cost-savings. As described above 
the cost savings (from material savings) were probably balanced by the costs 
involved in implementing the ideas. In conclusion, there is need for further 
research into the possible economic gains of environmental work, whether 
product-orientated or not.  

5.1.4 Cost-effectiveness 

Cost-effectiveness can be examined by calculating a cost-effectiveness ratio with 
the monetary costs in the denominator and some relevant measure of the desired 
effects in the numerator. Table 2 below summarizes the data discussed earlier in 
the section Cost-effectiveness of environmental work. As can be seen in Table 2 
there are some data gaps. The Stepwise EPD effort is advantageous due to the low 
investment cost it offers compared to the EMS. 

Table 2 Cost-effectiveness data for EMS and Stepwise EPD 

Type Stepwise EPD EMS 

Investment (SEK) 90 0004  600 000  

Annual cost-saving (SEK 05 490 000  

Annual costs (SEK) 0 220 000 - 250 000 

Annual revenue increase (SEK) No data 120 000 

Environmental improvement (%) 0.756 % 0.57 % 

Investment cost effectiveness ratio  
(% improvement/MSEK) 

8.38 0.89

                                                 
4 60 000 SEK + 100 hours at 300 SEK/hour 
5 The cost of implementing the improvement ideas is balanced by the cost savings (from material 

savings) and thus assumed to be zero 
6 1.5 idea * 5% of life cycle environmental product load for one product line. For the sake of 

comparability with the EMS figure for the whole plant, let us assume that the company has 10 
product lines so for the whole company the 7,5% in one product line means 0,75% for the 
whole plant. 

7 10% reduction of plant energy use which is 5% of product life cycle impact gives the figure 0,5% 
reduction for all product lines.  

8 0,75/0,09 
9 0,5/0,6 
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Is comparing the costs of an EMS with the costs for a Stepwise EPD meaningful? 
Implementing an EMS is often the first major environmental effort in a company. 
But for many companies this represents a too big step. Making an EPD could be 
an alternative first step at a much lower investment cost, SEK 90 000 compared to 
SEK 600 000 for an EMS. The figures above indicate that the investment cost-
effectiveness ratio is 10 times better for the investment in a Stepwise EPD. This is 
not surprising since the company is putting less money in an area where there is a 
larger environmental impact and thus larger improvement potential. On the other 
hand, the figures suggest that the pay-back time for an EMS is less than two years. 
Due to the limited data and the data gaps, the figures in Table 2 should be 
interpreted with caution. 

5.2 Incentives to product-orientation 
This licentiate thesis rests on the assumption that companies can achieve better 
results, environmentally and economically, from their environmental work by 
making it more product-orientated. The main reasons for this are that the work 
focus on dominating impacts and that the possibilities to improve the company’s 
products and increase revenues engage the management and personnel in the 
work. 

5.2.1 Environmental improvement 

The environmental argument for product-orientation of environmental work is 
that most environmental improvement can be achieved by concentrating on the 
life cycle phases with dominating impacts. Paper 2 and numerous other 
researches, e.g. the EIPRO study (2006), have shown that a company’s own 
production rarely includes dominating environmental impacts, unless the 
company manufactures commodities such as steel, paper etc. Therefore, greater 
improvements will be achieved if environmental work becomes more product-
orientated. 

5.2.2 Expectations of increased revenues 

In a Nordic study on what makes companies carry out ecodesign, Jönbrink and 
Melin (2008) conclude that the main incentive for ecodesign is the same as for 
developing new products in general, i.e. increased sales, better profit margin and 
maintained or increased market share. The economic argument for product-
orientation of environmental work to increase product value, customer 
satisfaction, sales and/or profit margins is therefore very important. However, 
sales and market expectations have so far rarely been met. In the Nordic study that 
comprised environmental front-runners, most companies said that they could do 
more for the environment but saw little incentive to do so. Frankl et al (2000) 
concludes that the market departments initiate most LCA but that their 
expectations of being able to show their product’s superior environmental 
performance and somehow cash in on the LCA are very rarely fulfilled. 
Furthermore, more than ten Stepwise EPDs on different products did not yield any 
new orders within one year as described in paper 3. It is probably fair to conclude 
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that in 2009, lack of market demand is more of a barrier to product-orientation 
than expectations of increased revenues is an incentive to it. Some of the case 
study companies attributed strengthening of company image and improved 
cooperation with selected clients to the Stepwise EPD. This is an indication that 
there exists already today, in 2009, openings in most organizations for a dialogue 
on environmental improvement of purchased products. The trick is to find the 
right opening so that development efforts can be balanced with realistic 
expectations of increased revenues. 

5.2.3 Staff involvement 

Schmidt et al (2001) concludes that it is easier to motivate the personnel to 
undertake product oriented environmental work, because it is the product that the 
company lives off. The market departments’ interest for LCA as described by 
Frankl et al (2000) is an excellent example of this.  

The readiness to implement improvements shown by some of the case study 
companies in the Stepwise EPD project (paper 3) indicates the presence of 
company internal driving forces to implement product improvements. This is 
supported by van Hemel and Cramer (2002) who found: “contrary to prevailing 
literature in environmental management in SMEs, it is concluded that internal 
stimuli are a stronger driving force for ecodesign than external stimuli”. 

It would be expected that most of the internal stimuli is at least indirectly 
connected to the expectations of increased revenues. This is partly supported by 
Hemel and Cramer (2002) who found the most influential internal stimuli for 
ecodesign to be opportunities for innovation, expected increase of product quality 
and potential market opportunities. 

5.2.4 Legal requirements 

To the extent that applicable legal requirements exist, these are strong drivers for 
product-orientation of environmental work. The RoSH (2002) and WEEE (2002) 
directives for electronic products, emission requirements for vehicles and 
upcoming requirements related the directive on energy using products (EuP 2005) 
could be mentioned here. However, complying with the law is a minimum 
requirement to launch a product on the market, but does not give the product any 
added value. As pointed out in section 1.2, the scope of this thesis is design of 
products with environmental performance that go beyond current legal 
requirements. As LCA is used increasingly to prepare for new requirements, for 
example as used in the EuP-directive (2005), carrying out an LCA could help a 
company to prepare for future legal requirements.  

5.3 Barriers to product-orientation 
Apart from weak demand for products with improved environmental performance, 
the main barriers to product-orientation can be traced back to tradition and habit 
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and to the fact that environmental issues are very complex and there is a general 
lack of both knowledge and methods to deal with this complexity. 

5.3.1 Weak market demand for green products 

The economic argument for product-orientation of environmental work - to 
increase product value and customer satisfaction and thereby increase sales and/or 
profit margins – is only valid if there is a market demand for green products. As 
discussed in the previous section, today’s lack of market demand is probably more 
of a barrier to product-orientation than expectations of increased revenues is an 
incentive to it.  

5.3.2 Tradition and habit 

Environmental management begun in industry sectors with large environmental 
impact from their own operations, such as in paper and steel mills. It made sense 
for these types of industries to put all their efforts on what was going on inside the 
factory gates. Often neighbours to these industries and even factory workers 
suffered from the pollution generated and put pressure to install filters and 
effluent treatment systems. ISO 14001 were formulated based on the experience 
of environmental management from those early users of EMS around 1990. It was 
mainly environmental managers from industries with experience of environmental 
work, i.e. those mentioned above, who took part in the standard drafting process 
and they had little experience of working with product aspects. This is one reason 
why ISO 14001 lacks a product focus. In addition, environmental aspects 
connected to “Permits to operate”, local wastewater regulations etc have a very 
strong position in any EMS. By nature such “regulatory aspects” are site and 
production orientated, and often the very reason for having an EMS. 

5.3.3 Lack of easy-to-use and flexible assessment tools 

To carry out an LCA is not easy. Berkel (1999) found a lack of information and 
LCA-tools to support product environmental management systems. Popular 
software like SimaPro and Gabi are very powerful and have a lot of generic 
cradle-to-gate data included. However, they require specialist users who can work 
with the software and data regularly, and this kind of personnel is normally not 
available in most companies.  

Other ways of carrying out LCA are with easy-to-use software tools such as Eco-
it based on SimaPro (SimaPro 2008) or do-it-yourself handbooks like Measuring 
your Company’s Environmental Impact by Zackrisson et al (2004) or 
Ökobilanzen für Unternehmungen by Braunschweig et al (1993). Such products 
allow and promote a life cycle perspective on the assessment. However, there is 
always a trade-off between do-it-yourself functionality and flexibility. 
Furthermore, to buy an LCA do-it-yourself tool, like for example ECO-it from 
SimaPro, and using it without any previous LCA experience is probably not a 
very good idea economically nor environmentally. However, such software 
adapted to the needs of the company by an LCA expert together with company 
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personnel may be a possibility for smaller companies to do some in-house LCA 
modelling on their own in a cost-effective way.  

Using an external expert to do a screening LCA or an equivalent assessment of 
environmental aspects is probably very cost-efficient for most companies. The 
Stepwise EPD approach, as described in paper 3, includes the use of an external 
LCA specialist. To work together with an LCA expert has proven to be a good 
way for the small companies to cope with the complexity of environmental issues. 
The end result need not be a Stepwise EPD. The most important phase is the joint 
interpretation of the LCA results. This interaction between the LCA expert and 
the company expert(s) will create new knowledge and ideas. 

The increased use of streamlined LCA by LCA practitioners has resulted in LCA 
being much more affordable today. You do not allow yourself to get buried in 
data collection any longer. In turn this means that there is more time and energy 
left to interpret the results in cooperation with product experts and even the 
possibility of generating improvement options together with a cross-functional 
team of experts in design, production, sales and marketing. It must be noted that 
streamlined LCA requires just as much expert knowledge as normal LCA, since it 
involves using generic data instead of specific data and in order to do that well 
good knowledge of available generic data is needed. In the context of affordability 
it should be mentioned that LCA databases and LCA software have improved a 
great deal the last ten years. Today a license to use the Ecoinvent databases with 
4000 process data sets (Ecoinvent 2008) costs as much as did buying two 
commercial data sets in 1995. 

To an extent, top-down approaches like the directive on energy using products 
(2005) or the EPIC-ICT (2006) can replace the need for every individual company 
to make a LCA. Instead they can use the results of the LCA done in such 
approaches, see for example Zackrisson and Jönbrink (2007), which would 
typically pin point the life cycle phases to focus on and even improvement areas 
and detailed ecodesign measures. The existence of such LCAs will however be 
limited to product groups with large markets. Furthermore, the advantages of 
LCA as a vehicle for supply chain cooperation and learning about a company’s 
own product through collecting product specific data cannot be exploited by just 
studying the results of an LCA carried out by someone else. Several researches 
emphasize the learning effects of LCA, for example Ritzén (1996), Finnveden 
(2000) and Bauman (2004). Just requesting data from suppliers sends signals that 
their environmental performance is being monitored and may lead to 
improvements as such (Heiskanen 1999). For example, Vattenfall with a long 
history of making EPDs, regularly collect environmental information from their 
suppliers for updating the EPDs. They have noticed that the suppliers’ 
environmental data tend to improve from year to year even without Vattenfall 
explicitly asking for any environmental improvements (Vattenfall 2006). 

5.3.4 EPD cost scare 

When EPDs are viewed as market instruments only, doing and maintaining EPDs 
for all the products of a company is often seen as a barrier because of the time and 
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cost involved. However, there are several ways to overcome this barrier. One way 
is doing EPDs only on strategically chosen products and concentrating more on 
the general lessons learned from the LCA than on the numbers in the EPD. This 
solution applies equally well to LCA on its own. Instead of doing LCA on all 
products and maybe several times during product development as suggested by 
for example Gurkbahash et al (2003) it may be wiser to limit LCA to strategically 
chosen products and put more focus on generalizing the results into concrete 
ecodesign measures as suggested by for example Milleta et al (2007). Then the 
use of LCA specialists and powerful LCA software is less of a problem. 

The new rules of the EPD®system (2008) allow a company to verify its own 
EPDs, in order to increase the cost-effectiveness. The cost for the external 
verification of individual EPDs is thereby eliminated, but replaced by the cost of 
internal verification of EPDs and the external verification of the internal 
verification procedures. For those companies that aim to cover all products at all 
times with EPDs, this is an opportunity to increase cost-effectiveness. The 
external verification of the internal EPD verification procedure could probably be 
done as an add-on to the verification of the EMS most probably already in place 
in such ambitious companies. A complementary strategy for companies aiming to 
cover all products with EPDs is to group the products. Vattenfall covers 99,9% of 
all their electricity production by grouping them into five EPDs (Vattenfall 2006). 

5.3.5 The lack of product focus in ISO 14001 

The lack of a product focus in ISO 14001 has been pointed out by several 
researches, for example Ammenberg (2005), as a barrier to product-orientation of 
environmental work. However, the standard text does not forbid product-
orientation of environmental work. On the contrary, there are several paragraphs 
that could be interpreted as promoting product-orientation of environmental work. 
Clause 4.3.1, for example, requires “…procedure(s) to identify the environmental 
aspects of its activities, products and services within the defined scope of the 
environmental managements system that it can control and those that it can 
influence…..”. Another example of ISO 14001 promoting product-orientation of 
environmental work is the requirement in clause 4.4.6 which states that 
“…procedures related to the identified significant environmental aspects of goods 
and services used by the organization and communicating applicable procedures 
and requirements to suppliers”. Clause 4.4.6 could be interpreted as a requirement 
to demand product-orientation of suppliers’ environmental work. 

It is rather the Annex of ISO 14001 that discourages to an extent product-
orientation of environmental work with advice such as: “….considerations when 
identifying environmental aspects could include emissions and use of energy and 
raw materials” and “The identification of environmental aspects does not require a 
detailed life-cycle assessment”. 

In conclusion, ISO 14001 does not stop product-orientation of environmental 
work. Interpreted with a product focus in mind and avoiding its non-binding 
Annex that could be misleading, ISO 14001 serves as a foundation for product-
orientation of environmental work. 
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It appears that future revisions of the ISO 14001 standard will require rewriting its 
Annex. Since all environmental impact somehow stem from the use of energy and 
resources, it should not be conveyed as optional to include them when identifying 
environmental aspects. Instead it should be recommended to base the 
identification and evaluation of aspects on a streamlined LCA or company 
ecobalance, in other words, an input/output analysis of the physicals flows of 
materials and energy through the company should be carried out as described in 
paper 2 and by Finkbeiner (1998), Braunschweig (1993) and Zobel (2002, 2004).  

Such an analysis would not only promote a product-orientation of the EMS, but 
would also constitute a base upon which more detailed LCAs and/or EPDs could 
be made if desired. In this context Finkbeiner (1998) sees a difference between the 
company ecobalance, in which as much data as is readily available about company 
operations is included, and LCA, comprising only the specific processes 
concerning the product in question. Since the company ecobalance should include 
general activities such as personnel transports, marketing and design, room 
heating etc, which are often excluded in LCA data, environmental impact per 
functional unit, based on an ecobalance, can be much higher than the 
environmental impact per the same functional unit based on a traditional LCA. 
Finkbeiner (1998) favours including only the specific processes that concern the 
subject product because including general activities would mask differences 
between specific processes. This can be seen as saying one should not include the 
dominating impacts because they divert our attention from the small ones. As 
mentioned before no provision exists in ISO 14044 (2006) to exclude accounting 
for general activities. All significant impacts should be included according to ISO 
14044. 

5.3.6 Client demand for EMS 

For the individual company, client demand is often the decisive factor for 
implementing an EMS (Zackrisson et al 2000, Ammenberg 2003). It is rarely a 
strict client requirement that the supplier should have an EMS but often extra 
points are given in evaluation of contracts, a slightly higher price may be accepted 
and/or lengthy questionnaires can be avoided. The client is always right, so when 
the client asks for an EMS, many companies without further analysis launch 
costly EMS implementation projects, see section 5.1.1 on costs for EMS. 
However, many demands for ISO 14001 are not that rigid; often the client asks for 
an EMS according to ISO 14001 or equivalent in the purchasing process of a 
specific product. This leaves, in many cases, room for the supplier to actually 
satisfy such a request with, for example, an EPD and an improvement program for 
the specific product or service in question. Providing the client with the 
environmental data related to the product that the client is interested in ought to 
satisfy the clients information needs much better than the general information 
conveyed by an ISO 14001 certificate. From an ISO 14001 perspective, replying 
with an EPD when asked for an ISO 14001 certificate is a correct reply to an odd 
reading of the standard. As pointed out in section 2.2.2, the standard does not 
require companies to demand that suppliers install EMS, even though this 
interpretation of the standard is common. Instead the standard requires the 
purchasing organization to communicate to suppliers applicable procedures and 
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requirements related to the identified significant environmental aspects of the 
goods and services that they buy. 

5.3.7 Limited accountability 

The lack of a product focus in ISO 14001 can be partly blamed on the legal 
system in the USA, where any admittance of accountability can be turned against 
the company in a lawsuit. This was the main argument used by the representatives 
of the USA during the development of the ISO 14001 standard to avoid a product 
focus. It also explains why the European EMAS (2001) is more product-orientated 
than ISO 14001 (2004). 

The life cycle approach implies a form of social planner’s view on environmental 
issues, rather than minimizations of a company’s direct environmental liabilities, 
according to Heiskinen (2002). Thus, a company that is not prepared to assume 
any responsibility for the manner in which their suppliers perform, should not 
commission an LCA. Yet many companies do so for different reasons and this 
action may change their attitude towards supply chain responsibilities, and 
“contribute to a transformation of the way we view (and do) economic activities” 
(Heiskinen, 2002). 

5.3.8 Ownership of product 

Subcontractors performing work on products owned by their clients, for example 
paint shops and metal surface treatment shops, fall into a special category. For 
these companies, opportunities for product-orientation are restricted by the wishes 
of their client(s). However, as was demonstrated in paper 3, entering into an 
environmental dialogue based on LCA can strengthen the client-supplier 
relationship.  
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6 Conclusions 
This section gives the main conclusions and recommendations to companies on 
how to orientate their environmental work on their products. Life cycle 
assessment and environmental product declaration are suggested as important 
tools in designing products with improved environmental performance as well as 
in the creation of markets for such products. Finally, the generalizability of the 
conclusions is discussed and suggestions made for future research furthering 
product-orientation of environmental work.  

6.1 Main conclusions and 
recommendations 

In the 1990s, when paper 1 and 2 were written it was not evident that a product-
orientation was the correct thing to do from an environmental perspective. Today 
there is overwhelming evidence that most companies´ own production rarely 
include dominating environmental impacts. Instead, it is often when products are 
used that the dominating impacts occur, or sometimes (but less often) the 
production of raw materials has most environmental impact. From an 
environmental point of view, product-orientation of environmental work needs no 
more justification. 

The main incentive for developing environmentally improved products is the 
same as for developing new products in general, i.e. expectations of increased 
sales, better profit margin and maintained or increased market share. This means 
that it is easy to motivate the personnel to engage in product-orientation of the 
environmental work, because it is the product that provides them with their salary. 
It also means that there most be an interested buyer for the environmentally 
improved product, otherwise, market expectations will not be met and human and 
natural resources will be wasted. Experience shows that a market demand for 
environmentally superior products cannot be taken for granted. Therefore 
companies are recommended to enter into a dialogue with prospective customers 
to actively create a market for the improved products. Such a dialogue could be 
centred around an environmental product declaration based on a life cycle 
assessment. 

The results of a life cycle assessment visualize where in the life cycle the 
dominating environmental impacts occur. It thus helps to break the habitual focus 
on the own production. It is also an excellent platform for internal and external 
consideration on how to improve the product environmentally. Improvement 
efforts can then be focused on individual processes and life cycle stages with 
major environmental impacts. Engaging the customers in this process can help in 
creating the needed market for the environmentally improved product.  

Using a consultant to do a streamlined life cycle assessment on a strategically 
chosen product has been shown affordable and cost-efficient even for small 
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companies. The end result need not be an environmental product declaration. The 
most important phase is the joint interpretation of the LCA results, in which the 
interaction between the LCA expert and the company expert(s) will create new 
knowledge and ideas. Engaging a cross-functional team of experts in design, 
production, marketing and sales in a brainstorming exercise can generate further 
ideas, see 5.3.3.  

The increased use of streamlined life cycle assessment by LCA experts and the 
existence of low cost databases have made life cycle assessments much more 
affordable today then they were ten years ago. Life cycle assessment software has 
also improved and often allows programming of more user-friendly interfaces. 
For companies aspiring to do LCA modelling on their own, such software 
interfaces adapted to the needs of the company by a life cycle assessment expert 
together with company personnel, may be a cost-effective possibility, see 5.3.3.  

Doing and maintaining life cycle assessments and/or environmental product 
declarations for all the products of a company, is often seen as a barrier because of 
the time and cost involved. But since there is little market demand for life cycle 
assessments and/or environmental product declarations, most companies can 
instead choose some representative product and concentrate on generalizing the 
results into concrete ecodesign measures. Then the use of life cycle assessment 
specialists and powerful software is less of a problem. For those (few) companies 
that aim to cover all products at all times with environmental product declarations, 
EPDs, the new rules of the EPD® system that allows a company to verify its own 
EPDs could increase cost-effectiveness. A complementary strategy for companies 
aiming to cover all products with EPDs is to gather them in groups of similar 
products and only carry out one EPD for each group, see 5.3.4. 

There is nothing in ISO 14001 that stops product-orientation of environmental 
work but the standard could be more encouraging in this respect. For future 
revisions of the standard, it is recommended to rewrite the non-binding Annex. 
Since all environmental impact somehow stem from the use of energy and 
resources, it must not be conveyed as optional to include them when identifying 
environmental aspects. Instead it should be recommended to base the 
identification and evaluation of aspects on a streamlined life cycle assessment or 
equivalent. Such an analysis would not only promote a product-orientation of the 
environmental management system, EMS, but also constitute a base upon which 
more detailed life cycle assessments and/or EPDs could be made, see 5.3.5. 

The first environmental action of a company is often to install an environmental 
management system because a client company demands it. However, many 
demands for ISO 14001 are not that rigid; often the client asks for an EMS 
according to ISO 14001 or equivalent in the purchasing process of a specific 
product. This leaves, in many cases, room for the supplier to actually answer such 
a request with, for example, an EPD and an improvement program for the specific 
product or service in question, see 5.3.6. Such an action is a more suitable first 
step for environmental work in companies compared to installing an 
environmental management system, since the investment cost is much lower, see 
5.1.4. Replying with an EPD, when asked for an ISO 14001 certificate, may even 

39 

 
 



 

help to open the right door for a dialogue about how to improve the product 
environmentally and thus help create the demand for the improved product. 

The conclusions above could be summed up in the following recommendations 
for, say, a small company in Europe without much previous experience of 
environmental work: 

 Focus your environmental work on your products because you will 
accomplish more environmentally and the chance of profiting 
economically will motivate your personnel;  

 Consider doing a life cycle assessment, LCA, on a strategically chosen 
product in order to learn more about your products and how to improve 
their environmental performance; 

 Do not expect to find a general market demand for green products; start a 
dialogue with your best customers in order to create the demand;  

 Engage an LCA specialist to do the LCA and work together with your 
personnel to interpret the results and generate improvement ideas;  

 If your customers demand that you install an environmental management 
system, ask them if they would not prefer to receive an environmental 
product declaration on the particular product they are interested in, and a 
chance to discuss how its environmental performance can be improved. 

6.2 Generalizability 
To what extent the results discussed in section 5 are true for any type of company 
anywhere in the world will be discussed in this section. The “results” that will be 
discussed here are the benefits of product-orientation and if doing a Stepwise EPD 
or similar exercise could be a suitable first step for environmental work in 
companies. 

6.2.1 The benefits of product-orientation 

The general assumption is that most companies would profit from more product-
orientation of their environmental work, both environmentally and economically.  

Companies that have the dominating environmental impacts within their own 
operations and thus already focus on their product’s environmental hot-spot, are 
not really exceptions. Whether or not it is environmentally and economically 
profitable for this category of companies to do more product-orientation is outside 
the scope of this licentiate thesis.  

Subcontractors performing work on products owned by their clients, for example 
paint shops and metal surface treatment shops, may have limited possibilities to 
reap the benefits of product-orientation because they are restricted by what their 
client(s) want. However, the improvement opportunities as such are not affected 

40 

 
 



 

by the ownership of product, only the potential to implement them. Since the 
service this type of companies performs, for example surface treatment, often 
dominates their environmental impact, a service-orientation would be equivalent 
to a product-orientation. 

A company with no previous environmental experience may need to focus on 
environmental issues in their own production. This is often necessary in order to 
comply with legal requirements. But even companies with no environmental 
experience can profit from a product orientated environmental work. This was 
demonstrated in the Stepwise EPD project where there was no relationship 
between maturity of environmental work and ability to profit from product-
orientation of it.  

Service companies normally have very few environmental regulations to comply 
with. This means that product-orientation can immediately become the main 
effort. In countries without proper environmental regulations and/or enforcement, 
companies would probably first have to improve their production site 
environmental performance before focusing on product aspects.  

In conclusion, most companies in countries with a good environmental legal 
framework are likely to be able to profit from more product-orientation of 
environmental work. This is true even for service companies that have not yet 
carried out environmental work. An exception to this generalization is probably 
manufacturing companies with no previous environmental work.  

6.2.2 To start environmental work with a Stepwise EPD 

Is a Stepwise EPD, or an equivalent exercise10, a suitable first step for 
environmental work in all or most companies? As noted in section 6.2.1, 
manufacturing companies with no previous environmental work, would hardly 
benefit from product-orientation directly and thus not from a Stepwise EPD. 
However, in countries that have and enforce environmental legislation that 
compels companies to have a minimum of environmental work, a Stepwise EPD 
could be a suitable first proactive environmental step. 

The Stepwise EPD concept was developed for small companies. However, 
experience has shown that larger companies are just as interested in the cost-
efficiency of the Stepwise EPD concept. 

Possible synergisms between type 1 labelling programs and type 3 EPD programs 
were described in section 2.2.4. There is also a degree of competition between 
type 1 labelling and type 3 declarations. So for product groups with type 1 
labelling possibilities there should be less need and resources for EPDs from a 
communication perspective. However, from an analytical point of view (as a basis 
for ecodesign), there is no competition between type 1 and type 3. Type 1 does 
not give any input for innovative ecodesign (Jönbrink and Melin 2008). It is 

                                                 
10 The ARPI framework described in section 2.2.5 is a good example of what is meant by “an 

equivalent exercise”. 
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difficult to imagine sectors that could not benefit from making an EPD or 
Stepwise EPD. As mentioned above, companies that do not own their product can 
still make an EPD of the service they perform, for example surface treatment. 

Geographical limitations may exist due to lack of LCA infrastructure in the form 
of experts and relevant databases in some parts of the world. Using foreign 
consultants is an expensive solution. Furthermore, as highlighted in the Stepwise 
EPD project, a national EPD-program or at least institutions that can be 
supportive to companies wishing to enter international EPD programs is part of 
the needed infrastructure.  

In conclusion, a Stepwise EPD, or an equivalent exercise, seems to be a suitable 
first step for all sizes of companies, in all sectors of the economy, and in all 
countries that have and enforce environmental legislation that compels companies 
to have a minimum of environmental work, given that the necessary LCA 
infrastructure is available in the country.  

6.3 Future research 
The weak market demand for environmentally superior products is the toughest 
barrier to overcome. All research and development in this area is very much 
needed. Further research into supply chain cooperation in connection with life 
cycle assessment and eco-design seems very interesting in this context. 

In order to cut costs of carrying out LCAs, which are still too high for many 
companies, the link between LCA data and company eco-balance data should be 
further investigated and highlighted. 

The question of what makes companies ecoinnovate without any demand from 
clients and customers is of importance. A company’s internal driving forces for 
eco-innovation should be further explored. 

As mentioned in section 5.1, a lot of research is needed to develop ways to 
measure environmental improvements attributable to environmental work. Ideally, 
these measures should be linked to economic costs and gains, so the cost-
effectiveness of environmental work could be measured and improved. 
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