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Summary

Introduction

Forbo-Krommenie B.V. commissioned the Centre of Environmental Science (CML) to carry out an
Environmental Life Cycle Assessment (LCA) with the purpose of assessing the environmental
performance of linoleum floors, indicating possible options for improvement, and assessing the sensitivity
of the results to methodical choices. The method followed in this study is based on Guinée et al. (2000)
an update of the CML guide on LCA from Heijungs et al. (1992).

Goal and scope

The goal of this LCA study was to gain insight into:
The environmental impact of Linoleum floor coverings.
The effects of the different processes in the life cycle chain on the environmental impact of linoleum.
Identifying possible improvements,
The effects of choices in methods and data on the outcomes.

The following functional unit was used as a basis for this study:
2000 m’ linoleum (produced by Forbo-Krommenie B.V. in 1998) used in an office or public building
over a period of 20 years.

Three different functional equivalent alternative systems were considered:

. The baseline system: The production, laying, use and maintenance of 2000 m? 2.5 mm Marmoleum®
in an office or public building in the Netherlands, over a period of 20 years and its subsequent
disposal.

The Swedish system: The production, laying, use and maintenance of 2000 m? 2.0 mm Marmoleum®
in an office or public building in Sweden, over a period of 20 years and its subsequent disposal.

The Corklinoleum system: The production, laying, use and maintenance of 2000 m? 4.5 mm
Corklinoleum, in an office or public building in the Netherlands, over a period of 20 years and its
subsequent disposal.

Besides these various systems, a number of scenarios were examined with the purpose of providing a
sensitivity analysis.

Inventory and impact assessement

The inventory and impact assessment were carried out conform a nearly final draft version of Guineé et
al. (2000), an update of the LCA-guide by Heijungs et al. (1992) . This update follows the ISO standards
as closely as possible, providing an operational outline of the theoretical starting points, requirements
and guidelines given in the different ISO documents on LCA (ISO 14040, 14041, 14042 & 14043), as
known to the authors when writing this report (December 1999). Some deviations from ISO standards
have also been made mainly concerning the form of reporting.

Data gaps
No process data was available for the following processes:

The production and transport of pesticides (use and emission of pesticides is included).

The production and transport of some raw materials needed for maintenance products (additives,
thickeners, solvents) and almost all ingredients for those materials.

The production and transport of some raw materials needed for the production of materials used
during laying (adhesives and materials used to seal the seams of professionally used linoleum floors)
The production and transport of a catalyst needed in the process “esterification of tall oil “.

The production and transport of the fertiliser S needed in the process “growing linseed “ .
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The production and transport of the maintenance product used for removing the polymer dressing of
linoleum floor covering needed in the process “the use and maintenance of 1m2 linoleum for 20 years

Impact categories
The following impact categories are included in this study:
- Extraction of abiotic resources
Climate change
Depletion of the ozone layer
Human toxicity
Eco-toxicity
subcategory: aquatic eco-toxicity
subcategory: terrestrial eco-toxicity
subcategory: sediment eco-toxicity
Photo-oxidant formation
Acidification
Eutrophication
odour

Besides the impact assessment method described in Guinée et al. (2000), a few other impact
assessment methods were applied to determine the extent to which the results of the study are
influenced by the method of impact assessment used.

Flows not assigned to an impact category

In total there were 264 inputs/outputs that could not be assigned to an impact category. These are
mainly from the ETH database. A large portion of the emissions (132 emissions) are radioactive
emissions. Since radiation is not included in this study (because no consensus has yet been reached
concerning the impact assessment method to be used) it could not be included in the impact
assessment results.

Interpretation and conclusions

Main contributing processes
The processes or groups of processes that contribute largely to more than one impact category are:
The growing of linseed (emissions of NHs, N0 , pesticides).
Gas and electricity used at Forbo-Krommenie B.V.
Oil used for the production of maintenance products.
The transport of raw materials.
The incineration of linoleum.
Coal used for the production of detergents and acrylic dispersions/emulsions.

Scenarios

The following conclusions were drawn from the scenarios:

- Extra transport by freighter to the USA has less impact than was expected.
The influence of maintenance in the “use “ phase is not negligible as is often thought.
The influence of other pigments than TiO2 can be considerable. TiO2 is not representative for other
pigments. The impact of other pigments may be high even though their mass share in the product is
much lower.
Using tall oil in linoleum is better for the environment than using only linseed oil.
Using 2.0 mm linoleum is better for the environment. However, this is only the case if the life span of
the 2.0 mm linoleum is more or less the same as for the 2.5 mm version.
Substitution of useful heat produced during the incinerating of linoleum with avoided electricity use is
the best of the studied alternatives.
Reduction in the use of pesticide only effects terrestrial ecotoxicity, and not the other toxicity
categories.
Reduction in the use of N-fertiliser affects the results for global warming, eutrophication and
acidification substantially.
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Reduction of the transportation distance for raw materials has some effect on aquatic and sediment
ecotoxicity.

Changes in the composition of the VOC emissions at Forbo-Krommenie B.V. have a considerable
influence on the category “odour “. A better estimate of the composition of these emissions is
necessary in order to assess the effects on “odour “ and “depletion of the ozone layer “ properly in an
LCA on linoleum products.

The influence of capital goods is certainly not negligible. According to a very rough scenario leaving
out capital goods may lead to an underestimation of 1-10%. The influence of the missing chemicals
could be even more substantial. According to a very rough scenario these data gaps may lead to an
underestimation of 5-40%.

Data gquality and applicability
The main conclusions following from the analysis of data quality are:
The results of the study are applicable for analysis of the described systems only. This means that:
- The results should not be used to compare the environmental performance of linoleum produced
by Forbo-Krommenie B.V. to other products.
The results should not be used to compare systems with different capital goods because capital
goods are not included.
The results should not be used to compare different maintenance systems because too much
data on chemicals in maintenance products is missing.
The results for “odour “ and “depletion of the ozone layer “ should be presented with some care as
the unreliable VOC estimations at Forbo-Krommenie B.V. play an important role in these impact
categories.

Discussion & final conclusions

Main contributing processes

In the stage “production of raw materials” the processes “growing of linseed” and “transport” are important
processes. The data for this process depend largely on assumptions. If these assumptions are not
realistic, this may have large influences on results. Therefore, it is advisable to try to ground these
assumptions with better data. Still, Forbo-Krommenie B.V. could improve their environmental
performance on many impact categories by using linseed that is cultivated with less fertiliser and less
pesticides.

In the stage “production of linoleum “ the energy used at Forbo-Krommenie B.V. is most important. We
expect that this data is valid and reliable. Saving on the use of electricity and gas is therefore an
opportunity for improvement.

In the stage “laying and use *“, the coal and oil used during the production of maintenance products is
important. Data on the production of maintenance products is not complete. The results of the
comparison of the Dutch and Swedish scenario showed a heavy influence of the lack of data on the
production of Swedish maintenance products. Therefore, no conclusions can be based on the
comparison of these maintenance systems, other than that maintenance is not negligible. Better data on
maintenance products is needed before more conclusions can be drawn on the influence of maintenance.

In the stage “disposal “ the emissions produced during incineration are important. However, the figure of
100% incineration of used linoleum and the linoleum waste from Forbo-Krommenie B.V. is only an
assumption. From the scenario analysis followed that substitution of useful heat produced during the
incinerating of linoleum with avoided electricity use shows the best environmental profile of all studied
alternatives for handling waste. Therefore incineration seems a better alternative than landfill. However,
this result should be considered with some care, because for landfills average ETH-data was used. These
are probably not very realistic for the landfill of linoleum.

Composition of linoleum

In the scenarios a number of variation in linoleum composition have been studied. This showed that:
The sensitivity analysis showed that the contribution of pigments other than TiO, to all impact
categories can be considerable. However the data on pigments could not be checked for quality.

viii



Moreover, these data were not provided by the suppliers of the pigments and the representativeness
of these data might be disputed. There is a great variety of possible pigments, but little available
information concerning their environmental performance. A more detailed analysis on this point
focusing on the pigments that are actually used by Forbo-Krommenie B.V., aimed at finding
pigments that are the most environment-friendly could be valuable.

The 2.0 mm gauge has a considerably better environmental performance than the 2.5 mm gauge. On
average, the results for this gauge are 15% lower. If the life span of both floors is comparable, Forbo-
Krommenie B.V. might consider producing relatively more 2.0 mm products as a means of improving
their environmental performance.

Linoleum with tall oil has a better environmental profile than linoleum without tall oil, because the use
of linseed is lower.

Compared to the baseline 2.5 mm linoleum cork linoleum produces better results in most categories,
but performs considerably worse in the categories “abiotic depletion “ and “odour “. Were the gas use
during drying and milling of cork-granulate reduced, it would improve the results for these categories.

Data gaps
The influence of capital goods is certainly not negligible. According to a very rough scenario leaving out

capital goods may lead to an underestimation of 1-10%). The influence of the missing chemicals could
be even more substantial. According to a very rough scenario these data gaps may lead to an
underestimation of 5-40%). Therefore, the results should not be used to compare systems with different
capital goods or different maintenance systems. The results of the study are applicable for analysis of
the described systems only.
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The result for “odour “ and “depletion of the ozone layer “ should be considered with some care, since the
emissions of VOC from Forbo-Krommenie B.V., which play an important role in these impact categories,
were not specified.

Improvement options & advice for further studies

Improvement options
Forbo-Krommenie B.V. could improve their environmental performance on many impact categories by
using linseed that is cultivated with less fertilisers and less pesticides. This seems a more promising
option than reducing transportation distances for raw materials.
Saving on the use of electricity and gas at Forbo-Krommenie B.V. is also an area for improvement.
The pigments used can have a large influence on environmental performance. A more detailed
analysis on this point, aimed at finding pigments, which are safest for the environment, could be
valuable.
The 2.0 mm gauge has a considerably better environmental performance than the 2.5 mm gauge. On
an average, the results for this gauge are 15% lower. If the lifetime of both floors is comparable,
Forbo-Krommenie B.V. might consider producing relatively more 2.0 mm products in order to improve
their environmental performance.
Linoleum with tall oil shows a better environmental profile than linoleum without tall oil. Therefore, a
reduction in the amount of tall oil, in favour of linseed oil, is not advisable.
Reducing gas use during the drying and milling of cork-granulate would improve the results for
“abiotic depletion” and “odour “ for cork linoleum. For other categories cork linoleum already produces
better results compared to baseline 2.5 mm linoleum.

Advice for future studies on linoleum
It is advisable to give the following topics extra attention in future studies on linoleum as the data on
these topics is fragmented and its influence on the environmental profile of linoleum could be
considerable:

The production and use of maintenance products, especially the Swedish type.

The production and use of pigments other than TiO2.

Emissions of individual VOC at the site of Forbo-Krommenie B.V.




Critical review statement of LCA of linoleum floors

CML has performed a Life Cycle Assessment (LCA) of linoleum floors, commissioned by Forbo
Krommenie B.V. The critical review has been performed in three phases, and two meetings have been
held. The last review was to confirm that the comments in the second phase where taken into
account.

The goal of the study has been to learn about the environmental impact of the Linoleum floor coverings
and the different contributing processes, to identify possible improvements and to learn about effects
of choices in methods and data on the outcome. The first part of the goal is definitely met, since the
results show which processes that contribute significantly to the different environmental impacts. Out
of the identified significant issues, improvement options are suggested. These can be studied further
in improvement assessments. The effects of choices in methods and data are partly studied and
concluded on.

The critical review has been performed in order to:

check that the methodology is in compliance with international standards on LCA, ISO 14040-
14043, and scientifically and technically valid

give advice on the data sources used

check that the report is transparent and consistent

check that the interpretation and the conclusions drawn reflect the limitations identified and the
goal of the study

Compliance
The study has been performed according to all main requirements of the ISO 14040, 14041, 14042 and

14043 standards. Requirements such as sensitivity analysis in order to check the chosen criteria for
inclusion of inputs and outputs is rather detailed, and hardly ever possible to fulfil for each input and
output! The impact assessment give often a result that is incomplete (e.g. for photo oxidant formation,
toxicity and odour) more because of lack of data than on the deficiencies of the characterisation
methods. Since conclusions are based on more robust impact categories, the uncertainty within these
impact categories does not effect the conclusions.

Data

Site specific data have been used when available. There are data gaps in the study, but many of the gaps
have by a sensitivity check been shown not to be of large importance for the main results. Important data
gaps may be the pigments used, the maintenance products used (the production of these products) and
the VOCs from the linoleum production and storage. Other data gaps are emissions from landfill and
incineration of Linoleum.

Essential assumptions for data and data sources are documented in a transparent way in an annex.
However, the inputs and outputs for each process is only documented in the LCA tool, which is not so
easy to use, why the inventory calculations have not been checked.

Methods

The methodology used is presented in a clear way. Some deviations from ISO recommendations exist,
e.g. for incineration and landfill, where the allocation used in the ETH database has been used instead of
a methodology recommended by the ISO 14041. This seems to have a small contribution to the total
results, however, why this probably does not influence the main results.

Interpretation
The interpretation has been done in accordance with the requirements of 14043, and in line with the goal

and scope. The sensitivity analysis of e.g. the pesticide use show in an illustrative way how the
uncertainty in amounts of pesticide and fertiliser effects the different impact categories. The conclusions
are drawn in line with the goal and scope.

The conclusion is that the report can contribute to the increased knowledge of Forbo about the
environmental impact of Linoleum floor covering, and that it is a good basis for further studies. The
results can be communicated externally, since there is a third party report that shows how the study



has been performed. It should, however, be clear when results are communicated that the results can
not be compared to results of other studies, since the choice of methodology, assumptions, system
boundaries, data for e.g. electricity production etc often differ to a large extent.

At last the critical reviewer would like to thank for a good and constructive co-operation.

Elin Eriksson

CIT Ekologik, Stiftelsen CHALMERS INDUSTRITEKNIK
Goteborg, 2000-06-20
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1 Introduction

1.1 General

Linoleum is a floor covering consisting of a binder made from linseed oil and/or vegetable drying oils and
rosin mixed with wood flour and/or cork, inorganic filler and pigments, on a carrier of jute. Forbo-
Krommenie B.V. is the world’s largest producer of linoleum floor covering (Marmoleum®, Artoleum?,
Corklinoleum and Walton) and of other linoleum products (Desk Top® and Bulletin Board?®). The products
are sold all over the world but principally in Western Europe and the USA. Forbo-Krommenie B.V.
commissioned the Centre of Environmental Science (CML) to carry out an Environmental Life Cycle
Assessment (LCA) in order to assess the environmental performance of linoleum floors, to indicate
possible options for improvement, and to assess the sensitivity of the results in methodical choices.

Elin Eriksson, of Chalmers Industriteknik in Sweden carried out a peer review.

1.2 Environmental Life Cycle Assessment (LCA)

The LCA is defined by ISO as a “compilation and evaluation of the inputs and outputs and the potential
environmental impacts of a product system throughout its life cycle * (ISO 14040, 1997). It is a method
that is meant, based on a 'cradle-to-grave’ approach, to systematically evaluate the environmental
impacts of products and activities. This approach is based on the identification and quantification of the
flows of substances and materials (or other interventions) to and from the economy and the environment,
during the entire life cycle of the product or activity. Economy is defined here as all human activities that
take place more or less isolated from the environment. In other publication, sometimes the word
‘technosphere’ is used to describe this concept. In Figure 1 the main methodological framework
according to ISO is given.
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Figure 1: The general methodological framework for LCA (ISO 14040, 1997).



In ISO 14040, 14041, 14042 & 14043 requirements are stated for every phase of the LCA and even more
technical reports and standards are in development. These ISO standards and guidelines are very
important in providing an international reference on principles, framework and terminology for conducting
and reporting LCA studies. The ISO standards, however, do not supply the reader with a “cookbook *
outlining step-by-step operational guidelines for conducting a LCA study. ISO standards contain elements
that shall or should be considered when conducting an LCA, and when communicating the results.

Currently, Guinée et al. (2000) are writing an update of the LCA-guide by Heijungs et al., (1992). This
update follows the ISO standards and guidelines as closely as possible, providing an operational outline
of the theoretical starting points, requirements and guidelines given in the different ISO documents on
LCA (ISO 14040, 14041, 14042 & 14043), as known to the authors at the moment of writing (December
1999). Guinée et al. (2000) take the Guide by Heijungs et al. (1992) as a starting point, and then further
update this guide® by including all relevant developments which have taken place since its publication,
with particular reference to the work taking place within the SETAC community. Some additions to 1SO
standards have been made in order to achieve operationalisation. Some deviations from ISO standards
have also been made, but only if there were really significant arguments to do so. The main deviations
concern the form of reporting. In Guineé et al. (2000) the guidelines for reporting are different for separate
goal and scope studies (which is in line with ISO), and for final reports, in which the description and
discussion of several topics is not placed in the goal and scope, but rather in later sections of the report
closer to the topic itself (e.g. data quality, system boundaries etc.). Additions and deviations have all
been documented comprehensively in the guide. The present study is based on the nearly final draft
version of the updated guide (Guineé et al., 2000).

! For a Guide on how to perform an LCA, we believe that it is important to structure the methodology in distinct steps which
can be documented and reported separately in an LCA-report, and which follow a logic working plan. Iterations between
steps are always possible and necessary, as LCA is an iterative technique, but iteration as such is not an individual step.



2 Goal of the study

In the goal definition of an LCA, besides the goal also the intended application, initiator, performer and
intended audience should be stated according to 1ISO (ISO, 14040). In this chapter, these topics are
described sequentially.

2.1 Goal definition

The goal of this LCA study is to gain insight into:
The environmental impact of linoleum floor coverings.
The effects of the different processes in the life cycle chain on the environmental impact of linoleum
floor covering.
Identifying possible improvements
The effects of choices in methods and data on the outcomes.

2.2 Intended application of the study results

The results of this LCA will be used:
For product and process development:
Forbo-Krommenie B.V. wants to be able to analyse (with the aid of the delivered software) the effects
of process changes in terms of technology, input and product composition on the total environmental
impact. This information can, in turn, be used to prioritise different measures that may be taken to
improve Forbo-Krommenie B.V.'s environmental performance.
As a basis for answering questions received from business relations
Possibly as basis for a brochure that serves marketing needs by communicating the environmental
performance of Forbo-Krommenie B.V.'s products to external relations. Therefore, the requirements
for third-party reports from ISO (ISO 14040, 14041 and 14042), including a critical peer review, are
followed in the present report

The results of this study will not be directly applied to a comparison of Forbo-Krommenie B.V. products
with floor coverings from other manufacturers (which would constitute a comparative assertion). Although
this is the case, it is possible that they could be used as a basis for making comparative assertions in
the future. In this case, however, additional requirements should be met (amongst others the ISO
requirements for comparative assertion).

2.3 Initiator

The initiator and commissioner of this LCA study is Forbo-Krommenie B.V. in the Netherlands.

2.4 Performer

The performer of this LCA study is the Centre of Environmental Science, Section Substances and
Products, Leiden University, Netherlands (CML).

2.5 Target audiences

The target groups for this study are Forbo-Krommenie B.V., its customers and other associates
interested in the environmental performance of linoleum products.



3 Scope of the study

In this chapter, principal choices concerning the scope of the study are outlined. These include the
breadth and depth of the study, functional units and functionally equivalent systems. These are described
in§ 3.1to 3.4.

According to 1ISO, main choices and assumptions on the next phases of the LCA should be described
under scope. These include choices and assumptions on system boundaries, data collection,
applicability etc. However, Guinée et al. (2000) advise doing so only in the initial goal and scope
description. In the description of a fully elaborated LCA, such assumptions should be treated, in as far as
possible, where the topic itself is described in the report, since assumptions and choices often change
during typically iterative LCA processes. In order to adhere as closely as possible to the 1SO guidelines,
we summarise the main assumptions and choices in § 3.5.

In § 3.6 finally the ISO guidelines concerning third party reporting and the need for a peer review are
described.

3.1 Level of sophistication

An LCA can be performed so as to articulate a range of levels of sophistication. These levels are
described in Guinée et al. (2000). For this linoleum LCA, a detailed LCA is carried out using default
methods and sensitivity analysis on non-default methods. This is the operative level for a professional
study, for a vast but not overly complex application. The ISO guidelines are followed as closely as
possible (ISO 14040, 14042, 14042 & 14043), including the recommended sensitivity analysis.

3.2 Type of analysis: descriptive and change oriented

This LCA describes environmental burdens that may be attributed to (the use of) a certain amount of a
product or service (= descriptive) but also focuses on arguments to improve technologies and production
processes (change oriented). This LCA should, therefore, be considered as a change oriented LCA rather
than as a descriptive one. One of the main requirements of a change oriented LCA is that the processes
included should be up to date so, that a fair comparison may be made between a system with “old “
processes and a changed system with improved processes, both based on recent data. In this study we
used the most recent data available, mainly from 1998. The “marginal average “ discussions currently
taking place in LCA fora are not included in this study.?

3.3 Functional unit

The functional unit describes the main function(s) fulfilled by a product system and indicates how much
of this function is considered.

This study is carried out in the form of an LCA of a baseline product system which is combined with a
sensitivity analysis in order to gain insight into such topics as the effects of differences in production
methods, data quality, use, and countries to which the product is sold. In this sensitivity analysis data,
methods and choices are varied and, in some scenarios even, the product system has been changed
substantially. In order to avoid the necessity of defining a different functional unit for every scenario, it
was decided to keep the functional unit applicable to all scenarios by making the definition rather broad.

2 All inventory data is average data. In the impact assessment, both average and marginal methods are often used as the best
available methods per impact category, leaving no choice here. This method is either average or marginal.



This is most useful in the present study in which a number of scenarios play an important role. For
example, it makes it possible to use the same functional unit for a linoleum floor used in the Netherlands
and in Sweden. However should the result of this study be used in other applications, (e.g. in a
comparative assertion concerning different floor coverings ) the functional unit should be defined more
rigidly, in order to avoid large differences in functionality between the alternative systems.

For the definition of the functional unit, the following elements were considered:
- The function.

The spatial context.

The temporal context.

The users behaviour.

The unit.

The quantity.

These elements are hereafter discussed in relation to the LCA on linoleum.

Function

Linoleum's function is floor covering. Linoleum floor covering can be used in different situations, e.g. in
private homes, public buildings or offices. The situation and the intensity of use influence the life span of
the floor. In this study we focused on linoleum floor covering in public and commercial use areas as the
baseline LCA. Linoleum is sold as a floor covering mainly to hospitals, schools, offices, etc.

Spatial context
While all linoleum is produced in a factory in Assendelft®, in the Netherlands, linoleum is used all over the

world. This means that there are differences in the distance and method of transport of the linoleum floor
covering as well as possible differences in the use and disposal phases. The differences between
countries in the use of floor covering may include differences in maintenance (frequency of cleaning, use
of cleaning products) and differences in life span (as a function of the maintenance, frequency of moving,
fashion, etc.). The differences in the disposal of floor covering may include differences in recycling and
differences in the ratio between combustion and dump. There may also be variance in how electricity is
produced in different countries.

Because the linoleum floor covering produced by Forbo-Krommenie B.V. is used in many countries, a
choice had to be made for the baseline system and the scenarios. The baseline LCA is determined as a
function of the country in which most linoleum is sold, namely the Netherlands. Sweden is also a very
important market for linoleum. One of the scenarios in the sensitivity analysis will, therefore, be based on
Sweden. Linoleum is also sold to the USA because this has large consequences for transport distance,
transport to the USA will also be included in the sensitivity analysis. To ensure the functional unit's
applicability in all scenarios, no definition of the country of use is included in the functional unit.

Temporal context
1998 isthe most recent year for which Forbo-Krommenie B.V. process data is available. This year will,
therefore, be the reference year for the study.

The life span of the linoleum floor can be interpreted as the technical life span or the economic life span.
The technical life span is based on wear as a result of use. However, the economic life span of a floor is
shorter because a floor may be removed for aesthetic reasons, for instance, when new users move into a
building or when a building is renovated. This is generally referred to as the “economic life span “. The
economic life span may also be influenced by the country in which the floor is used (see also spatial
context). For this study, the economic life span of linoleum floors in public buildings is estimated to be
20 years (source: Forbo-Krommenie B.V.). The life span in private homes is probably shorter because
people frequently replace old floor covering when moving into a new home.

User behaviour
As mentioned above consumer behaviour may differ between countries. This may influence life span and
the use of maintenance products. Actual use and maintenance in a public building in the Netherlands is

® There also is a Forbo-Krommenie B.V. factory in Scotland. This is not included in this study.



included in the baseline system. In the Swedish scenario, we included the actual use and maintenance
in a public building in Sweden, however, there was less information on Swedish maintenance than on
Dutch maintenance (see Table 2 for the maintenance frequencies in public buildings in both countries).

Unit
The unit not only depends on the function, but also on the spatial and temporal context. The unit should
preferably be expressed in Sl units. For this study we have defined the unit as: m*year.

Quantity

The quantity in the baseline LCA is taken as: 40000 m’-year. This is the use of 2000 m’ linoleum over a
period of 20 years. 2000 m’ is representative of the floor area in an average-sized office or public building
and 20 year is the economic life span of the floor in the Netherlands according to Forbo-Krommenie B.V.

This leads to the following functional unit:

The use of 2000 m? linoleum (produced by Forbo-Krommenie B.V. in 1998) in an office or public
building over a period of 20 years.

3.4 Functionally equivalent alternative systems

After establishing the functional unit, one or more product systems capable of producing the functional
unit defined above are selected.
Linoleum floor covering from Forbo-Krommenie B.V. is available in three types:

Plain and decorative linoleum

Corklinoleum

Plain and decorative linoleum on a corkment backing
These are available in different gauges. For the baseline system we focused on the types of linoleum floor
covering most sold, namely plain and decorative. Forbo-Krommenie B.V. sells this type of linoleum under
the brand names Marmoleum®, Artoleum® and Walton. Although patterns and colours vary, the overall
composition of these products is the same, with the exception of the pigments. 2.5 mm is the best-
selling gauge (70% of the total return). Marmoleum 2.5 mm is, therefore, used in the baseline system. In
Sweden, there is a large market for 2.0 mm Marmoleum® hence this type will be used in the “Swedish
scenario “. Corklinoleum differs substantially from Marmoleum® as it is thicker (4.5 mm) and cork is used
as filler instead of wood flour.

In conclusion, three different functional equivalent alternative systems are considered:

The baseline system: This consists of the production, laying, use and maintenance of 2000 m? 2.5
mm Marmoleum®, in an office or public building in the Netherlands, over a period of 20 years and its
subsequent disposal.

The Swedish system: This consists of the production, laying, use and maintenance of 2000 m? 2.0
mm Marmoleum®, in an office or public building in Sweden, over a period of 20 years and its
subsequent disposal.

The Corklinoleum system: This consists of the production, laying, use and maintenance of 2000 m?
4.5 mm Corklinoleum, in an office or public building in the Netherlands, over a period of 20 years and
its subsequent disposal.

Forbo-Krommenie B.V. manufactures other products (e.g. Artoleum® Walton) and gauges which
sometimes means using slightly different production processes. However, the focus of this study was not
to discuss all products manufactured by Forbo-Krommenie B.V., but rather to discuss a few relevant
alternatives. Forbo-Krommenie B.V. has indicated that the three different systems described above are
the most relevant.



3.5 Initial choices on methods and data

ISO requires that a number of choices on methods data and on the applicability of the study be
described and discussed within the scope of the study (See ISO 14040, 140401). In accordance with
Guinée et al. (2000) we decided to write up most of these discussions in the final report, closer to the
point were these choices were made. In order to adhere closely to ISO standards, we summarised these
topics below and included a reference as to where the full description/discussion on this topic may be
found in the report.

System boundaries

In defining the system boundaries we followed the guidelines given in Guinée et al. (2000) which are

described in the Inventory in § 4.2. The most significant choice made was to leave out the capital

goods for producing linoleum.

Criteria for inclusion of data

Where possible in this study, we used case-specific data on processes provided by the companies

were these processes take place. If this information was not complete or did not seem reliable, we

used available data from other inventory studies. If case-specific information was not available, we

also used other sources such as the ETH database (ETH, 1996) or data from other inventory studies.

More detailed choices on the inclusion of data are described in § 4.3 and appendix A.

Data quality

The quality of data is discussed in the inventory section where a description of the data used in the

study is given: § 4.3.

Allocation procedures

These are described in the section of the inventory where the allocation is carried out: § 4.4.

Main assumptions

The main assumptions influencing the outcome of the study are made in the inventory phase (see

also above). They are, therefore, described in chapter 4 (Inventory). These assumptions concern

waste treatment (incineration or landfill, substitution of useful heat when incinerating linoleum), life

span, maintenance systems etc.. Other assumptions are outlined in appendix A.

Applicability of the study

The results of this study can be used for the application mentioned in § 2.2. The study is designed to

describe the functional, alternative systems mentioned above and to analyse the not too large

variations on these systems. In this form, the results cannot be used for comparative assertion or for

radical changes to the system (e.g. changes leading to variance in capital goods). A more thorough

discussion on data quality and the resulting applicability of the results of this study may be found in 8

6.6.

3.6 1SO guidelines concerning third party reporting and peer review

Because the results of this study will probably be made public. Therefore, it has been compiled is in
accordance with the ISO guidelines with respect to third party reporting. Although at present there is no
comparative assertion at stake, the results may be used for this at a later stage. The study, therefore,
also accords with the 1ISO guidelines with respect to comparative assertion and includes a peer review by
an independent LCA-expert (see ISO 14040, ISO 14041, 1SO 14042 and I1SO 14043). This review is
included in this report.



4 Inventory

In the inventory analysis, data was collected and in- and outputs were attributed to the processes.
Aggregating the data ultimately resulted in a list of all environmental in- and outputs in the product
system namely, the inventory table. In this chapter, all basic choices made during the construction and
quantification of the product system are described. The process tree and system boundaries are
described in 8 4.1 and 4.2., data gathering in 8 4.3 allocation of data in 8 4.4 and the resulting inventory
table in 8 4.5 and appendix B.

For this study, we used a new software tool currently being developed at the CML: CMLCA 2.0 (Heijungs,
2000). This software is better adapted to producing results using different inventory allocation and impact
assessment methods than current commercial packages. This affords the user greater freedom in
defining scenarios. Unfortunately, however, the CML package is not commercially available, hence no
user-friendly guide has been developed and no helpdesk exists. While this is the case, the software is
available free of charge on the CML-internet site:

http://www.leidenuniv.nl/interfac/cml/ssp/cmica.html

4.1 Process tree (baseline)

In Figure 2 the process tree for the baseline scenario is depicted.

Validity

This product system is representative for a large share of the linoleum production at Forbo-Krommenie
B.V. There is, however, considerable variability in product systems for different linoleum products made
by Forbo-Krommenie B.V. Therefore, in 8 6.4 some alternative systems are analysed and discussed (see
also § 3.4).

Reliability

The system is not complete because capital goods are not included. All other relevant processes were
included in the system. Processes for which no data was available and for which it was not possible to
make a sound estime of the process data, were included in the system as “data gaps “. In

Figure 2 these are shown by a grey fill. From some processes, only part of the data could be gathered.
These processes are marked with one or more asterisks. A description appears below the figure
describing what is and what is not included for those processes. More detailed information may be found
in appendix A.

4.2 System boundaries

In an ideal LCA situation one would be able to trace all streams up to the level of natural resources (with
no human effort yet invested in the material)emissions without any further future human interventions.
This, however, commonly gives rise to a problematic, infinite historical regression. Given this then,
boundaries for the system must be established.

Three types of boundaries are distinguished between:

1. the product system and the environment,

2. included and disregarded processes,

3. the product system under investigation and other product systems.
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Figure 2:

Grey fill: no data available for this process, no data on this process included in the study (sensitivity
analysis on data gaps in § 6.4) .

Dash lines (incinerating linoleum): process copied from other page, duplicate.

* information on the production and transportation distance of 96% of the raw materials was available,
information on the production of ingredients for these raw materials was also partly available (= energy
use, transport and waste during production of these ingredients was available, no information available
on the production of ingredients for the ingredients see appendix A)

** Information on the production and transportation distance of none of the raw materials was available,
information on the production and transportation distance of 50% of the ingredients for the raw materials
was available (rosin), information on the production of other ingredients and information on energy use
etc for the production of the raw materials was not available (see appendix A).

***: information on the production and transportation distance of 98% of the raw materials was available,
information on the production of ingredients for these raw materials also in part available (information on
gum and limestone, as well as on energy use, transport and waste during production of some other
ingredients and ingredients for these ingredients unknown see appendix A).

#: information on production and transport of maintenance products for the Dutch scenario is available
for all products with the exception of a product used to remove the polymer top layer of linoleum flooring.
No information is available on the transport of maintenance products for the Swedish scenario
##:Information on the raw material production of Dutch maintenance products is not complete,
information on the raw material production of Swedish maintenance products is fragmented.

The production of chalk is one step further than the grinding of limestone. Unfortunately, the data we
have on the production of chalk is aggregated data which includes the precursors. Hence, we could not
distinguish between the last step and the previous steps of mining and grinding. The production of chalk
in this figure is, therefore, the complete aggregated production chain, which may differ from the data we
used for limestone.

12



ad 1: Boundaries between product system and environment
There are two types of processes in this study where this type of boundary plays an important role,
namely:
- The landfill processes
In the new guide (Guinée et al., 2000) it is advised to consider the landfill itself as part of the
economy. Landfilling in this study is thus treated as an economic process with inputs and
emissions. In this study ETH-data is used for landfills. These data is aggregated data and includes
the transport, the construction of landfills and emissions.
Agricultural processes
In these processes, the boundary between economy and environment is often not clear. In the new
guide (Guinée et al., 2000) it is advised to consider the agricultural soil and the portion of the crop
that is not harvested, as environment. In this study, therefore, applied pesticides are treated as direct
emissions to soil, water and air. This is the case in the process “growing of linseed “. Added N and P
fertilisers are understood as being emissions to the environment in as far as the amount of N and P
added is not harvested. This results in an emission of N to soil and into the air (as NO and NH;) in
the process “growing of linseed “, since not all N added is harvested in the linseed. The P added in
the process “growing of linseed “ is compensated by the harvesting of P in the linseed. It is assumed
that all parts of the linseed plant except the seed remain on the land and are buried or burned there.
Emissions of CO, resulting from this are compensated by the uptake of CO, in the growing of
linseed. The part of the crop that remains on the land is considered part of the environment and is,
therefore, not accounted for”,
CO, emissions which arise from burning organic material, are compensated by the uptake of CO,
while the raw material was growing. Both flows are not, therefore, included in the study.

ad 2: Boundaries between included and disregarded processes

The production of capital goods is not included in this study. It is very difficult to get a good estimate of
the production of capital goods that may be associated with one unit of product (linoleum). As a change
in the capital goods is not a logical option for improvement of environmental performance at Forbo-
Krommenie B.V., it is not relevant to include this information in the study.

ad 3: Boundaries between the product system under investigation and other product systems
In some processes, the product system under consideration “connects “ to another system not included
in the study. These processes produce more than one product, or process more than one type of waste.
In this case, allocation of the inputs and outputs of this process should take place. Allocation occurs in
the following processes:

The sawing of raw wood for other use.

The production and transport of linseed oil to Forbo-Krommenie B.V.

The transport, spinning and weaving of jute.

The transport of raw rosin from the plantation and the extraction and transport to Forbo-Krommenie

B.V

The Incineration of linoleum.

The production of tall oil and paper
Some processes from the ETH-database are used in this study (see § 4.3). These processes are already
allocated when necessary. In § 4.4 the allocation of the processes is described in more detail.

Sometimes also geographical boundaries and boundaries in time are discerned. There are no
geographical boundaries for this study, as the raw materials for linoleum are produced all over the world
and linoleum is sold all over the world. As to boundaries in time: In this study we used the most recent
data available for all processes, most data are from 1998.

4 However, it is possible that the remainders of the linseed plant also be used commercially. suppliers of linseed oil indicate
that commercially (both options occur). When linseed straw is used instead of buried/burned, the in-and outputs of the
process “growing of linseed “ should be allocated to the two products: straw and linseed. This would mean a lower
contribution of this process to the linoleum production.
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4.3 Data collection and data quality

All the economical and environmental in- and outputs are described and quantified per process. The
validity (representativeness) and reliability (completeness, variability and uncertainty) of the process data
are described in so far as this is possible. In the interpretation phase of the LCA, possible effects of the
quality of data are analysed (see Wrisberg et al., 1999).

Data was collected by Forbo-Krommenie B.V. and CML. A description is given below of the data

collected, as well as of its validity and reliability.

4.3.1 Raw material production

General data for the production of raw materials
Data concerning production and transport (means and distance) of most raw materials used in the Forbo-
Krommenie B.V. processes was provided by Forbo-Krommenie B.V.

Vvalidity

This data was provided by Forbo-Krommenie B.V. 's suppliers and should be, therefore, representative
per definition for the processes concerned. Wood flour is supplied mainly by English and German
suppliers, cork by Portuguese suppliers, (all cork is produced in Portugal), jute is supplied by Indian,
Dutch and French suppliers(all jute is grown in India and Bangladesh), linseed oil is supplied by Dutch
and German suppliers ( all linseed is grown in Canada), gum rosin is supplied by Dutch and German
suppliers(all raw rosin is produced in Indonesia).

Reliability

The data provided is not always complete. Figures on emissions resulting from the use of fossil fuels
were often not provided. Therefore, we used aggregated ETH-data on the use of these fuels instead of
data on the supply of these fuels. Data on some processes consists of rough estimates. Important
assumptions are made for linseed: every year an insecticide and a pesticide are used on 20% of the
linseed fields in the prescribed amount(based on personal communications from suppliers of linseed) 1%
of the N applied evaporates as NH; and 1% as N,O (based on Valimaa & Stadig, 1998). Data on some
processes is lacking. The lacking data is mentioned in § 4.2 ad 2, and marked in the process tree. The
variability may be considerable. Transportation distance in particular can vary widely because the
transport is delivered by different suppliers. Data on the amount of product produced per unit of raw
material varies less. We took average values for all data on raw materials where information from more
than one supplier was available. Where possible, we used weighted averages based on the percentage of
the raw material that Forbo-Krommenie B.V. bought from different suppliers. The uncertainty of this data
is not known.

Pigments
The aggregated data on the production of TiO, used in the baseline study, and the yellow and red

pigments used in the sensitivity analysis, are provided by PE Product Engineering, Germany (PE, 1999,
pers. comm. K. Saur).

Validity and reliability

The validity and 