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Foreword

Even though we now recycle nearly 18 % of our 25 million tonnes of household
waste we still landfill the majority of the remaining waste. We need to continue with
the programme of actions to deliver much greater recovery and reuse of these
materials.

As we re-examine the impacts of what we produce, and the waste we generate we
need a framework to decide what makes sense. That is where Life Cycle
Assessment (LCA) can be used. It forces a rational examination of all the
environmental impacts of products and services.

2-3% of our household waste is estimated to be disposable nappies, approximately
400,000 tonnes of waste each year.

The alternative is to use reusable nappies. This reduces demands on landfill but
reusable nappies impact on the environment in other ways such as the water and
energy we use in washing and drying them. Both approaches therefore create their
own environmental impacts.

This study reported on the way people used the leading types of both disposable
and reusable nappies in 2002/3. As new products come onto the market place we
will update this study and already plan to review the next generation of nappies.
We expect those developing these products to use this study to shape more
sustainable designs of nappies.

These are steps forward but we still need to tackle the volume of disposable
products that go to landfill. If we take the Government’s most optimistic forecasts
we will still be landfilling over 350,000 tonnes of disposable nappies. This is at a
time when we aim to reduce the volume of biodegradable waste going to landfill
and to deliver more sustainable waste management. Therefore we want the main
manufacturers of disposable nappies to work with us to find ways to reduce the
volumes that go to landfill.

We also look to reusable nappy manufacturers to help parents review the way they
launder and dry reusable products to reduce their water and energy impacts.

This LCA study provides the framework against which we can judge the success or
failure of actions to reduce the impacts of reusable and disposable nappies.

Further information on this study and on how you can reduce environmental
impacts from the use of reusable and disposable nappies and related products is on
our website at www.environment-agency.gov.uk

allte

Tricia Henton Director of Environmental Protection
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Executive Summary

In recent years, there has been considerable debate over the relative
environmental performance of reusable (cloth) nappies and disposable nappies.
While many people intuitively think that reusable nappies are better for the
environment, disposable nappies account for some 95 per cent of the market and
around 2.5 billion disposable nappies are sold in the UK each year.

The environmental impacts of different nappy types have been investigated in
numerous studies. However, these studies have been limited in their accuracy or in
their scope and have often been carried out by, or on behalf of, an organisation with
a vested interest in the study results.

In 2001, the Environment Agency commissioned the environmental consultancy
Environmental Resources Management Limited (ERM) to provide an independent
and objective environmental life cycle assessment of nappy use in the UK. Life
cycle assessment (LCA) is a technique used to assess environmental performance
over the entire life cycle, from raw material extraction through to product
manufacture, use and final disposal.

The study reported here complies with the latest methods laid down in international
standards (1S014040).

Study aims

The aim of the LCA study was to assess the life cycle environmental impacts
associated with using disposable nappies and reusable nappies in the UK for 2001-
2002. Three different nappy types were assessed:

e disposable nappies;
¢ home laundered flat cloth nappies; and
e commercially laundered prefolded cloth nappies delivered to the home.

The systems studied

To compare the nappies fairly, the study considered the environmental impacts
associated with an average child wearing nappies during the first two and a half
years of its life.
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For each nappy type studied, all the materials, chemicals and energy consumed
during nappy manufacture, use and disposal, and all the emissions to the
environment were identified. All these ‘flows’ were quantified and traced back to the
extraction of raw materials that were required to supply them. For example,
polymer materials used in disposable nappies were linked to the impacts
associated with crude oil extraction and the flows associated with the fluff pulp used
in disposables were traced back to paper and forest growth. For cloth nappies, the
flows were traced back to cotton growth and production. All transport steps have
been included.

The environmental impact categories assessed were those agreed by the project
board: resource depletion; climate change; ozone depletion; human toxicity;
acidification; fresh-water aquatic toxicity; terrestrial toxicity; photochemical oxidant
formation (low level smog) and nutrification of fresh water (eutrophication). These
environmental impacts were calculated for an average nappy system in each case.
The study therefore excluded impacts such as noise, biodiversity and the amount of
land used by each system.

The total flows of each substance were compiled for each stage of the life cycle and
used to assess the environmental impacts of each system. For example, flows of
methane, carbon dioxide and other greenhouse gases were aggregated for each
system in total. Internationally agreed equivalents that quantify the relative global
warming effect of each gas were then used to assess the overall global warming
impact of each nappy system. Figure 1 shows the system that was studied for
commercially laundered cloth nappies.

For the three nappy systems, manufacturers provided data for their production
processes. Commercial laundries also supplied data. Published excreta data was
used for the contents of used nappies. Data on the numbers of different nappies in
use and how they were washed etc. were estimated from surveys undertaken for

the Environment Agency (1). Published life cycle inventory data were used to
describe commodity material and energy inputs to the stages.

Sensitivity analyses were conducted for the following key areas of uncertainty:

e reusable nappy manufacture;

e aquatic toxicity impact method,;

e drying methods for reusable nappies; and
e how excreta were disposed of.

(1) Environment Agency, 2004 Time to change? A study of parental. habits in the use
of disposable and reusable nappies. Environment Agency.
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1 Introduction

1.1  Project background

There has been considerable debate about the relative environmental impacts of
reusable and disposable nappies, and a number of life cycle assessment (LCA)
studies have been carried out on this topic since the mid-1970s. These predate the
publication of 1ISO14040; the International Standard for LCA. Many of the studies
conform to the principles of ISO 14040, but it is generally felt that they do not
represent the present UK situation due to the age of the studies and developments in
the design, manufacture and use of both disposable and reusable nappies.

The Environment Agency is an independent organisation and has commissioned this
LCA study to provide an accurate and objective assessment of the environmental
impacts of the production, use and disposal of reusable and disposable nappy
systems for the UK as a whole.

Over the last two decades, disposable and reusable nappy systems have been
subject to numerous life cycle studies (see Section 11.1 for a list of previous studies).
Since they were conducted, 1ISO guidance has been published and new
methodologies for impact assessment have been developed. Previous studies have
been limited in their scope, both in the life cycle stages addressed and in the
environmental issues assessed; the majority being limited to inventory analysis or
analysis of specific burdens and not including a full range of environmental impacts.

This study does not assess individual brands.
The specific objectives of the project, specified by the Environment Agency, were:

e to compile a detailed life cycle inventory of the environmental burdens associated
with the production, use and disposal of reusable and disposable nappies,
considering various options for cleaning reusable nappies, and for disposing of
disposable nappies;

e to use the life cycle inventory data to compare the potential environmental impacts
arising from reusable and disposable nappies under the various scenarios
considered; and

e to compare the results of the study with other key life cycle studies in this area
and to identify the main reasons for any significant differences(2).

(2) This objective was considered superfluous due to the developments in LCA
methodology, with nappies themselves and because the study is UK specific.
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1.2  Life Cycle Assessment

The international standard for Life Cycle Assessment, 1ISO14040 (1SO, 2000), states
that: “LCA is a technique for assessing the environmental. aspects and potential.
impacts associated with a product by:

e compiling an inventory of relevant inputs and outputs of a product system;

e evaluating the potential. environmental. impacts associated with those inputs and
outputs; and

e interpreting the results of the inventory analysis and impact assessment phases in
relation to the objectives of the study.”

LCA studies the environmental aspects and potential impacts throughout a product’s
life (i.e. from cradle to grave), from raw material acquisition through production, use
and disposal. The general impacts needing consideration include resource use,
human health, and ecological consequences.

The key elements of an LCA are:

e goal and scope;

¢ life cycle inventory analysis;
¢ life cycle impact assessment;
¢ life cycle interpretation;

e reporting; and

e critical review.

1.3  About children and nappies

Nappies are used to absorb and contain excreta produced by small children. The
nappies that are used today in the UK fall into two distinct groups, disposables and
reusables. These two forms, although fulfilling essentially the same function, are
fundamentally different in nature and in use. Disposable nappies are single use
items with no requirement for folding/preparation and no need for washing. Once
used, the nappies containing excreta are generally thrown away with other household
waste. Reusables are generally made of cotton cloth and are laundered and re-used
many times. Excreta from these is predominately treated by the sewerage system.

Itis in the first 2.5 years of life that babies are heavily dependant on nappies. After
this period, children are generally less dependent on nappies due to potty training,
with nappies being used mostly at night, if at all.

1.3.1 Excreta volumes

By 2.5 years, approximately 90 per cent of girls and 75 per cent of boys have
complete bladder control (Stoppard, 1990). The average child will stay dry at night at
33 months (normal range 18 months to 8 years) (Green, 1998). During the first 2.5
years, according to Geigy et al. (1981), approximately 254 litres of urine and 98 kg of
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faecal matter are produced (Lenter, 1981), see Table 1.1 and Table 1.2. Geigy et al.
iIs a comprehensive publication in terms of volumes, composition and referencing.

Forfar and Arneil’s Textbook of Pediatrics (1998), although not as comprehensive in
its references as Geigy, suggests a range in urine volume of approximately 409 to
506 litres, and a range in faecal mass of 6.9 to 48.4 kg over 2.5 year period, see
Table 1.5, Table 1.6, Tablel.7 and Tablel1.8. An alternative data set published by
Goellner et al. (1981) suggests that 633 litres of urine are produced during the first
2.5 years, see Table 1.3 and Table 1.4. Potty training is a variable that is difficult to
include in the study, as it is extremely child dependent. Potty training will affect the
use of nappies by a child and the disposal routes for excreta.

There is limited scientific literature regarding the excreta produced by children.
Although quantities are of interest, in terms of the environment, composition (see
Table 1.9, Table 1.10, Table 1.11 and Table 1.12) and destination are likely to be of
more significance.

If we use the Geigy data, in 2001-2002, 172,000 tonnes of urine and 66,000 tonnes
of faecal matter would be produced by nappy wearing children (1.69 million children).
If we use the Forfar data, in 2001-2002, 276,000 to 342,000 tonnes of urine would be
produced by nappy wearing children.

There are other differences between the data from Geigy, Forfar and Goellner. The
Geigy data includes urine, faeces and composition data, unlike Goellner, which
addresses only urine volume. The Forfar data addresses urine and faeces volume,
but includes more limited composition data. The Forfar faeces data is more limited
than Geigy, though the data is from the same source. The Geigy faeces data seems
to be the most comprehensive.

In this study, the volume of excreta generated is varied to reflect the range in the
generation rates and the difference in the excreta that is captured within nappy
systems. Two scenarios were analysed, one using Geigy data and the other using a
mixture of Forfar data for urine and Geigy data for faeces.

Table 1.1 Urine production per child from Geigy

Age of child Urinary volume rate Total volume for
(mld™*kg™) period*
(litres)
0-6 months 34 324
6—12 months 29 45.6
12-24 months 25 100.5
24-30 months 33 75.8
TOTAL 254.3

Source: Lenter, 1981
* Calculated using NCHS/WHO baby growth charts (50" percentile), see Figure 1.1.
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Table 1.2 Faeces production per child from Geigy

Age of child Faeces mass rate  Total mass for period
(gd™ (kg)

0-3 months 83 7.6

3 months to 2.5 years 110 90.3

TOTAL 97.9

Source: Lenter, 1981

Table 1.3 Urine production per child from Goellner

Age of child Total volume for period* (litres)
0-6 months 81.8
6—12 months 116.5
12-24 months 293.6
24-30 months 141.7
TOTAL 633.5

Source: Goellner et al., 1981
* Calculated using NCHS/WHO baby growth charts (50™ percentile), see Figure 1.1.

Table 1.4 Urine production rate per child from Goellner

Age of child Urinary volume rate
(mld*kg™)
0-1 months 106.6
1-2 months 110.7
2-4 months 85.2
4-6 months 73.3
6-12 months 74.1
12-18 months 80.6
18-24 months 66.2
24-32 months 61.7

Source: Goellner et al., 1981

Table 1.5  Urine production per child from Forfar

Age of child Minimum total Midpoint total Maximum total
volume for volume for volume for

period period period
(litres) (litres) (litres)

0-6 months 62 74 86

6—12 months 73 82 91

12-24 months 183 201 219

24-30 months 91 100 110

TOTAL 409 457 506

Source: Campbell and Mcintosh, 1998
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Table 1.6 Urine production rate per child from Forfar

Age of child Minimum urinary Maximum urinary
volume rate volume rate
(mld™ (mld™h
1st and 2nd day 15 60
3-10 days 50 300
10-60 days 250 450
2-12 months 400 500
12-36 months 500 600

Source: Campbell and Mcintosh, 1998

Tablel.7 Faeces production per child from Forfar

Age of child Minimum total Midpoint total Maximum total
mass for period mass for period mass for period
(kg) (kg) (kg)
0-2 months 0.9 1.7 2.4
2-30 months 6.0 26.0 46.0
TOTAL 6.9 27.6 48.4

Source: Campbell and Mcintosh, 1998

Tablel.8 Faeces production rate per child from Forfar

Age of child Minimum total Maximum total Comment
mass for period mass for period
(gd?) (gd?)
Newborn 15 25 Breast-milk fed
Newborn 30 40 Cows’ milk fed
2 months - 6 7 54 -
years

Source: Campbell and Mcintosh, 1998

Table 1.9 Forfar urine composition data for the first 2.5 years of a child’s life

Substance Minimum total mass Midpoint total Maximum total
for period mass for period mass for period
(kg) (kg) (kg)
Ammonia 0.0782 0.1203 0.162
Calcium* 0 0.1768 0.354
Chloride* 0 0.6269 1.254
Copper* 0 0.0000183 0.0000365
Lead 0.00000137 0.0000107 0.0000201
Magnesium* 0 0.0046 0.00913
Nitrogen 0.0301 0.0526 0.0752
Phosphorous* 0 0.0913 0.183
Potassium* 0 0.3457 0.691
Sodium* 0 0.3761 0.752
Water** 408.57 455.56 502.54

Source: Campbell and MclIntosh, 1998
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*For these elements no minimum value was quoted, we have assumed a minimum of
zero. Forfar data only provided maximum quantity in these cases.
** The remainder of the total volume is assumed to be water.

Table 1.10 Forfar faeces composition data for the first 2.5 years of a child’s

life
Substance Minimum total Midpoint total Maximum total
mass for period  mass for period mass for period
(kg) (kg) (kg)
Calcium 0.183 0.228 0.274
Copper** 0 0.000316 0.00063158
Iron 0.000720 0.000783 0.000846
Magnesium* 0.0154 0.0308 0.0461
Nitrogen* 0.146 0.146*** 0.146%***
Phosphorous* 0.143 0.160 0.176
Potassium 0.00323 0.03405 0.09656
Sodium 0.0142 0.0864 0.203
Water**** 5.64 23.22 41.64

Source: Campbell and Mcintosh, 1998

* Quantity represents faeces for a child. This data is based on an adult composition
that has been multiplied by the ratio of baby body weight to adult body weight.
Average adult weight was assumed to be 70 kg and average baby weight to be 9.69
kg, using baby growth charts (50" percentile), see Figure 1.1.

** For copper no minimum value was quoted, a minimum of zero was assumed.

*** Forfar data only presented a minimum total mass for the period in these cases.
**&% \Water content is based on Forfar data representing a child aged 3 months to 6
years.

Table 1.11 Geigy urine composition data for the first 2.5 years of a child’s life

Substance Quantity Unit
Ammonia 0.00000739 kg
Antimony* 0.000000189 kg
Arsenic* 0.00000594 kg
Boron* 0.000126 kg
Bromide* 0.000467 kg
Cadmium* 0.00000027 kg
Caesium* 0.00000164 kg
Calcium 0.0319 kg
Chloride 1.018 kg
Chromium 0.00000539 kg
Cobalt 0.00000009 kg
Copper 0.0000275 kg
Inorganic sulphate* 0.148 kg
lodide 0.000548 kg
Iron* 0.0000111 kg
Lead 0.0000164 kg
Lithium* 0.000101 kg
Magnesium 0.0247 kg
Manganese* 0.0000137 kg
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Substance Quantity Unit

Mercury 0.000000126 kg
Molybdenum* 0.0000102 kg
Nickel* 0.00000033 kg
Nitrogen 1.606 kg
Phosphate 1.733 kg
Potassium 1.147 kg
Rubidium* 0.000303 kg
Scandium* 0.00000000922 kg
Selenium* 0.00000379 kg
Silver* 0.0000000695 kg
Sodium 0.565 kg
Strontium 0.0000154 kg
Sulphur* 0.167 kg
Tungsten* 0.00000404 kg
Urea* 2.602 kg
Water** 245.3 kg
Zinc 0.000347 kg
Total 254.3 kg

Source: Lenter, 1981

* Quantity represents urine for a child. This data is based on an adult composition
that has been multiplied by the ratio of baby body weight to adult body weight.
Average adult weight was assumed to be 70 kg and average baby weight to be 9.69
kg, using baby growth charts (50" percentile), see Figure 1.1.

** The remainder of the total volume is assumed to be water.

Table 1.12 Geigy faeces composition data for the first 2.5 years of a child’s

life
Substance Quantity Unit
Ammonia* 0.0523 kg
Bicarbonate 0.227 kg
Cadmium* 0.0000202 kg
Calcium* 0.0846 kg
Chromium* 0.00000758 kg
Cobalt* 0.00000505 kg
Copper* 0.000248 kg
Dry mass 3.833 kg
Fluoride 0.000265 kg
lodine* 0.00000207 kg
[ron* 0.00243 kg
Lead 0.0000164 kg
Magnesium* 0.0152 kg
Manganese* 0.000466 kg
Molybdenum* 0.0000158 kg
Nickel* 0.0000328 kg
Nitrogen 0.548 kg
Other 8.654 kg
Phosphorous 0.0159 kg
Potassium* 0.0556 kg
Sodium* 0.0189 kg
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Substance Quantity Unit

Tin* 0.000505 kg
Titanium* 0.0000366 kg
Vanadium* 0.000253 kg
Water** 84.39 kg
Zinc* 0.00134 kg
Total 97.9 kg

Source: Lenter, 1981

* Quantity represents urine for a child. This data is based on an adult composition
that has been multiplied by the ratio of baby body weight to adult body weight.
Average adult weight was assumed to be 70 kg and average baby weight to be 9.69
kg, using baby growth charts (50" percentile), see Figure 1.1.

** The remainder of the total volume is assumed to be water.

14
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Weight
(kg)

0 5 10 15 20 25 30
Age (months)

Figure 1.1 Baby growth chart (50th percentile)

Generated from: NCHS/WHO reference data for the weight and height of children.
(www document) http://www.who.int/nutgrowthdb/reference.html

1.3.2 Disposables

Disposables can be divided into the following categories:
e the super-absorbent nappy (ultras); and

e the basic nappy (no super-absorbent polymer, relying on fluff pulp for
absorbency).
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Ultras are the dominant type of disposable nappy on the market in terms of sales,
accounting for 94 per cent of the market in 1999 (MINTEL, 2000). Disposable
nappies are sold in a number of sizes for different weights of babies, the most
popular size range being for babies between 20 and 40 Ibs in weight (MINTEL,
2000). The basic nappy is considered a niche market as none of the major
manufacturers produce these nappies and it is therefore not representative of the
market.

1.3.3 Reusables

Today’s reusable and washable cotton nappies come in a variety of forms and are
nearly all fitted and fastened with poppers or velcro straps instead of pins. There are
many different reusable nappy systems, which can be divided into the following broad
categories:

e all-in-ones - shaped, fitted nappies with velcro or popper fastenings, which have
a built-in waterproof cover. No folding or pinning is required;

e shaped nappies - similar to all-in-ones, but without the built-in waterproof cover
which is purchased separately (wraps/pants). These do not require folding. They
are fastened by velcro or poppers; and

o flat nappies - terry/wrap around/prefold - require folding and a separate
waterproof wrap/pant, with fasteners used in some cases.

All-in-one nappies are similar in appearance to disposable nappies, comprising an
absorbent layer with an integral waterproof wrap/pant. They are usually fastened
with velcro. They are slower to dry because the waterproof layer reduces drying
efficiency.

Shaped nappies are generally considered easier to use than flat/prefold nappies, in
that no folding is required. Some have velcro or popper fastenings, and others rely
on the wrap/pant to hold them in place.

Terry nappies are made of 100 per cent terry towelling squares. Terries can be
folded in a number of ways to suit different size babies. Terries are considered to be
quick drying.

Prefold nappies are made from woven cotton and consist of a large rectangle of
fabric that has been folded and stitched into three panels, the centre panel being
thicker than the two outer panels. Prefolds are considered quick drying.

Traditionally, terries were fastened with safety pins, but plastic grips/wraps/pants are

now generally used to fasten terries. Prefold nappies are designed to be used
without fasteners and are held in place by the wrap/pants.
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1.33.1 Wraps/Pants and liners

Wraps/pants are made of a number of different materials and combinations of
materials, such as: nylon; polyvinyl chloride (PVC); ethylene vinyl acetate (EVA);
polyester; cotton; wool; hemp; and polyurethanes. Wraps/pants are not considered
as durable to washing, drying and wear as nappies, and hence they may need to be
replaced at regular intervals. Wear is dependent on the care they receive. Following
manufacturers’ care guidance is essential for maximising their life. Some
wraps/pants are adjustable and are designed for use from birth to potty; others are
replaced when necessary to fit a growing baby. Generally, three different sizes will
be needed over the period of a baby’s use of nappies.

In combination with the nappies and wraps/pants, parents can use liners and booster
pads to improve performance and ease of cleaning. Liners are used to provide a
drier layer between the baby and the absorbent nappy, to assist in containment of
faecal matter and for ease of cleaning. Liners come in reusable or disposable forms.
Materials that are used include paper, polypropylene, fleece and silk. Depending on
circumstances and on the baby, it is sometimes necessary to boost the performance
of a nappy by doubling up nappies to increase absorbency or to use specifically
manufactured booster pads.

1.3.4 Market share

There are three main manufacturers and suppliers of disposable nappies in the UK:
Procter & Gamble; Kimberly Clark; and SCA Hygiene. Together with other smaller
brands of disposable nappies, the total number of disposables sold annually in the
UK is approximately 2.47 billion (Absorbent Hygiene Products Manufacturers
Association (AHPMA)). At an average weight of 44.6 g (UK average weight, 2001),
this would equate to a total sold of approximately 110,000 tonnes per annum that will
become waste after use (not including excreta). Together, Procter & Gamble and
Kimberly Clark account for approximately 75 per cent of the market and SCA account
for most of the rest (MINTEL, 2000). Both Kimberly Clark and Procter & Gamble
manufacture disposable nappies in the UK, whilst SCA manufactures nappies on
mainland Europe.

Although no published market data has been found, various informed views refer to a
market penetration for reusables of between 5 per cent and 15 per cent of babies
(Environment Agency, 2004). However, recent research by the Environment Agency
determined market share to be less than 4 per cent (Environment Agency, 2004).
There has been an expansion in the number of suppliers in the UK over the last few
years, which may suggest the market share is growing.

The major retail routes for reusables appear to be through high street shops, mail
order, via the internet and from nappy sales agents, while a nappy home delivery and
collection service is provided by nappy laundries (effectively nappies are rented on a
weekly basis).

Commercial nappy services that involve a centralised laundry are gaining in
popularity and coverage in the UK. A bin is provided by the laundry service for the
collection of dirty nappies and for the delivery of washed and dried nappies on
assigned days.
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1.4 Previous studies

Previous studies provide us with an indication of the significance of the various life
cycle stages and the critical issues that affect the results of an LCA study of nappies.

For both disposable and reusable nappies, raw material production and
manufacturing have been identified as significant aspects of the life cycle. For
disposables, it has been suggested that end of life is significant. For reusables, the
use stage has been identified as significant due to the energy, detergent and water
requirements of laundering operations and the subsequent treatment of wastewater.

Omissions from previous studies include the environmental impacts of waste
disposal, both solid and liquid wastes, and retail and consumer transport steps.

The main issues that have been identified from previous studies as having a
significant influence on results are:

the daily number of changes for each system;
e the number of reusable nappies required over a given period,;

e consumer care parameters (washing temperatures/wash loads/wash
frequency/drying method/detergent loading etc.);

e reusable nappies are sometimes doubled up to provide sufficient absorbency; and

e reuse assumptions for reusables once they are no longer required by the child.

Previous studies have provided data regarding the daily consumption of disposable
and reusable nappies during the period in which a child is in nappies. The number of
disposable nappies used per day in the previous studies (see list in Section 4.1)
ranged from 4 to 6.4 as an average for the 2.5 year period. The corresponding range
for reusable nappies is 5.8 to 12.2.

When determining the number of nappy changes per day, a number of different
factors must be taken into account. The age of the child will be a key determinant of
the number of changes, as a younger child is generally changed more frequently
than an older child. Disposable nappies, due to the absorbency of fluff pulp and
sodium polyacrylate (super absorbent polymer or SAP) can contain large volumes of
liquid. This absorbency is reflected in the lower change frequency that is reported for
disposable systems when compared with reusable systems. To increase absorbency
at night time, a reusable nappy may be used with a booster pad or another nappy,
although this is dependant on the type of reusable nappy. Consequently, the total
number of nappies used per day may be lower for the disposable system.

In previous studies, the manufacture of disposables is well reported and quantified.
However, there is a lack of data regarding cotton production and reusable nappy
manufacturing. For disposable nappies, there is a lack of data describing the
behaviour of disposable nappies and their contents when they are disposed. For
reusable nappies, there is a lack of data regarding the management of the excreta at
waste water treatment plants.
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This study aimed to obtain data to fill these gaps and to obtain new and up to date
information regarding consumer use characteristics in the UK. The study also
addresses, through sensitivity analysis, critical assumptions for which data are not
available. The study includes all life cycle stages and conforms to the international
standards for LCA.
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2 Goal of the study

The international standard ISO 14041 (ISO, 1998) requires that the goal of an LCA
study shall unambiguously state the intended application, the reasons for carrying out
the study and the intended audience.

The goal of this study is to assess the potential life cycle environmental impacts
associated with using disposable and reusable nappies in the UK in 2001-2002.

The goal of the study has been split into the following objectives:

e to compile a detailed life cycle inventory of the environmental burdens associated
with the production, use and disposal of reusable and disposable nappies,
considering various options for cleaning of reusable nappies, and disposal options
for disposable nappies; and

e to use the life cycle inventory data to compare the potential environmental impacts
arising from reusable and disposable nappies under the various scenarios
considered.

The LCA study will be used to report the environmental aspects associated with the
life cycles of reusable and disposable nappy systems to the Environment Agency and
to a wider audience. As this study will be used externally, it has undergone critical
review by an external reviewer in accordance with 1ISO14040.
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3 Scope

The scope of the study addresses the following items:

e the functions of the product systems;

e the functional unit;

e the product systems to be studied;

e the product system boundaries;

¢ allocation procedures;

¢ types of impact and methodology of impact assessment, and subsequent
interpretation to be used;

e (data requirements;

e assumptions;

e limitations;

e initial data quality requirements;

e type of critical review; and

e type and format of the report required for the study.

3.1 Functional unit

Previous life cycle studies that have compared the environmental profiles of
disposable and reusable nappies have used various functional units. Some of these
have defined a time period while others have chosen to look at a specific number of
nappy changes.

The function that is appropriate to the goals of the study is defined as “the use of
nappies during the first 2.5 years of a child’s life, in the UK, for the period 2001-
2002”. This functional unit will result in a specific quantity of disposable and reusable
nappies used within the time period of 2.5 years.

The reason for focussing on the first 2.5 years is that by this point nappy use is tailing
off, and beyond this point nappy use varies considerably between individuals. This
approach takes into account the range of sizes and fluctuations in user patterns that
may occur during the total period a child is in nappies.

This functional unit was agreed by the Project Advisory Board.

The Environment Agency commissioned surveys of both disposable and reusable
nappy use. These surveys (Environment Agency, 2004) determined that the average
child is out of nappies at 2 years 2 months (same for both type of nappy) and that
after 2.5 years 95 per cent of all children are out of nappies. The study reflects the
first 2.5 years of an average child’s life in the UK. Therefore, the systems modelled
take account of those children who stop using nappies earlier than 2.5 years, see
Table 3.1.
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The time children spend in nappies is specific to the individual, but the majority of
children have undergone toilet training under the age of 2.5 years. Although they
may still use training pants or overnight nappies for a significant period beyond this
point, the use of these types of products is outside the scope of this study.

Table 3.1 Children wearing nappies by child age (all types of nappy)

Age of child Children wearing Children not wearing
nappies (%) nappies (%)
up to 6 months 100.0% 0.0%
6 to 12 months 95.7% 4.3%
12 to 18 months 82.8% 17.2%
18 to 24 months 45.6% 54.4%
24 to 30 months 17.6% 82.4%
30 to 36 months 4.8% 95.2%
36 to 42 months 1.8% 98.2%
42 to 48 months 0.4% 99.6%
48 to 54 months 0.1% 99.9%
54 to 60 months 0.1% 99.9%
60 to 66 months 0.1% 99.9%

Source: The Environment Agency surveys (Environment Agency, 2004)

Note: The surveys showed that there is no difference in age out of nappies between children
using reusable or disposable nappies. The figures in the table are for disposable nappies for
which there were more results but were applied to all children.

3.2  Product systems and system boundaries

The system boundaries define the life cycle stages and unit processes to be studied
and the environmental releases (e.g. carbon dioxide, methane etc.) and inputs (e.g.
coal reserves, iron ore etc.) to be included in the evaluation. System boundaries

should be defined in such a manner that the inputs and outputs from the system are

elemental flows (3).

The aim of the study is to include all the significant processes, tracing material and
energy flows to the point where material and energy are extracted or emitted to the
natural environment.

The objective of the project was to assess a typical disposable and a typical re-
usable, taking into account ‘all in one’ type nappies and the flat nappies with a
wrap/pant.

(3) An elemental flow is material or energy entering the system being studied, which
has been drawn from the environment without previous human transformation, or it is
a material or energy leaving the system being studied, which is discarded into the
environment.
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It was the ambition of this study to be representative of the UK situation, in 2001-
2002, and to reflect the nappies that are used in the UK. The study reflected the UK
situation by assessing the average nappy systems in use in 2001-2002. By average,
we mean in terms of weight, composition, manufacturing processes and use
characteristics.

This study addressed flows to and from the environment for each life cycle stage.
However the study excluded the environmental implications of land occupation and
use, for example, the implications of alternative land use and the effects of land use
changes were excluded. The systems assessed were considered to be steady state.

3.2.1 Average systems

To study average systems, a substantial amount of data and statistics for nappies
used in the UK was collected to ensure that the study was representative of UK
usage.

The main disposable nappies in the UK are very similar. Due to their similarities in
terms of composition and use, it was practicable and reasonable to assess an
average disposable nappy sold in the UK. A calculated average nappy, in terms of
composition and weight sold in the UK, in a particular year, can be assumed to be an
accurate representation of the nappies used by a child over its first 2.5 years of life.
A methodology to specify the average disposable nappy in the UK was developed by
ERM and applied by the disposable nappy manufacturers. Table 3.2 shows the
results of this process.

With regard to reusables, the picture was more varied, due to the diverse range of
products and combinations (wraps/pants, liners and booster pads) in use. The lack
of market data and user surveys regarding popularity made it difficult to define typical
systems. As a result, ERM conducted a survey of reusable sales by nappy type in
the UK in order to define an average reusable nappy for this study. The survey
ascertained that the most popular type of nappy in the UK is the terry nappy, and the
most popular wrap/pant is the plastic waterproof wrap/pant. Terry nappies accounted
for approximately 37 per cent of reusable nappy sales, with prefolds totalling 25 per
cent. Shaped and ‘all-in-ones’ had similar sales of approximately 20 per cent each.

The Environment Agency surveys (Environment Agency, 2004) showed that terry
nappies were the most popular and prefold nappies a close second amongst the
survey population. ‘All-in-ones’ were by far the least popular.

On the basis of these surveys, it was agreed that both terry and prefold nappy
systems should be studied.

The surveys undertaken on behalf of the Environment Agency also provided data on
how nappies are used and cared for, the use of liners and booster pads, the number
of changes and the types of wraps/pants and waterproof pants used.

The survey identified that terry users own on average 31.2 nappies at any one time.

However, the survey failed to ascertain how many were purchased in total, by users,
over the 2.5 years. We have assumed that the maximum owned in any one six
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month period reflects the total purchased. This equated to 47.5 nappies. This figure
Is not considered to be robust due to the limited number of data points, but it is
believed to be reasonable when one considers that 31.2 terry nappies are owned at
any one time. The majority of users do not use booster pads but do use disposable
liners. 88 per cent of reusable nappy users use disposables as well as reusables.
The most popular wraps/pants amongst terry nappy users were PVC wraps.

The nappy systems assessed include all life cycle stages. All energy and materials
used were traced back to the extraction of resources. Emissions from each life cycle
stage were quantified. Waste management processes (landfilling, incineration and
waste water treatment) were also assessed.

The Environment Agency surveys of consumer use have been used to define the
nappy systems modelled (Environment Agency, 2004).

3.2.2 Disposable nappy system

Most of the disposable nappies that are sold in the UK are also manufactured in the
UK, although several raw materials are obtained from other European countries or
from North America.

Disposable nappies are based on two main materials; cellulose fibres and polymers.
The core is composed of fluff pulp and SAP, which is a water absorbing polymer. The
function of the core is to absorb and contain liquid excreta. The top layer, referred to
as ‘non-woven’, is a polymer-based material with a textile structure. From the top
layer, the fluids flow through a pulp-based tissue layer down to the core. Leakage is
minimised by a plastic bottom layer and by elastic barriers. The nappy is prevented
from falling off by rubber waist elastics and is fastened around the child’s waist by
non-woven based hook and loop detalils.

The different materials in the nappies are glued together with polymer-based
adhesives. The packaging consists of polyethylene plastic bags and corrugated
board boxes. Nappies are sold in different pack formats, of which the convenience
pack (one week’s supply), the economy pack (2 weeks’ supply) and the Quattro pack
(3 weeks’ supply) are the most common.

Table 3.2 presents the average composition of a UK disposable nappy for 2001-
2002. Table 3.3 presents the average composition of European disposable nappy in
2000.

Table 3.2  Average UK disposable nappy composition and weight (2001-
2002)

Average wt Fluff Pulp SAP LDPE PP Elastic Adhesives Other
g % % % % % % %
44.64 42.77 27.63 7.74 15.25 0.53 2.99 3.09

LDPE: Low Density Polyethylene
PP: Polypropylene
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Table 3.3  Average European (UK included) disposable nappy composition
(2000)

Nappy Component Details Composition

Core Consists mainly of fluff pulp (43% of 70%
a nappy) and super absorbent
material (27% of a nappy).
Absorbance and retention of urine.

Polypropylene Polypropylene topsheet protects skin 10%
from wetness

Polyethylene Polyethylene backsheet provides 13%
leakage protection

Other Consists of tapes, elastics and 7%
adhesives

TOTAL 100%

Average weight of a 45-50 g

nappy

Source: EDANA, 2001.

The nappies are distributed from the manufacturers either directly to retailers
(grocery/supermarket chains, independent grocers or chemists), or via distribution
centres maintained by the manufacturers. Customers buy their nappies at the retailer
and transport them home for use. Used nappies (containing excreta) are discarded
along with other municipal waste and will later on end up disposed either to landfill or
to incineration. In the UK, approximately 8 per cent of municipal waste is incinerated.

Figure 3.1 details the main life cycle stages that will be included in the life cycle of
disposable nappies. Due to the complexity of the product system, it is impractical to
draw a full system diagram that includes all the processes where human influence
occurs, although they have been included in the study.

Life Cycle Assessment of Disposable and Reusable Nappies in the UK 29



Environment: Resources

Timber Production of Feedstock Acrylic Acid NaOH O
E production Polymers Production Production T
N T T T T H
E E
R Production of l R
G Pulp Production Plastic SAP Packaging
v & Bleaching Components Production Production
T T T T P
R
S < o)
U Waste T Dis i il i
posable Nappy Production Landfill D
Recycling
P U
P T C
L T
Y Electricity -
Generation Retail
Waste S
S T Recycling Y
Y S
S Use T
T E
T
E M
Y s
S

Environment: Air, Land and Water

Note: the main transport steps (marked with a T) between processes and life cycle stages
have been included in the assessment. Waste management associated with production
and the supply chain has also been included in the assessment.

Figure 3.1 Outline system diagram for the disposable nappy system
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3.2.3 Home laundered reusable nappy system

Figure 3.2 details the main life cycle stages that have been included in the life cycle
of home laundered reusable nappies. Due to the complexity of the systems reported
in the surveys, a terry system has been defined according to the dominant use
characteristics identified in the surveys, this system has then been tested through a
number of scenarios (developed from the survey) in sensitivity analysis.

Most of the terry nappies that are sold in the UK are believed to be manufactured
outside of the UK, in areas associated with cotton growing and textile production
such as Pakistan, China and the USA. However, there are terry nappy
manufacturers in the UK.

Cotton is a perennial crop, with mature cotton bolls harvested mechanically and
transported to a ginning plant where the cotton fibre is separated and baled. The
cotton bales are then transported to textile manufacturers or yarn spinning plants,
where they are opened, the cotton fibre is carded and spun into yarn. The yarn is
then woven into terry towelling, cut and stitched. The nappies are then packaged
and dispatched to customers.

Consumers purchase the terry nappies and associated accessories, such as wraps
and liners, from retail outlets such as supermarkets, high street stores, chemists and
via the internet.

During use, terry nappies are generally soaked in a solution of sanitising fluid prior to
washing. Nappies are washed in washing machines and either tumble dried or air
dried.

The bins used for soaking nappies are commonly household buckets/bins used for
other purposes. It has been decided to omit the manufacture of these bins, as their
contribution is considered insignificant, particularly if they may be used for other
functions.
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production and the supply chain have also been included in the assessment.

Figure 3.2 Outline system diagram for home laundered reusable nappy
system’

3.2.4 Commercially laundered nappy system

Laundering services for nappies operate throughout the UK and use prefold or
shaped cotton nappies. The Environment Agency surveys (Environment Agency,
2004) identified prefold nappies as dominant amongst commercial laundry users. A
week’s supply of nappies is delivered to the door, and at the same time the previous
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week’s soiled nappies are collected and delivered to a laundry. Wraps/pants are
cleaned in the home.

Prefold nappies are made from cotton in a similar way to terry nappies, see Section
3.2.3. Nappies are hired to customers. Service providers also retail liners and wraps
to customers. Figure 3.3 details the main life cycle stages that have been included in
the life cycle of commercially laundered reusable nappies.
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Note: the main transport steps between processes and life cycle stages have been
included in the assessment. Waste disposal associated with production and the
supply chain have also been included in the assessment.

Figure 3.3 Outline system diagram for commercially laundered reusable
nappy system
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3.3 Allocation

Some processes may yield more than one product and they may also recycle
intermediate products or raw materials. When this occurs, the LCA study has to
allocate material and energy flows, as well as environmental releases, to the different
products in a logical and reasonable manner.

Where the need for allocation presents itself, then the inputs and outputs of the inter-
related product systems have been apportioned in a manner that reflects the
underlying physical relationships between them. However, there are certain
circumstances where this is not appropriate or possible to do. In the study, an
allocation has been conducted for retail energy use using an economic approach.
Allocation methods have been documented in the inventory analysis.

34 Inclusions/exclusions

3.4.1 Capital equipment

All equipment necessary for any process involved in the life cycle of disposable or
reusable nappies is referred to as capital equipment. Examples of capital equipment
are:

e washing machines;

e harvesting/forestry machines;

e factory buildings;

e process equipment, e.g. boilers, fans, pumps, pipes etc.; and
e vehicles.

To satisfy the general belief that the production of capital equipment is likely to be
insignificant, some previous life cycle studies were consulted. The findings were as
follows.

e 1In 1992, the PA Consulting Group showed, in a life cycle assessment study on
washing machines, that the energy consumption of a washing machine is
approximately 23 times higher during the use phase compared to the production
phase (PA Consulting Group, 1992).

e Alife cycle assessment on forestry harvesting machines in 2001 showed that the
fossil energy consumption, and hence the global warming potential, associated
with the production phase constituted approximately 2-3 per cent of the
consumption during the whole life cycle (Cranab AB, 2001).

¢ Inthe LCAs performed by Volvo Trucks, the use phase of a truck contributes more

than 90 per cent of the environmental burden of the whole life cycle (Volvo Trucks,
2001).
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Based on the conclusions of these studies, it was decided to exclude environmental
burdens associated with the production of capital equipment.

3.4.2 Workforce burdens

It is not common practice when conducting LCAs to include an assessment of human
labour burdens, due to difficulties in allocation, drawing boundaries, obtaining data
and differentiating between labour and capital equipment.

For product LCAs where products and production processes are similar, it is
reasonable to assume that human labour is the same for each product system, in
which case it is reasonable to exclude human labour from the study. This
assumption needs to be tested as product systems diverge.

We have excluded human labour as being outside the scope and resources of this
project.

3.4.3 Excreta

As discussed in Section 3.1 on the functional unit, excreta must be considered within
the system boundaries when comparing disposable and reusable nappy systems.
The main reason for this is that both nappies and the excreta undergo completely
different types of waste treatment due to the different characteristics of the systems.

Since many users of disposable nappies have chosen the products, at least partly, for
convenience reasons, we believe it is reasonable to assume that all excreta will be
disposed together with the nappies. Consequently, excreta will follow the household
waste stream all the way from the nappy waste bin in the home to landfill and
incineration facilities.

For users of commercial laundered and home laundered reusable nappies, a
proportion of the excreta will be flushed down the toilet, together with soiled
disposable liners, before the nappies are washed. This effluent will enter the
sewerage system. The remaining excreta will enter the sewerage system through
the washing machine outflow or from rinsing and soaking. Sewage treatment has
been modelled on the basis of typical sewage treatment processes in the UK.

3.5 Key assumptions and limitations

All assumptions have been recorded and reported in this report. All key assumptions
have been tested through sensitivity analysis, see Section 9. Through a review of
previous studies, it has been ascertained that the number of nappy changes and
consumer use characteristics are critical to the results.
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3.6 Initial data requirements

In addition to collecting data describing the use and manufacture of the nappy types
to be assessed, the following were identified as key elements for which inventory
data are required:

e UK electricity generation (2001-2002) by type (e.g. coal, gas, nuclear, hydro, wind
etc.);

e cotton growing and fabric production;

e detergent manufacture;

e water treatment;

e sewage treatment;

e waste management;

e nappy materials manufacture;

e reusable use scenarios; and

e other commodity material inputs to the systems.

3.6.1 Data quality requirements

The key requirements regarding data quality were that they were representative of
nappies used in the UK in 2001-2002.

Data were collected mainly from the following sources:

e (uestionnaires and interviews with experts regarding the main life cycle stages;

¢ validated life cycle inventory databases for commodity material and energy inputs
to the stages; and

e published literature describing the inputs and outputs from life cycle stages.

The data collected and used for this study have been documented and reviewed with
regard to quality by ERM and the peer reviewer.

3.6.2 User surveys

Due to the lack of information regarding the use of nappies on children, the
Environment Agency commissioned some guestions in the National Statistics
Omnibus Survey (June 2002 — February 2003) in relation to the use of reusable and
disposable nappies (by children). The survey addressed the types of nappies being
used, the average number of changes per day and the age at which children stop
using nappies.

Insufficient users of reusable nappies were found in the Omnibus survey, so a

second survey targeted at reusable nappy users was commissioned. TEST
Research conducted face to face interviews (March - April 2003) with 183 parents.
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The purpose of this survey was to establish the types of reusable nappies being
used, how they were being used and what other products were being used in support
of the nappies, i.e. wraps, booster pads, liners, detergents etc.

The survey findings have been published by the Environment Agency (Environment
Agency, 2004).

3.6.3 Data for disposables

The manufacturers of disposables have supplied data describing the average
composition and weight of a disposable nappy in 2001-2002, and the average
manufacture of disposable nappies. In addition to this, the average weight of
packaging by material type that is associated with an average nappy has also been
provided.

ERM has been provided with access to the EDANA (European Disposables and
Nonwovens Association) life cycle inventories for material inputs to the manufacturing
processes. The EDANA database has been developed by IFEU (Institute for Energy
and Environmental Research). IFEU are an internationally respected organisation in
the field of LCA, and are involved in the development of LCA methodology,
conducting LCAs and peer reviews of LCA studies. IFEU were commissioned by
EDANA to generate life cycle inventories for all materials associated with the
manufacture of disposable nappies. The inventories have been generated by
collating data from the producers of nappy manufacturing materials.

The WISARD software (Ecobalance, 1999) and supporting literature has been used
to model the disposal of disposable nappies.

3.6.4 Data for the home laundered reusable nappy system

The surveys conducted by ERM and the Environment Agency (Environment Agency,
2004) were used to define typical nappy systems. For the specified nappy types,
ERM has undertaken a survey to specify the average composition and weight of a
nappy and the associated wraps/pants.

To assist ERM in defining the manufacturing process for the reusable nappy system,
a survey of nappy manufactures was undertaken. ERM provided questionnaires to
over thirty manufacturers, and received, in return, only one complete response.

The ERM sales survey determined that the majority of reusable nappies are
purchased from high street shops.

From the Environment Agency surveys, a profile of how nappies are used was
generated.

ERM obtained UK data regarding sewage treatment, waste management, washing
machine and tumble drier performance.
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3.6.5 Commercially laundered nappy system

To assess commercially laundered nappies, we surveyed 22 laundry service
providers. Four provided us with usable data regarding collection vehicles, collection
distances, nappy usage and laundering activities.

3.6.6 Temporal, spatial and technological scope

The geographical coverage is defined as the use of nappies in the UK in 2001-2002.
However, raw material production and some processing occurs outside of the UK.
The technologies to be assessed will be representative of the product systems
assessed. However, an indication of the age and classification of the technologies
has been included in the study.

The geographic, temporal and technological scope of the data has been recorded.

3.7  Inventory analysis

Inventory analysis involves data collection and calculation procedures to quantify
relevant inputs and outputs of a product system. For each of the nappy systems
assessed, inventories of significant environmental flows to and from the environment,
and internal material and energy flows, have been produced. Significance was
determined by threshold (more than 1 per cent of inputs) and environmental
significance (potential for harm). This has been achieved through the collection of
data specific to the processes of each product system.

Data sources include both specific and representative data. It was the ambition of
the LCA practitioners to collect specific data relating to the life cycle stages.
However, proprietary life cycle databases have been used for common processes,
materials, transport steps and electricity generation. Where data are missing,
estimates based on literature and previous studies have been made.

The inventories that have been generated provide data on hundreds of internal and
elemental flows for each nappy system. Summary inventory for the three systems
have been provided in Annex A. However, based on a review of previous studies
and the views of the advisory board, the following flows have been analysed in detalil,
for each nappy system:

e Water use;

o fossil fuel use;

e solid waste (internal flow);

e COD;

e BOD;

¢ non-renewable CO, emissions;
e CH, emissions;

e NO

e NOyas NO;; and

e SO, emissions.
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Water use has been reported in terms of total water use and water used by the main
life cycle stages.

In addition, internal waste flows have been reported in terms of total solid waste
generation and solid waste generation from the main life cycle stages.

Energy consumption of the main life cycle stages has also been reported, in terms of
the electricity and fuel consumed in the manufacturing and use of nappies. However,
more detailed analysis of energy consumption has not been assessed as energy is
generally an intermediate flow, the interaction with the environment is due to resource
consumption (e.g. coal use) and combustion products (e.g. COy).

3.8 Impact assessment

The impact assessment phase of an LCA assigns the results of the inventory analysis
to different impact categories. The following steps are mandatory:

¢ selection of impact categories and characterisation models;

¢ classification, the assignment of LCI results; and

e characterisation, the calculation of inventory burdens potential contribution to
impacts.

Selection of appropriate impact categories is an important step in an LCA. We
assessed the contribution of each system to the following impact indicators, which we
believe address the breadth of environmental issues and for which thorough
methodologies have been developed. The study employed the problem oriented
approach for the impact assessment, which focuses on:

¢ global warming;

e o0zone depletion;

e photo-oxidant formation;

e depletion of abiotic resources;

e eutrophication;

e acidification;

e human toxicity; and

e aquatic and terrestrial toxicity measures (4).

For some impact categories, particularly human toxicity and aquatic and terrestrial
eco-toxicity, a number of simplifying assumptions are made in the modelling used to
derive characterisation factors. As a result, their adequacy in representing impacts is
still the subject of some scientific discussion. However they are still widely used, and
we have therefore included them in the assessment as issues of interest,
accompanied by caveats describing their deficiencies. The impact assessment
reflects potential, not actual, impacts and it takes no account of the local receiving
environment.

(4) See Annex B for further description of these impact categories.

Life Cycle Assessment of Disposable and Reusable Nappies in the UK 39



The methodology that we used is that developed and advocated by CML (Centre for
Environmental Science, Leiden University) and which is incorporated into the

SimaPro (5) LCA software tool. The version contained in the software is based on
the CML spreadsheet version 2.02 (September 2001) as published on the CML web
site and which replaced the preliminary version.

The method used for each impact category for classification and characterisation has
been described in Annex B.

According to 1ISO 14042 (1SO, 2000), the following steps may be included but are not
mandatory:

e normalisation;

e grouping;

e weighting; and

e data quality analysis.

Whilst some of the category indicator results have been normalised and data quality
analysis undertaken, grouping and weighting of indicator results has not be
undertaken as part of this study. An important part of the purpose of the study is to
indicate the advantages and disadvantages of each system examined in respect of
each environmental impact identified, and to highlight hotspots in each system.
Neither the Environment Agency, nor the consultants, nor the Advisory Board has any
remit to rank the impact categories in order of importance; so weightings have not
been applied. Most benefit is obtained by focusing on the quantitative output from
LCAs. Therefore, for all three systems, the impacts have been presented separately
and an in-depth analysis of each has been made.

3.9  Sensitivity analysis

Key variables and assumptions have been tested to determine their influence on the
results of the inventory analysis and impact assessment.

Key areas that have been identified for sensitivity analysis include number of
changes and several consumer care characteristics. Due to the permutations
associated with reusable nappy systems, sensitivity analysis has formed a significant
proportion of the work for this study.

Conclusions made in the study draw on both the primary results for the systems
assessed and the variations that result through the sensitivity analysis.

(5) PRé Consultants bv - Plotterweg 12 - 3821 BB Amersfoort - The Netherlands
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3.10 Peer review

In accordance with 1ISO14040, the study has been peer reviewed by an external
reviewer. This reviewer’s report is included in the final report and details ERM’s
responses to the review (see Annex C)

The reviewer has addressed the issues below:

for the goal. and scope:
ensure that the scope of the study is consistent with the goal of the study, and that
both are consistent with ISO 14041; and

prepare a review statement on the goal and scope.

for the inventory:
review the inventory for transparency and consistency with the goal and scope
and with 1SO14041;

check data validation and that the data used are consistent with the system
boundaries. Itis unreasonable to expect the reviewer to check data and
calculations beyond a small sample; and

prepare a review statement.

for the impact assessment:
review the impact assessment for appropriateness and conformity to 1ISO14042;
and

prepare a review statement.

for the interpretation:
review the conclusions of the study for appropriateness and conformity with the
goal and scope of the study; and

prepare a review statement.

for the draft final. report:

review the draft final report for consistency with reporting guidelines in ISO 14040
and check that recommendations made in previous review statements have been
addressed adequately; and

prepare a review statement including consistency of the study and international
standards, scientific and technical validity, transparency and relation between
interpretation, limitations and goal.
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4 Inventory analysis: disposable
nappy system modelling

The disposable systems modelled reflect the average child’s use of disposable
nappies during the first 2.5 years. This child therefore represents children who stop
wearing nappies earlier than 2.5 years, see Section 3.1.

This chapter describes both the disposable nappy life cycle system assessed, and
the process data and the inventories used to generate a complete life cycle inventory
for the system assessed, this information is summarised in Table 4.5.

The UK sales figure for disposable nappies in 2001-2002 provided an average daily
use figure of 4.16 nappies a day, based on a market penetration of 96.4 per cent
(Environment Agency, 2004). The Environment Agency surveys (Environment
Agency, 2004) suggested a change frequency, for disposable nappy users, between
4.05 and 4.4 per day over 2.5 years. Due to the clarity of the survey questions and
responses, the Agency statistician deemed a daily change of 4.16 to be appropriate
and one that is supported by the surveys. An average daily change figure of 4.16
has therefore been used in the assessment of the disposable nappy system.

To determine the quantities and type of materials used to manufacture the disposable
nappies, the three largest manufacturers of disposable nappies were provided with
guestionnaires. The questionnaires also addressed all other production process
consumption data (energy, water and materials) and emissions data. The results
were then weighted by market share (units) to generate a hypothetical ‘average’
manufacturing plant.

4.1  Disposable nappy manufacturing

Table 4.1 details the inputs and outputs for the average disposable manufacturing
plant. Table 4.2 details how production waste from manufacturing is managed.

A transport distance allocation of 1000 km of transport by sea and 1000 km of road
transport has been assumed for all materials. This assumption is based on the fact
that materials are sourced predominantly from the UK and Europe. Based on
previous studies, ERM believes that transport is likely to make an insignificant
contribution to the overall environmental impacts of the systems studied.

Disposable nappies are manufactured using a continuous mechanical process. The

process is fully automated, with nappy components fed into the process and finished
packaged nappies produced at the end.
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Table 4.1  Average manufacturing plant: input/output data per tonne of
nappies

INPUTS Quantity Unit OUTPUTS Quantity  Unit
Materials Materials

Fluff pulp 425.9 kg Fluff pulp waste: recycled 18.1 kg
SAP 310.0 kg SAP waste: recycled 22.3 kg
PP 144.4 kg PP waste 15.1 kg
PE 116.5 kg LDPE waste 21.1 kg
Adhesives 31.3 kg Adhesive waste 4.3 kg
Calcium carbonate 22.1 kg Calcium carbonate waste 0.4 kg
PDT PET 13.3 kg PDT PET waste 0.6 kg
Tape 10.5 kg Tape waste 0.2 kg
Polyester 4.6 kg Polyester waste 0.9 kg
Elastic 4.1 kg Elastic waste 0.1 kg
Lotion 0.1 kg Lotion waste 0.0 kg
Total 1083.0 kg Total 83.0 kg
Associated Associated packaging

packaging

Stretch wrap 0.64 kg Stretch wrap waste 0.64 kg
Paper board 9.65 kg Paper board waste 9.65 kg
Wood (pallets) 5.94 kg Wood (pallets) waste 5.94 kg
Metal (bale wire) 0.69 kg Metal (bale wire) waste 0.69 kg
Total 16.92 kg Total 16.92 kg
Others Nappies 1000.00 kg
Water (mains 440.3 litres Transit packaging: 30.0 kg
supply) Shrinkwrap

Electricity (National 674.2 kWh Polyethylene 16.0 kg
Grid)

Natural gas 49.7 kWh Water to sewer 440.26 litres
Product packaging: Product packaging:

Primary/secondary Primary/secondary

HDPE 5.82 kg HDPE 5.82 kg
Cardboard 7.31 kg Cardboard 7.31 kg
PE 4.60 kg PE 4.60 kg
Total 17.73 kg Total 17.73 kg
Transit packaging Transit packaging

Polyethylene 32.76 kg Polyethylene 32.76 kg
Cardboard 17.41 kg Cardboard 17.41 kg
Total 50.17 kg Total 50.17 kg

Source: Manufacturers of Disposable Nappies
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Table 4.2 Manufacturing waste management per tonne of nappies produced

Materials Quantity kg Landfill kg Recycling kg
Fluff pulp waste 18.1 13.5 4.5
SAP waste 22.3 16.7 5.6
PP waste 15.1 3.8 11.3
LDPE waste 21.1 5.3 15.8
Adhesive waste 4.3 4.3 0.0
Calcium carbonate 0.4 0.4 0.0
waste

PDT PET waste 0.6 0.2 0.5
Tape waste 0.2 0.2 0.0
Polyester waste 0.9 0.2 0.7
Elastic waste 0.1 0.1 0.0
Lotion waste 0.0 0.0 0.0

Associated packaging

Stretch wrap waste 0.64 0.64
Paper board waste 9.65 9.65
Wood (pallets) waste 5.94 5.94
Metal (bale wire) waste 0.69 0.69

4.1.1 Water inventory

Based on data published by Water UK (Water UK, 2003), we have allocated 0.601
kWh per m® of water supplied. We have assumed that the energy used is electricity.
For every m® of water supplied, 0.12 kg of sludge is generated.

Based on data provided by Water UK (Water UK, 2003), we have allocated 0.598
kWh per m® of sewage treated. For every m® of sewage treated, 0.5 kg of dry sludge
is produced. This equates to 12.3 kg of wet sludge per m® of sewage. Based on
published research for the UK (Huijbregts et al. 2002) we have allocated emissions of
0.0129 kg of methane per m® of sewage treated. We have also allocated 0.025 kg
BOD and 0.125 kg COD and 0.03 kg suspended solids per m® of sewage treated
(ERM estimate based on typical industry data).

4.1.2 Electricity generation

For all three nappy systems, electricity supply and generation models have been
created using fuel mix and supply efficiency data for the UK in 2001 (DTI, 2003). For

industrial facilities, we have assumed medium voltage supply. BUWAL 250 (6) life
cycle inventories for energy generation system inventories have been used in the
modelling.

(6) Environmental Series No. 250/1, Swiss Agency for the Environment, Forests and
Landscape (SAEFL) Berne, 1998
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4.2  Transport to retail outlets

In the absence of logistics data, because the effort required to collect this was not
justified on the basis of its assumed significance, it has been assumed that nappies
are transported 500 km to retail outlets in 40 tonne trucks.

4.3 Retail outlet

No data has been collected regarding the energy consumption associated with stores
retailing nappies. However, a figure was estimated on the basis of energy use in
supermarket stores. A typical supermarket store consumed 3.2 million kWh of
electricity in 1998, of which refrigeration accounted for 48 per cent and the bakery 8
per cent (J Sainsbury, 1988). If we allocate the remaining 44 per cent on a sales
basis, using an average of £29 million sales per store, this equates to 0.049 kWh per
pound sterling or 138 kWh per tonne of nappies, assuming 12.7 pence (WEN, 2004)

per nappy.

There are a number of alternative allocation methods that might be considered
appropriate for this life cycle stage, such as shelf space. No one method stands
apart as being correct and the method chosen is considered reasonable. Other
methods would require significant resources to gather the required data to no real
advantage.

4.4  Transport home

76 per cent of supermarket customers drive to the supermarket. The majority of
shoppers, 65 per cent, travel up to ten minutes and the average ‘shop’ costs £44.31
(Competition Commission, 2000). If we assume this journey is travelled at a speed of
30 mph, this equates to a journey of five miles each way. Assuming a use figure of
4.16 nappies per day and 12.7 pence per nappy (WEN, 2004), this would equate to
an 8.3 per cent allocation of the calculated road transport distance per ‘shop’ based
on cost. Assuming a once weekly shop, over the 2.5 years the child is in nappies the
car travel allocated to the purchasing of nappies equates to 108.5 miles (174.6 km).

4.5 Use

Based on an average use figure of 4.16 nappies per day, 3796 nappies would be
consumed in the first 2.5 years of a child’s life. This usage rate equates to 169.5 kg
of nappies to be purchased.

For the disposal of urine and faeces to landfill and incineration we have assessed
two scenarios, using Geigy (Lenter, 1981) and Forfar (Campbell and Mcintosh, 1998)
data; see Section 1.3.1. As there is no definitive data set Geigy data has been used
for faeces release in both scenarios. The scenarios were as follows:

e Geigy Scenario: using the Geigy (Lenter, 1981) urine and faeces data (for both

volume and composition), and assuming all excreta generated over the 2.5 year
period is captured in the nappies (i.e. no potty training). The use of 3796 nappies
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would result in 391.4 kg of nappy waste and 3.0 kg (this is only ‘use’ packaging
and does not include retail packaging) of packaging waste.

e Mixed Scenario: using the Forfar (Campbell and Mcintosh, 1998) urine data (for
urine volume and composition) and Geigy (Lenter, 1981) faeces data (for faeces
weight and composition), and assuming all excreta generated over the 2.5 year
period is captured in the nappies (i.e. no potty training). The use of 3796 nappies
would result in 537.6 kg of nappy waste and 3.0 kg of nappy packaging waste.

4.6  Disposal

In the UK in 2000, approximately 8 per cent of municipal solid waste was incinerated
and 80 per cent landfilled. The remainder was recycled or composted, neither of
which are currently suitable for managing used disposable nappies in the UK. We
have therefore assumed that 9 per cent of the waste generated in the use phase is

incinerated and 91 per cent is landfilled. We have used the WISARD (7)
(Ecobalance, 1999) life cycle assessment software tool to generate inventories for
the disposal of nappies.

The WISARD software tool requires the specification of waste on the basis of the
components of municipal waste (see Annex D for details of WISARD). We have
therefore designated excreta as being putrescible waste, fluff pulp as being paper
waste and the remainder as plastic waste. Table 4.4 shows the waste breakdown.
WISARD quantifies the environmental flows that arise from waste management
processes. These will include, inter alia, methane, leachate and combustion
products.

The landfill and incinerator inventories for MSW in WISARD recover energy through
gas management and energy recovery from combustion products. The landfill model
assumes 23 per cent fugitive emission of landfill gas and 77 per cent combustion (41
per cent flare and 36 per cent energy recovery) of landfill gas over its life. The
incinerator model in WISARD assumes that 450 kWh of electricity are generated per
tonne of waste. The allocation of excreta as putrescible waste will overestimate the
scale of environmental burden, as excreta is has a water content of 86 per cent and
putrescible waste in WISARD has a moisture content of 62 per cent.

The data presented in Table 4.3 represent the proportion of children by age that are
wearing nappies, based on the user surveys (Environment Agency, 2004). Table 4.4
shows the quantity of excreta (designated as putrescible fraction) that is contained
within nappies for the average child wearing disposables. Excreta generated by
children younger than 2.5 years, but who are out of nappies, has been excluded from
the study (this has been assumed for all systems assessed).

(7) Waste: Integrated Systems Assessment for Recovery and Disposal
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Table 4.3 Children wearing nappies by child age

Age of child Children wearing Children not wearing
nappies (%) nappies (%)
up to 6 months 100.0% 0.0%
6 to 12 months 95.7% 4.3%
12 to 18 months 82.8% 17.2%
18 to 24 months 45.6% 54.4%
24 to 30 months 17.6% 82.4%
30 to 36 months 4.8% 95.2%
36 to 42 months 1.8% 98.2%
42 to 48 months 0.4% 99.6%
48 to 54 months 0.1% 99.9%
54 to 60 months 0.1% 99.9%
60 to 66 months 0.1% 99.9%

Source: Environment Agency, 2004
Note: The surveys showed that there is no difference in age out of nappies between children
using reusable or disposable nappies. This table is true for all children.

Table 4.4  The composition of disposable nappy waste produced during a
child’s 2.5 years in nappies

Fraction Quantity kg Comments
Plastic 99.2 Packaging and nappy

materials
Putrescible 219.0 Geigy scenario
Putrescible 365.1 Mixed Scenario
Paper 76.0 Paper

4.7  Life cycle inventories used

Table 4.5 details the life cycle inventories that have been used to describe the input
and outputs from the disposable nappy system. These flows are presented
graphically in Figure 4.1, assuming Geigy excreta scenario, and in Figure 4.2,
assuming the mixed excreta scenario.
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Figure 4.1 System diagram for disposable nappies (Geigy Excreta Scenario)
All units are kilograms unless otherwise stated.
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Figure 4.2 System diagram for disposable nappies (Mixed Excreta Scenario)

All units are kilograms unless otherwise stated.
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Table 4.5

Life cycle inventory data sources for disposable nappies

Flow Quantity Units Stage Inventory Comment Age of Geographic
data Data Coverage
Fluff pulp 72.17 kg Input to EDANA 2001 Europe
manufacture
SAP 52.53 kg Input to EDANA 2001 Europe
manufacture
PP 24.47 kg Input to EDANA 2001 Europe
manufacture
PE 19.74 kg Input to EDANA 2001 Europe
manufacture
Adhesives 5.30 kg Input to EDANA 2001 Europe
manufacture
Calcium 3.74 kg Input to BUWAL 250 For 1993 Germany
carbonate manufacture ground
limestone
PET 2.25 kg Input to APME 1990 Europe
manufacture
Tape 1.78 kg Input to EDANA 2001 Europe
manufacture
Other 1.49 kg Input to Ignored Below 1%
materials manufacture
Cardboard 5.83 kg Input to BUWAL 1993 Europe
packaging manufacture
PE packaging 7.43 kg Input to IDEMAT 2000 Europe
manufacture  (APME)
Other 1.12 kg Input to Ignored Below 1%
materials manufacture
Electricity 114.25 kWh Input to Adjusted Adjusted Original UK 2001
manufacture BUWAL 250 toreflect 1994
2001
Gas 8.42 kWh Input to BUWAL 250 Natural 1994 Europe
manufacture gas heat
Water 74.61 litres Input to ERM 2001 UK
manufacture  Inventory
Paper landfill 2.29 kg Outputfrom  WISARD 1997 UK
manufacture
Plastic landfill 5.22 kg Outputfrom  WISARD 1997 UK
manufacture
Fluff pulp 0.76 kg Output from ERM/EDANA Assumed 2001
recycled manufacture 80% offset
of virgin.
SAP recycled 0.95 kg Output from ERM/EDANA Assumed 2001
manufacture 80% offset
of virgin.
PP recycled 1.91 kg Output from ERM/EDANA Assumed 2001
manufacture 80% offset
of virgin.
PE recycled 2.68 kg Output from BUWAL 250 PE Recy. 1994 Europe
manufacture  Adjusted
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Table 8.17 Abiotic resource depletion

Substance Flow Percentage of
Total Impact
Crude oil Raw 13.6
Natural gas Raw 31.1
Coal Raw 54.3
Remaining substances Raw 1.1

Table 8.18 Eutrophication

Substance Flow Percentage of
Total Impact

Nitrogen Water 1.1

P Water 2.25

Ammonia Air 2.79

Phosphate Water 9.6

COD Water 40.1

NOy (as NOy) Air 43.5

Remaining substances 0.685

Table 8.19 Photochemical oxidation

Substance Flow Percentage of
Total Impact
Formaldehyde Air 15
Ethene Air 51
SO, Air 8.8
Methane Air 27.3
CO Air 53.7
Remaining substances 3.5

Table 8.20 Human toxicity

Substance Flow Percentage of
Total Impact
NOx (as NOy) Air 1.0
As Air 1.3
Se Water 1.6
PAHSs Water 1.6
Benzene Air 1.7
Ni Air 7.3
Ba Water 9.0
PAHs Air 12.4
Other metals Air 20.4
HF Air 40.6
Remaining substances 3.0
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Table 8.21 Fresh water aquatic ecotoxicity*

Substance Flow Percentage of
Total Impact

Ni Air 1.5
PAHs Water 1.8

\Y Air 2.4

Zn Water 2.5

\Y Water 3.0
Metals Air 3.1

Cu Water 12.3

Ni Water 29.7

Ba Water 38.1
Remaining 5.5
substances

* The methodology for fresh water aquatic ecotoxicity is not well developed and does not
include characterisation factors for many detergent chemicals that are likely to pass
through waste water treatment works unchanged. Work conducted by Procter and
Gamble and Leiden University (Jeroen Guinee and Arjan de Koning) suggest that the
toxicity loading that would arise per wash would amount to 1.49 kg 1,4-dichlorobenzene
eg (DCBeq). This would result in the aquatic toxicity increasing to more than 400 kg 1,4-
dichlorobenzene for the nappy use system. Detergent use would therefore contribute
100% of the life cycle aquatic toxicity impact.

Table 8.22 Terrestrial ecotoxicity

Substance Flow Percentage of
Total Impact

Ni Air 2.2

Vv Air 7.0

Hg Air 36.9
Metals Air 52.6
Remaining 1.3
substances

8.3  Commercial laundry

Table 8.23 details the impact assessment for the commercial laundry nappy systems.
Energy use at the laundry is the most significant contributor to the impacts assessed,
vehicle use in the delivery and collection of nappies is also a significant contributor.
Prefold nappy manufacture is significantly higher than terry nappy manufacture in the
home use scenario. Prefold manufacture is analysed in Table 8.33.
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Table 8.23 Impact profile - commercial laundry (Mixed Scenario: 1 child, 2.5 years)

Impact Category Unit Total Prefold Wraps Liners Laundry Perborate Sodium Neutra- Heat Electricity Laundry Home Mains Sewage
nappy Detergent hypochlorite liser gas vehicles care water treatment
manufacture

Abiotic resource % 100 16.2 1.0 3.2 1.0 0.5 0.1 0 36.7 27.2 8.5 4.0 0.8 0.8

depletion

kg Sb eq 5.76 0.94 0.06 0.18 0.06 0.03 0.01 0 2.11 1.56 0.49 0.23 0.05 0.05
Global warming % 100 18.4 1.3 2.4 0.9 0.5 0.1 0 31.3 27.6 9.8 5.4 0.8 14
(GWP100)

kg CO; eq 762 140 10 19 7 4 1 0 238 210 75 41 6 11
Ozone layer % 100 70.0 0.1 0.5 1.2 0.6 0.7 0.3 2.4 6.6 0 17.2 0.2 0.2
depletion (ODP)

kg CFC-11  0.0000 0.00006 0 0 0 0 0 0 0 0.00001 0 0.0000 0 0

eq 8 1
Photochemical % 100 8.0 3.8 9.2 1.9 3.0 0.1 0 13.7 11.0 36.7 9.6 0.3 2.9
oxidation

kg CoH, 0.049 0.004 0.002 0.004 0.001 0.001 0 0 0.007 0.005 0.018 0.005 0 0.001
Acidification % 100 34.2 3.1 8.4 15 11 0.3 0.1 8.7 28.7 7.0 5.2 0.8 0.8

kg SO; eq 3.05 1.04 0.10 0.26 0.04 0.03 0.01 0 0.27 0.87 0.21 0.16 0.03 0.03
Eutrophication % 100 20.9 0.6 25 1.0 1.0 0.2 0 10.9 24.6 0 20.4 0.7 17.1

kg PO4 eq 0.275 0.058 0.002 0.007 0.003 0.003 0 0 0.030 0.068 0 0.056 0.002 0.047
Human toxicity % 100 26.5 0.1 0.6 1.3 0.3 0.2 0.1 20.9 37.7 4.7 5.5 11 11

kg 1,4-DB 123 33 0 1 2 0 0 0 26 47 6 7 1 1

€q

Fresh water % 100 35.1 0.1 0.2 2.7 0.2 0.2 0.1 1.7 48.1 0.4 8.2 14 14

aquatic ecotox.

kg 1,4-DB 11.60 4.09 0.01 0.02 0.32 0.03 0.03 0.01 0.20 5.60 0.04 0.96 0.16 0.17
€q 100*
Terrestrial. % 100 58.9 0.1 1.2 0.4 0.1 0.3 0.1 8.2 24.4 0.6 4.2 0.7 0.7
ecotoxicity
kg 1,4-DB 2.70 1.59 0.00 0.03 0.01 0 0.01 0 0.22 0.66 0.02 0.11 0.02 0.02
€q

Note: italics indicate less well developed impact methodologies

*The methodology for fresh water aquatic ecotoxicity is not well developed and does not include characterisation factors for many

detergent chemicals that are likely to pass through waste water treatment works unchanged. Work conducted by Procter and Gamble

and Leiden University (Jeroen Guinee and Arjan de Koning) suggest that the toxicity loading that would arise per wash would amount to
2.19 kg 1,4-dichlorobenzene eq (DCBeq) per laundry wash and 1.49 kg 1,4-dichlorobenzene eq (DCBeq) per home wash . This would
result in the aquatic toxicity increasing to more than 100 kg 1,4-dichlorobenzene for the nappy use system. Detergent use would

therefore contribute more than 90% of the life cycle aquatic toxicity impact.
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The following nine tables identify which of the individual environmental burdens are
responsible for the impact values above.

Table 8.24 Global warming

Substance Flow Percentage of
Total Impact

CO; (fossil) Air 4.2

Methane Air 6.8

CO, Air 88.4

Remaining 0.7

substances

Table 8.25 Ozone depletion

Substance Flow Percentage of
Total Impact
1,1,1- Air 2.0
trichloroethane
CFC-12 Air 12.6
HALON-1301 Air 84.1
Remaining 1.3
substances

Table 8.26 Acidification

Substance Flow Percentage of
Total Impact

NOy Air 26.5

SO« Air 73.1

Remaining 0.4

substances

Table 8.27 Abiotic resource depletion

Substance Flow Percentage of

Total Impact
Crude oil Raw 18.6
Coal Raw 23.6
Natural gas Raw 54.7
Remaining Raw 3.1
substances

Life Cycle Assessment of Disposable and Reusable Nappies in the UK 104



Table 8.28 Eutrophication

Substance Flow Percentage of
Total Impact

P Water 1.8
Phosphate Water 8.5
COD Water 33.2

NOy (as NOy) Air 54.0
Remaining 2.5
substances

Table 8.29 Photochemical oxidation

Substance Flow Percentage of
Total Impact

Ethene Air 15
Benzene Air 2.5
Ethylbenzene Air 2.7
Formaldehyde Air 3.8
Pentane Air 4.8
Toluene Air 10.1
SO, Air 11.9
Methane Air 30.0

(6{0) Air 31.3
Remaining 1.5
substances

Table 8.30 Human toxicity

Substance Flow Percentage of
Total Impact

NOy (as NOy) Air 1.1

Hg Water 1.7
PAHs Water 3.7

Ba Water 8.3
Benzene Air 8.6

HF Air 11.7

Ni Air 15.2
Metals Air 18.7
PAHs Air 28.3
Remaining 2.8
substances
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Table 8.31 Fresh water aquatic ecotoxicity*

Substance Flow Percentage of
Total Impact

V Water 1.1

n Water 2.0
Metals Air 2.6

Ni AIr 2.9
PAHs Water 3.9

Cu Water 9.1

Ni Water 20.9

Hg Water 21.9

Ba Water 31.9
Remaining 3.8
substances

*The methodology for fresh water aquatic ecotoxicity is not well developed and does not
include characterisation factors for many detergent chemicals that are likely to pass
through waste water treatment works unchanged. Work conducted by Procter and
Gamble and Leiden University (Jeroen Guinee and Arjan de Koning) suggest that the
toxicity loading that would arise per wash would amount to 2.19 kg 1,4-dichlorobenzene
eqg (DCBeq) per laundry wash and 1.49 kg 1,4-dichlorobenzene eq (DCBeq) per home
wash . This would result in the aquatic toxicity increasing to more than 100 kg 1,4-
dichlorobenzene for the nappy use system. Detergent chemicals would therefore
contribute more than 90% of the life cycle aquatic toxicity impact.

Table 8.32 Terrestrial ecotoxicity

Substance Flow Percentage of
Total Impact

Ni Air 2.4

Hg Air 19.0
Metals Air 25.6

Hg Water 51.7
Remaining 1.3
substances

8.3.1 Prefold nappy production — commercial laundry

Table 8.33 details the impact assessment for prefold nappy manufacture. Electricity use
in fabric production dominates the impact contribution from prefold manufacture.
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Table 8.33

Impact profile — prefold nappy manufacture

Impact Category Unit Total Cotton lint Hydrogen Electricity Heat gas Transport Surface Sewage
production peroxide water treatment
emissions

Abiotic resource depletion % 100 4.1 1.1 85.7 8.6 0.5 0 0
kg Sb eq 0.935 0.038 0.010 0.801 0.081 0.005 0 0

Global warming (GWP100) % 100 3.8 1.0 88.1 6.5 0.5 0 0
kg CO; eq 140.3 54 15 123.7 9.1 0.8 0 0.1

Ozone layer depletion (ODP) % 100 0.9 0.4 97.5 0.1 1.1 0 0
kg CFC- 0.00006 0 0 0.00006 0 0 0 0
11 eq

Photochemical oxidation % 100 25.7 7.0 58.9 6.6 1.7 0 0.2
kg C;H, 0.00390 0.00100 0.00027  0.00230 0.00026 0.00007 0 0.00001

Acidification % 100 5.0 0.7 924 1.0 1.0 0 0
kg SO, eq 1.04 0.05 0.01 0.96 0.01 0.01 0 0

Eutrophication % 100 32.5 0.8 58.1 2.0 1.7 4.5 0.4
kg PO, eq 0.057 0.019 0 0.033 0.001 0.001 0.003 0

Human toxicity % 100 0.9 0.8 88.0 3.0 0.8 6.4 0
kg 1,4-DB 32.6 0.3 0.3 28.7 1.0 0.3 2.1 0
€q

Fresh water aquatic ecotox. % 100 0.9 0.3 35.3 0.2 0.3 62.9 0
Kg 1,4-DB 4.08 0.04 0.01 1.45 0.01 0.01 2.58 0
€q

Terrestrial. ecotoxicity % 100 0.2 0.2 11.4 0.5 0.1 87.7 0
Kg 1,4-DB 1.59 0 0 0.18 0.01 0 1.40 0
€q

Note: italics indicate less well developed impact methodologies
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9 Sensitivity analysis and
normalisation

This section describes the sensitivity analysis and normalisation undertaken as part of
this study. Sensitivity analysis is a process where key input parameters about which
there may be uncertainty or for which a range of values may exist are deliberately varied
in the modelling and shows the effect that such variation could have had on the results of
the assessment. The sensitivity analyses carried out and reported here were agreed by
the project board. Normalisation attempts to compare the impacts from the systems
studied to the impacts of some everyday activity or to a proportion of the same impact
but from a wider system.

9.1 Number of changes

The user surveys and the sales data for disposables corroborate each other in terms of
changes per day. However, due to issues of clarity in the survey we have assessed a
lower use figure, 4.05 changes per day. Figure 9.1 shows the implication of this change.

O Mixed Scenario 4.16 Changes
W 4.05 Chages (Mixed)

Figure 9.1 Normalised comparison of 4.05 changes with 4.16 changes

9.2 Omitted materials manufacture

Although small in mass, we have assessed the implication of the assumption to exclude
minor inputs. We have done this by including an equivalent amount of super absorbent
polymer. Figure 9.2 shows the implication of this change.
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Figure 9.2 Normalised comparison: omitted material sensitivity

9.2.1 Disposal assumptions

A significant assumption in the study is the use of WISARD data for the disposal of
excreta. We have assumed that the excreta contained in the nappies is putrescible
waste, and that the waste management burdens are the same as those for the disposal
of putrescible waste. This approach has, in our opinion, overestimated the burden
associated with waste disposal, as the majority of the excreta is water. To assess this
assumption, we removed putrescible waste management from the system. Figure 9.3
shows the implications of this change. This change results in a significant reduction
(greater than 10 per cent) in the ozone depletion, eutrophication and photochemical
smog impacts.
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Figure 9.3 Normalised comparison: waste management sensitivity

9.2.2 Chemical oxygen demand

On analysis of the WISARD life cycle tool, it is believed that the COD emissions is under
reported, as it is impossible for COD emission to be lower than BOD emission. To test
the significance of this error, we have assessed a COD emission that is equivalent to the
BOD emission from end of life. This change results in a 6 per cent increase in the
eutrophication impact, no change occurs to other impacts.

9.3  Sensitivity of the reusable nappies home use system

9.3.1 Tumble drying

There is a significant level of uncertainty as to the use of tumble driers for drying nappies.
Figure 9.4 shows the implication of increasing tumble drying from 19 per cent (baseline)
of washes to 60 per cent of washes. This is an ERM estimate based on family tumble
drier ownership being between 65 per cent and 74 per cent of families (ONS, 2002). The
group for efficient appliance suggest an average tumble drier activity of 60 per cent
compared with washing (GEA, 1995). This a Europe-wide report and does not reflect
families alone.
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Figure 9.4 60% tumble dry

9.3.2 Electricity consumption washing

There is some uncertainty regarding washing machine electricity consumption in 2002.
In the baseline model, we assumed performance of a machine sold in 1997, as washing
machine life is approximately 12 years. Figure 9.5 shows the implication of using
average wash consumption data for machines sold in 2000.
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Figure 9.5 Washing machine electricity consumption

9.3.3 Omitted material manufacture

Due to the low mass of wraps and boosters entering the retail stage, their manufacture
was excluded from the study. Figure 9.6 shows the implication of including these
products. For boosters, we used terry manufacture as being analogous to booster
manufacture. For wraps/pants, we assumed PVC as this was the most common material

for wraps (Environment Agency, 2004).
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Figure 9.6 Including boosters and wraps

9.3.4 Liner disposal

There is a high level of uncertainty as to how used liners are disposed. In this study we
have assumed that 86 per cent of users consume one liner per nappy change and that
50 per cent are flushed and 50 per cent disposed to household bin. Figure 9.7 shows
the implication of flushing all liners. With the exception of the ozone depletion impact no
significant difference (greater than 10 per cent) is observed.
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Figure 9.7 Liner disposal sensitivity

9.3.5 Number of nappies owned, previous use and waste management

It was difficult to determine actual numbers of nappies purchased per child over the 2.5
years from the surveys. The ERM sales survey found that at least 750,000 reusable
nappies were sold in 2001-2002. Based on the reusable nappy wearing population, this
would suggest a minimum of 30 nappies purchased over the 2.5 years. Using the same
calculation method for terry nappies, the minimum purchased is calculated to be 43
nappies over the 2.5 years.

We have used a figure of 47.5 for the terry system in the study, based on minimum
ownership in any one six month period. This is considered to be a weak assumption
based on the limited number of responses, however it is considered a reasonable
assumption based on the sales survey.

We have not allocated any disposal burden for terry nappies to the system, as nappies
tend to be reused for other purposes within the home, including use on another child.
There is a high level of uncertainty associated with this assumption. However, when
considering the mass involved it is not considered significant.

9.3.6 Nappy type

The study reflects home use of the most popular reusable nappies, terry nappies. The
environmental impacts associated with other nappy types such as prefold and shaped
will be of a similar scale to the terry nappy system assessed. Although ownership
patterns are likely to be different, due to cost, engineering and size differentiation.
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9.3.7 Aquatic toxicity

The methodology for fresh water aquatic ecotoxicity is not well developed and does not
include characterisation factors for many detergent chemicals that are likely to pass
through waste water treatment works unchanged. Work conducted by Procter and
Gamble and Leiden University (Jeroen Guinee and Arjan de Koning) suggest that the
toxicity loading that would arise per wash would amount to 2.19 kg 1,4-dichlorobenzene
eqg (DCBeq) per laundry wash and 1.49 kg 1,4-dichlorobenzene eq (DCBeq) per home
wash. This would increase the aquatic toxicity impact value to over 400 kg 1,4-
dichlorobenzene equivalents for the terry nappy system. This is a massive increase in
this impact burden. The new characterisation factors that have been developed by CML
are to be published later this year.

9.4  Sensitivity of the commercial laundry system

9.4.1 Prefold nappy manufacture (includes raw materials, energy generation
and transport to the UK)

Prefold nappy manufacture is a surprising contributor to the impact profile of the
commercial laundry system. The majority of the impact contribution is associated with
energy consumption, in particular electricity generation. Prefold manufacture from lint to
nappy consumes 61,653 kWh of fuel/electricity input per tonne of nappies (82 per cent
electricity). Terry nappy production from lint consumes approximately 23,938 kWh of
fuel/electricity input per tonne of nappies (53 per cent electricity). This is a significant
difference and worthy of note. The lack of data sets for prefold manufacture is a
limitation of the study.

They both consume, approximately, the same amount of natural gas, and it is electricity
consumption that differs. This would suggest that differences in yarn spinning,
knitting/weaving processes might be the source of the difference, since spinning is a
significant user of electricity.

For terry nappies we have assumed 10,000 kWh per tonne of yarn produced. This is a
representative figure for spinning, although spinning mills vary markedly across the world
and with the age of the technology employed. For prefold manufacture, we have used
one data source (this includes all operations from lint input to final nappy output), for terry
production we have used one data source for production stages post yarn spinning.

There is therefore a significant level of uncertainty with regard to this stage of the life
cycle.

Figure 9.8 shows the implication of using the terry fabric manufacturing data in place of

prefold manufacture. Figure 9.8 shows that the system is sensitive to the prefold
manufacturing data and suggests that the study would benefit to further work in this area.
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Figure 9.8 Fabric production sensitivity

9.4.2 Aquatic toxicity

The methodology for fresh water aquatic ecotoxicity is not well developed and does not
include characterisation factors for many detergent chemicals that are likely to pass
through waste water treatment works unchanged. Work conducted by Procter and
Gamble and Leiden University (Jeroen Guinee and Arjan de Koning) suggest that the
toxicity loading that would arise per wash would amount to 2.19 kg 1,4-dichlorobenzene
eqg (DCBeq) per laundry wash and 1.49 1,4-dichlorobenzene eq (DCBeq) per home
wash. This would increase the aquatic toxicity impact value to over 100 kg 1,4-
dichlorobenzene equivalents for the commercial laundry system. This is a significant
increase in this impact burden. The new characterisation factors that have been
developed by CML are to be published later this year.

9.5 Age of data

The data used in the study are considered a reasonable reflection of nappy use in 2001-
2002. The data reflects post 1990 technology, and includes data specific for 2001-2002.
All inventories for flows identified as significant in the impact assessment are considered
representative of 2001. In the main, materials production, manufacturing and nappy use
have been defined using data describing activities in the study year.
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9.6 Retail and consumer transport — data and allocation

Due to the lack of data regarding retail and consumer transport, assumptions and
estimates have been made regarding retail outlet energy use and transport to and from
retail outlets. These areas have most significance for the disposable nappy system.
Allocation was required to allocate retail energy use and consumer transport of nappies
home. Although we believe the data and allocations to be reasonable, the data may not
be representative of the UK situation as a whole.

9.7 Data quality

The quality of the data with regard to consumer use characteristics (includes number of
changes) and disposable manufacturing and disposable material manufacturing are
considered to be very good. There are some concerns with regard to tumble drying;
washing machine performance; and reusable nappy manufacture that results in a high
level of uncertainty associated with the reusable nappy systems. Though individually the
reusable manufacturing data sets are considered of good quality they can not be
considered to be representative of all reusable nappies.

The systems assessed, including the sensitivities, provide a robust indication as to the
scale of the potential impacts associated with the nappy systems.

9.8 Functional unit

The function that was deemed appropriate to the goals of the study was defined as “the
use of nappies during the first 2.5 years of a child’s life”. This functional unit was agreed
by the Project Advisory Board early on in the study.

The user surveys commissioned by the Environment Agency supported the use of 2.5
years as a functional unit.

9.9 Normalisation

The individual impact results determined in the characterisation and classification steps
above are difficult to compare and to interpret because of their differing orders of
magnitude. Normalisation makes the impact assessment results for each system more
meaningful, by relating them to the total emissions or extractions in a certain area over a
given period of time. One method would be to compare the burdens for nappy use with
the impact profile for UK households in the study year. However, these figures are not
available, so total European annual effect scores for 1995 (total impact values for
Europe) (Hujbregts et al.2002) have been used for the purpose of this study. Shown in
Figure 9.9 to Figure 9.11 are the impact burdens for the whole life cycle as a percentage
of the European impact burden.
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If we accept the utility of normalised impacts, then the figures identify resource
consumption of the three systems as being the most significant burden, in terms of scale
of contribution. However this would change if the aquatic toxicity of detergent chemicals
was confirmed, aquatic toxicity would become the most significant impact for the
reusable systems, if the utility of normalisation is accepted.

The abiotic resource depletion impact burden is predominantly associated with the
extraction of oil, gas and coal reserves. For the reusable systems, this impact is
associated with energy consumption in the care of nappies. For the disposable system,
it is associated with energy and fossil resource consumption associated with the
production of polymers. This highlights the significance of care characteristics for
reusables and change frequency for disposables. For the commercial laundry there is
less potential variability in care.
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Figure 9.9 Normalisation chart for disposable nappies

The chart’s scale represents the contribution of one child’s use of nappies over 2.5 years to total
European impacts in 1995.

118 Life Cycle Assessment of Disposable and Reusable Nappies in the UK



3E-10 -
25610 - L - - - - o o
2E10 4 b - - - oo
1.5E-10 -
1E-10 -
5E-11 -
0
2 i o SN N & o &
N & R Q'\/ @ @ N & S°
& N & & & s & ° &
& it & o & & N N &
& < éé\(\ & (\Q»& A «"”Q ‘zf}s\
& X 2! &
© . ; S & & & <&
(}o‘ @ Mixed Scenario 60'0 o?‘\ Q\\O S
N S &
v B Geigy Scenario © v <&

Figure 9.10 Normalisation chart for reusable nappy - home laundered

The chart’s scale represents the contribution of one child’s use of nappies over 2.5 years
to total European impacts in 1995.
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The chart’s scale represents the contribution of one child’s use of nappies over 2.5 years
to total European impacts in 1995.
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10 Interpretation and conclusions

There is no significant difference between any of the environmental impacts of the
disposable, home use reusable and commercial laundry systems that were assessed.
None of the systems studied is more or less environmentally preferable.

The following environmental impacts were agreed by the project board as those to be
assessed in the study:

. global warming;

. ozone depletion

. summer smog formation (photo-oxidant formation);

. depletion of non-renewable reserves (depletion of abiotic resources);
. nutrient water pollution (eutrophication);

. acidification;

. human toxicity; and

. aquatic and terrestrial toxicity measures.

The impact burdens for each impact category have been normalised using the average
impact burden across the three systems (the average, therefore, has a value of 1).
Figure 10.1 and show the similarity between the systems across all these impact
categories using the impact ranges that result from the sensitivity analyses conducted.
The variation in impact resulting from the sensitivity analysis is shown as a range for
each impact. The analysis does not alter the overall conclusion.

For all three systems, the major impact areas, in terms of scale of contribution, have
been identified as non-renewable resource depletion, acidification and global warming.

Although the impacts are very similar, the life cycle stages that are the main source for
these impacts are different for each system. For the disposable nappy system, the main
sources of environmental impact are raw material production and conversion of these
materials into disposable nappy components, for example, fluff pulp and super absorbent
polymer.

For the home laundered nappy system, the main source of environmental impact is the
generation of the electricity used in washing and drying the nappies. For the commercial
laundry system, the main sources of environmental impact are the fuels and electricity
consumed by laundry activities.

For all three systems the impacts from waste management do not contribute substantially
to the overall totals, although the proportion contributed by waste management is greater
for the disposable nappies system than for the two reusable systems.

Global warming and non-renewable resource depletion impacts, over the 2.5 years for

which a child is assumed to be using nappies, are comparable with driving a car between
1300 and 2200 miles.
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In the UK, there are over 20 million cars on the road. Consequently, the wearing of
nappies by children in the UK in one year results in a global warming and non renewable
resource depletion impact equivalent to the consumption and emissions of 98,600 cars
each driven an average 12,000 miles.

The results of the study suggest that the focus for improving the environmental
performance of disposable nappies should be on the disposable nappy manufacturers
and their suppliers whereas, with reusable nappies, it is the user who can achieve the
most environmental gain through energy efficiency drives in the home:

e disposable nappy manufacturers should focus on weight reduction and improvements
in materials manufacturing; and

e reusable users should focus on reducing energy consumed in washing and drying.
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Figure 10.1 Sensitivity analysis of the three systems (normalised using average
impact value for all systems)
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10.1 Recommendations for further work

The study reports on the performance of the dominant nappy systems in use in 2001-
2002. The study does not address what future developments may take place in
disposable or reusable nappy systems. However, the study has been supported by a
stakeholder group representing the interested parties and is the most comprehensive,
independent study of its kind. Therefore, if products which were not studied become
dominant in the market, or new products are developed, or changes are made to the
existing dominant products which significantly reduce their impacts, then this study
should be used as the basis for any further studies comparing the impacts of different
types of disposable or reusable nappies.

Although not critical to the conclusions of the work, there are a number of areas where
the study would benefit from further analysis and development. These areas were tested
through sensitivity analysis in order to determine their significance.

The aquatic toxicity impact assessment method is a developing approach. As further
research is published, a more accurate assessment will be possible.

The study could be improved with more data sets for the manufacture of cloth nappies.

However, this element of the life cycle is not the main source of environmental impact for
the reusable systems.
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The surveys conducted to determine consumer behaviour provided essential data
relating to the use of nappies and were invaluable to the study. However, the amount of
analysis and quality of the results might be improved with a larger sample and by refining
the questions.

For the disposable nappy system, assumptions about excreta generation and its disposal
have a significant effect on the ozone depletion impact. This is believed to be
overestimated due to the allocation of emissions of CFCs from landfill on the basis of
input mass, and not on the composition of the waste.

There was limited amount of data regarding the quantities of excreta that are generated
by children. Further research in this area may increase the precision of the study.
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Glossary of life cycle inventory
sources

APME: Association of Plastics Manufacturers in Europe. The Ecoprofiles (Life Cycle
Inventories) can be obtained at www.apme.orq.

BUWAL 250: Environmental. Series No. 250/1, Swiss Agency for the Environment,
Forests and Landscape (SAEFL) Berne, 1998

EDANA: European Disposables and Nonwovens Association, Avenue Eugene Plasky,
157, 1030 Brussels — Belgium. Life Cycle Inventories, provided to ERM 2003.

EMPA: Swiss Federal. Laboratories for Material.s Testing and Research. Life Cycle
Inventories for the Production of Detergent Ingredients — EMPA-Bericht Nr. 244.

FAL: The Franklin Associates Life Cycle Inventory database, Franklin Associates, Prairie
Village, Kansas, USA.

IDEMAT: Delft University of Technology, Faculty of Design, Engineering and Production,
Design for Sustainability Program.

SimaPro 5.1: SimaPro LCA software, PRé Consultants bv - Plotterweg 12 - 3821 BB
Amersfoort - The Netherlands. The software can be obtained at www.pre.nl.

WISARD: Waste - Integrated Systems for Assessment of Recovery and Disposal.; the
Environment Agency’s life cycle software for waste management. Version 3.3.
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We welcome views from our users, stakeholders and the public, including
comments about the content and presentation of this report. If you are happy
with our service, please tell us about it. It helps us to identify good practice and

rewards our staff. If you are unhappy with our service, please let us know how
we can improve it.
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