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Abstract
Purpose The aim of this study was to investigate the
factors that influence the sustainability of disposable baby
diapers (nappies) using life cycle assessments (LCAs). Size
4 Pampers® Cruisers (North American name) and ActiveFit
(European name) from 2007 are compared to new versions
made in 2010 to determine if the design and materials
changes intended to improve performance also lead to
reductions in the most relevant environmental indicators.
Materials and methods Cradle-to-grave LCAs, consistent
with ISO 14040/14044 Standards, are conducted. The
functional unit is “the number of diapers needed to collect
excreta over a child’s diapering lifetime.” Input data come
from P&G, suppliers, trade association reports, Franklin
and ecoinvent databases, and Google. SimaPro 7 is used to
model the LCA. Several life cycle impact assessments
(LCIA) methods, sensitivity analyses, normalization to
annual consumption, and Monte Carlo analysis are used
to produce and check results.
Results and discussion The consumption normalization
identified that the diaper’s “environmental footprint” should
include the IMPACT2002+ indicators: nonrenewable energy,
global warming potential (GWP), respiratory effects from

inorganics, total solid waste, and cumulative energy demand
(CED). Other indicators are insignificant. Contribution anal-
ysis shows that the sourcing and production of diaper
materials contribute most to the environmental indicators
evaluated, accounting for ∼84% of all non-renewable energy
uses and ∼64% of global warming potential. Diaper disposal
is a small contributor (1–12%) to potential environmental
impacts. Reductions observed for the 2010 US product are:
CED—8%, solid waste—12%, non-renewable energy—1%,
GWP500—4%, and respiratory inorganics—6%. For the
European product, reductions are: CED—11%, solid waste
—8%, non-renewable energy—3%, GWP500—5%, and
respiratory inorganics—14%.
Conclusions The new Pampers® diapers sold in the USA
and Europe have a reduced environmental footprint versus
the previous versions (2007). Significant reductions are
achieved in non-renewable energy use and global warming
potential, as well as other environmental indicators by
optimizing the diaper design and the materials. Although
some of the results are single digit reductions, Monte Carlo
analysis indicates that there is a high probability that the
differences are real. The use of multiple LCIA methods to
compare products is helpful to confirm consistency of
results. Normalizing the LCIA scores to annual consump-
tion also helps prioritize which environmental indicators
can be impactful and affected by changing a product.
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1 Introduction

To achieve sustainable living, communities must balance
the environmental, societal, and financial impacts asso-
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ciated with what we produce, use, and discard. Life cycle
assessment (LCA) is the only holistic framework that
exists today to help us understand the many ways in
which a product or service could impact the environ-
ment, because LCA forces a rational examination of
many indicators throughout material and product manu-
facture, use, and end-of-life (EOL).

Procter & Gamble (P&G) is the world’s largest consum-
er products company, selling about 300 brands of products
in >130 countries, touching billions of consumers' lives.
Pampers is one of its top-selling products globally.

For decades, P&G has worked collaboratively with
government, academic, and other industry scientists to
develop the methods and assessments to understand and
improve both the environmental safety, and life cycles of
products that people use every day (Bradbury et al. 2004;
Cowan et al. 1995; Cowan-Ellsberry et al. 2004; de Koning
et al. 2010; Fava et al. 1991; Pittinger et al. 1991; Saouter
et al. 2002; van de Plassche et al. 1999; Versteeg et al.
1999). Multiple life cycle studies of different diapering
systems have been conducted for USA and European
conditions between 1974 and 2008, several of which were
published in open literature (EDANA Sustainability
Reports 2005 and 2007; Fava et al. 1990; Franklin and
Ltd 1992; Lentz et al. 1989; MRI Project No. 3746-D 1974;
Nylander 1991; Sandgren 1993; Sauer et al. 1994; UK
Environment Agency 2005, 2008; Vizcarra et al. 1994).
Consecutive LCA studies were conducted because several
material and design innovations led to significant compo-
sitional changes and weight reductions of disposable
diapers and their packaging (Fig. S1). Recent LCAs
indicate that several material and design innovations in
current diapers result in substantially reduced environmen-
tal impacts compared to the disposable products of the
1980s, with better performance and improved skin health
(EDANA Sustainability Report 2007; UK. Environment
Agency 2008). Despite such improvements, P&G surveys
and on-line blogs show that some parents feel confused or
guilty about how diapers fit with sustainable living
approaches, as they try to balance diaper cost, convenience,
hygienic containment, baby’s skin health, and uninterrupted
sleep, with potential environmental impacts.

In 2005 and 2008, the UK Environment Agency
published results of LCA studies of three diaper types:
disposable, home-laundered cloth, and commercially laun-
dered cloth diapers delivered to the home (UK Environment
Agency 2005; UK Environment Agency 2008). The studies
evaluated the potential environmental impacts associated
with an average child wearing diapers during the first
2.5 years of life in the UK. The studies found that the
environmental impacts of the diapering systems are
different; however, none of the three diapering systems
were environmentally preferable. The potential environ-

mental impacts are linked to the energy, water, and
detergents needed to clean cloth diapers and to raw material
production for disposable diapers. The UK studies indicated
that the potential environmental impacts of disposable
diapers could be reduced by decreasing material use (i.e.,
product weight or use frequency) and improvements in
materials manufacturing, while the impact of reusable cloth
diapers could be minimized by reducing the energy
required for washing and drying.

Pampers product developers have consistently worked to
optimize material use and design, reducing potential
environmental impacts called out in the various LCA
studies. For example, in the USA, between 1992 and
2010, Pampers® reduced its average diaper product weight
by 45% and average packaging weights by 73%. Between
1988 and 2010 in Europe, the average Pampers® diaper
weight was reduced by 57% and average packaging weight
by 54%. Through a new product design, the 2010 diapers
sold in both continents deliver approximately 10% reduc-
tion in product weights and 14% reduction in bag package
compared to the previous 2007 formulations.

The primary purpose of developing the current Pam-
pers® LCA was to establish a thorough and reliable in-
house model to use for future product and material
development, and guide improvements for supply chain
sustainability. Questions driving this LCA study are: Does
the 10% reduction in raw material use for the 2010
Pampers® with DryMax diapers result in a significantly
improved “environmental footprint,” with no negative
tradeoffs? Which methods are useful to increase the
certainty that results are accurate and meaningful for
environmental conservation? Which environmental indica-
tors are actually relevant for disposable diapers? What is
scientifically accurate to communicate to disposable diaper
users about living more sustainably? This report summa-
rizes the methods and key findings of the LCA study
comparing the previous 2007 Pampers® Cruisers and
ActiveFit diapers to the new versions with DryMax sold
in the USA and Europe in 2010.

2 Materials and methods

The LCAs were conducted in 2008–2009 by P&G. External
experts verified that the data included are appropriate, the
methods are consistent with ISO 14040/14044 Standards,
and the conclusions are supportable based on the results
(see Electronic supplementary material for method details).

The goal of the cradle-to-grave LCA studies is to
compare the attributes of size 4 Pampers® Cruisers (North
American name) and ActiveFit (European name) formulas
from 2007 to new versions made in 2010. The life cycle
phases included are: Raw Materials, Diaper Manufacture (at
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representative plants in Cape Girardeau, MO, USA and
Euskirchen Germany); Packaging; Distribution; and End-
of-Life (EOL). Use of the diapers is excluded.

The functional units for this study are “the number of
diapers needed to collect excreta over a child’s diapering
lifetime”. In the USA, the functional unit is 4,623 diapers,
based on a 2007 Pampers® habits and practices survey of
diaper users in the USA and Canada. For Europe, the
functional unit is 3,796 diapers, consistent with European
industry and government LCAs on diapers (EDANA
Sustainability Report 2007; UK Environment Agency
2008).

Primary data on formulations, material compositions,
primary suppliers and their locations, and production for the
diapers are used to the maximum extent possible. Data are
compiled from: P&G, several suppliers, a 1995 EDANA
LCA Project report for member companies, the Franklin
and ecoinvent commercial inventory databases, and Google
maps (http://www.maps.google.com).

Used diaper disposal into municipal solid waste sanitary
landfills and incinerators are considered. For the USA, 20%
of the waste is assumed to be disposed into incinerators and
80% into sanitary landfills (United States Environmental
Protection Agency 2009). For Europe, 32% of the waste is
assumed to be disposed into incinerators and 68% into
sanitary landfills (The Statistical Office of the European
Communities 2009).

The commercial LCA software SimaPro 7 is used to
model the LCA (Pré Consultants www.pre.nl). The life
cycle impact assessment (LCIA) of CML 2000, Eco-
indicator99 and TRACI are used to check consistency of
IMPACT 2002+ results and verify the conclusions (Bare et
al. 2006, 2003; Goedkoop and Spriensma 2001; Jolliet et al.
2003).

Sensitivity analyses are conducted to check complete-
ness and consistency. These analyses evaluated assump-
tions regarding the accuracy of different pulp and AGM
data, significance of the variations in distribution distances,
impacts related to solid waste handling, results for
cumulative energy demand (CED) and solid waste, and
the most relevant indicators from the LCIA.

To evaluate the relevance of the potential environmental
impacts from diapers, the contribution of each potential
impact is normalized to annual consumption by an average
European (reference year 1995) using Simapro. There is no
equivalent method to represent US consumption habits.

Parameters indicating the diaper’s environmental foot-
print include the most relevant IMPACT2002+ indicators
identified through the normalization, total solid waste
flows, and total energy flows.

As a ‘rule of thumb,’ it is assumed for many LCAs that a
10% difference between the test case and the baseline case
qualifies as significant. To provide a more robust assess-

ment for these LCAs, however, the uncertainty of results
associated with variability in input data was assessed with
1,000 Monte Carlo iterations.

3 Results

For the new 2010 formulations, there is no significant
increase (+10%) for any environmental indicator. Addition-
ally, for almost all indicators, the 2010 case has lower
scores than the 2007 baseline case. Figure 1 shows the “rule
of thumb” comparison for all IMPACT2002+ midpoint
categories for the 2010 vs. 2007 in Western Europe. Results
for the US case are very similar (see Fig. S2). Results are
similar for the other LCIA methods, including EcoIndicator
99, CML 2000, and TRACI (see Figs. S3, S4). Note that
the land occupation indicator is significantly lower for the
2010 case since the pulp content was reduced.

Normalization indicates that non-renewable energy,
global warming, and respiratory effects from inorganics
are the most relevant of the potential environmental impacts
for the diapers. Figure 2 shows the IMPACT2002+
midpoint category results per US functional unit normalized
to average consumption habits for Europe. (At the time of
this study, average US consumption data were not
available, so European values were assumed to be similar
and used for both regions.) A result of 0.08 for nonrenew-
able energy means that the chosen amount of diapers could
contribute about 8% of all non-renewable energies con-
sumed by an American citizen during 1 year. In contrast,
the diapers contribute <0.5% to the land used to support an
American citizen’s annual consumption. Results for the
Western European case are very similar (see Fig. S5).

The three most relevant indicators are highly correlated
to energy use throughout the life cycle. Non-renewable
energy measures the amount of energy extracted from the
earth contained in the fossil energy carrier (coal, oil, and
natural gas) or uranium ore. Electricity, heat and fuel
production and consumption are the main consumer of
fossil fuels and uranium ore. Global warming covers a
range of potential impacts resulting from a change in the
global climate. It is the measured heat-trapping effect of a
greenhouse gas (GHG) released in the atmosphere. CO2

emitted by fossil fuel combustion is the main GHG.
Respiratory effects from inorganics are air pollutants such
as fine particles that affect human lungs. These pollutants
are released by heavy industries and road traffic.

Monte Carlo simulations for the Western Europe case are
shown in Fig. 3. Results for the US case are similar (see
Fig. S6). In some instances, the difference between the
2007 and 2010 cases are small; however, taking into
account uncertainty, there is a high probability that the
difference is real. Results indicate that the new 2010 diaper
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is better in 60–100% of the iterations for the three most
relevant indicators (non-renewable energy, global warming,
and respiratory effects from inorganics), so the indicator
scores appear to be largely certain. Both for the US and
Western Europe cases, the 95% confidence interval for the
difference between the 2007 and 2010 case is always
positive for respiratory inorganic effects; there is a 2.5%
chance of a type I error. For global warming and non-
renewable energy, the probabilities of a better score for the
2010 case are 95% and 86%, respectively.

Sourcing and production of raw materials is the key
contributing life cycle stage to the environmental impact
indicators for both diaper formulations. Figure 4 shows the
relative contributions of the different life cycle stages to the
most relevant IMPACT2002+ midpoint categories. Raw
materials (blue section) represent 63–92% of the total. Of
the raw materials, polypropylene and the absorbent gelling
material (AGM) are the primary contributors to the three
most relevant impact indicators (chart not shown).

Although contributing significantly less impact than raw
material production, the other life cycle phases (manufac-
turing, packaging, distribution, and end-of-life) present
opportunities for improvement. P&G manufacturing is the
second most important driver for respiratory effects from
inorganics and non-renewable energy. This is related to the
electricity use in the plant for which both WE and the USA
highly rely on fossil fuels. Packaging contributions are
mostly associated with its raw material production, but
since overall packaging weight per diaper is a small fraction
relative to diaper weight, its proportional contribution is
lower. Impacts from transport (both from raw materials to
the P&G plant and transport associated with distribution to
retailers) are also small. This is largely because energy
requirements for raw material production are far larger than
for truck and ship fuel. Finally, in contrast to public
perceptions, the disposal (end-of-life) of the used diapers
(orange section) contributes just 1–12% to the relevant
environmental impact indicators. The greater contribution
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of disposal is to global warming potential (GWP or “carbon
footprint”) in relation to the biodegradation of the pulp in
the diapers and to (non-recycled) packaging in a sanitary
landfill.

Although solid waste is not a significant contributor to
environmental impacts, used diaper waste causes caregivers
concern because they see much of it; consumer use of the
product contributes about 60% (59–60% NA, 67–70% WE)
to the total waste generated throughout the life cycle of
Pampers diapers. Figure 5 shows that the 2010 formulations
leads to less solid waste generated (−12% in NA and −8%
in WE) than the previous 2007 versions.

For the US functional unit (4,623 diapers), the used
diapers themselves are estimated to contribute 153 kg from
the 2007 diapers compared to 133 kg from the 2010
diapers. Diaper raw material production generates the next
largest amount of waste for the 2007 and 2010 diapers
(23% for both), then packaging (10% for both), P&G
manufacturing (7% and 8%, respectively), and distribution
(<1%).

For the European functional unit (3,796 diapers), the
largest waste flow is the used diapers, estimated at 138 kg
for the previous 2007 product and 115 kg for the 2010
diapers. Diaper component production generates the next
largest amount of waste for the 2007 and 2010 diapers
(21% and 20%, respectively), then packaging (4% and 6%),
P&G manufacturing (4% and 5%), and distribution (1% for
both). Solid waste associated with raw material production

is primarily driven by waste from energy usage by
suppliers, such as mining waste and treatment of combus-
tion ashes from coal combustion processes in electricity
production.

On average, baby diapers comprise about 1.6% in the
USA and up to 3% in European Union of municipal solid
waste (MSW) streams (Colon et al. 2011; EDANA
Sustainability Report 2007; United States Environmental
Protection Agency 2009). The statistics for diaper disposal
within each state or country is not available in published
government data. For comparison to another waste stream,
food scraps, and yard wastes contribute about 25% and
27% in USA and Western Europe MSW streams, respec-
tively (Eurostat 2003; United States Environmental Protec-
tion Agency 2009).

The method to calculate CED was developed in
Germany and further developed for the ecoinvent database-20% 0% 20% 40% 60% 80% 100%
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(Ecoinvent Report No. 3 2007). Energy production pro-
cesses are classified into: non-renewable fossil energy (e.g.,
oil, natural gas, coal), non-renewable nuclear energy flows
(e.g., uranium), renewable biomass energy flows (e.g.,
wood), renewable wind, solar and geothermal energy flows,
and renewable hydro energy flows. CED is obtained by
converting each type of energy into the same unit
(megajoule), based on their inherent energy content (i.e.,
heat content in megajoules per kilogram) for the mass
quantified flows.

Figure 6 shows that the reduction in CED for the 2010
diaper is essentially due to the reduction in pulp used and the
associated biomass energy used in its production in the supply
chain. The new optimized design and new AGM has a neutral
effect, in that they do not lead to any change in energy use.

For the US 2010 formulation, there is a reduction by
−1,319 MJ CED (−8%) compared to the previous 2007
Cruisers version on a functional unit basis. Sourcing and
production of raw materials contribute 83% of the total
energy for both the 2007 and 2010 diapers, and is the only
life cycle stage that shows a significant change between the
two cases, due to the reduced pulp usage.

For the European formulation, CED is reduced by
−1,454 MJ (−11%) for the 2010 diaper compared to the

previous 2007 ActiveFit diaper. Similar to the US product,
this reduction in the European version is due to the pulp
reduction, which accounts for the biomass energy flows
(−1,063 MJ or 73% of the total reduction). The raw
materials production and components manufacturing stage
contributes 84% and 81% of the total energy demand for
the 2007 and 2010 diapers, respectively. The diapers
manufacturing and packaging contribute 9% and 5%,
respectively.

4 Discussion

Which environmental indicators are actually relevant
for disposable diapers? Does the 10% reduction in raw
material use for the 2010 Pampers® with DryMax
diapers result in a significantly improved “environ-
mental footprint,” with no negative tradeoffs?
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The diaper’s “environmental footprint” includes the most
relevant IMPACT2002+ indicators identified in Fig. 2 (non-
renewable energy, GWP, and respiratory effects from
inorganics), total solid waste, and CED. Only reductions
were observed in these footprint factors with the 2010
products. Although some of the results are single digit
reductions, the Monte Carlo analysis (Fig. 3) indicates that
there is a high probability that the differences are real.

Several reductions were calculated in the LCA for the 2010
US product (having the 10% reduced material usage): CED—
8%, solid waste—12%, non-renewable energy—1%,
GWP500—4%, and respiratory inorganics—6%. Although
not reported as part of the environmental footprint factors,
the formulation changes also lead to about 23% improve-
ment in transportation efficiency due to improved pallet fit of
diaper packs on trucks. Fewer trucks (2,278) per year were
estimated to be needed to transport the products (equal to
approx. 683,400 gal (2.6 million liters) of diesel fuel).

For Europe, the reductions associated with the 2010
product are: CED—11%, solid waste—8%, non-renewable
energy—3%, GWP500—5%, and respiratory inorganics—
14%. Unlike in the US case, there is no significant
reduction related to distribution.

With regard to climate change and greenhouse gases, the
2007 and 2010 European products are similar within the
accurateness achievable with LCAs. Although there is a
−3% reduction in GWP500 for the 2010 vs. 2007 diaper,
which is statistically significant according to MonteCarlo,
the GWP100 (results not shown) is increased by +3%. There
is no external expert resolution on which time scale is best
to use, and the differences are small (<10%). The GWP500
value is reported in this study simply because that is the
timeframe included in the IMPACT2002+ LCIA method.

Both for Europe and the USA, the changes in non-
renewable energy between the 2007 and 2010 cases are
small. This is because with the reformulation, there was a
tradeoff between further light-weighting diapers (decreasing
the use of non-woven fabrics mostly sourced from
petroleum), on the one hand, and the reduction of pulp
with a more absorbent AGM (fossil fuel-derived) on the
other hand.

“Respiratory effects from inorganics” are one of the
examples in LCA where it is important to not only
understand relevance of potential impacts, but the practi-
cality of them. This indicator is the result of a time and
space integrated model, whereby such emissions from
energy production that could have an effect on human
health (in this case, on the respiratory tract) are tallied for
an exposure estimate. Although “respiratory effects from
inorganics” is a relevant indicator based on normalized
consumption, the emissions driving this are regulated and
permitted, so the actual release of these substances is not
considered a true hazard for how the electricity is produced

that is used to make diapers. For decades, all P&G diaper
products and operations have been regularly assessed by
internal and external experts and found to be safe for
humans and the environment. At P&G manufacturing sites,
exposures and releases are measured, carefully controlled
for permit compliance, and assessed by several engineering
and safety science departments.

Which methods are useful to increase the certainty that
results are accurate and meaningful for environmental
conservation?

Three methods were used to assess the accuracy and
meaning of the LCA results:

1. The consistency of results was checked against three
LCIA methods and the most meaningful endpoints were
identified with normalized consumption habits. It is
reassuring that three different LCIA methods, varying in
underlying exposure model and geographical scope, lead to
similar conclusions when both diapers are compared.

2. Uncertainty due to data variability was assessed with
Monte Carlo analyses and showed that even though
differences between both diapers are small, they are
probably real.

3. Finally, uncertainty in the model due to lack of
information (assumptions) was assessed by sensitivity
analyses, evaluating if alternative assumptions lead to
different conclusions. This assessment showed that the
scale of the differences may change, but not the direction of
the difference. The main conclusions are the same.

A previous study of detergents helped our understanding
of the sources of uncertainty and how uncertainty varies
with the comparison one wishes to make (de Koning et al.
2010). That analysis showed that the uncertainty margins of
GWP broaden as the assessment of several detergents
moves from a comparison conducted within a company and
its product forms, to a comparison with data from third
parties (e.g., competitors). The uncertainty margins are
larger when more data assumptions are necessary due to the
confidential nature of competitors’ processes, ingredients,
etc. The within-company comparisons can clearly distin-
guish GWP differences between products, whereas due to
greater uncertainty, distinguishing among competitive prod-
ucts is not possible with high resolution.

What is scientifically accurate to communicate to
disposable diaper users about living more sustainably?

Communicate of improvements related to the top three
impact indicators—GWP, energy, and respiratory effects
from inorganics—because these indicators are actually
relevant for disposable diapers based on normalized
consumption. Statements about environmental improve-
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ments coming from factors that less or irrelevant indicators
(e.g., land occupation) could be misleading to consumers
and not actually benefit the conservation of resources or
environmental protection.

Results shown in Fig. 4 are consistent with the UK
Environmental Agency’s studies (UK Environment Agency
2005; UK Environment Agency 2008) finding that envi-
ronmental impacts are linked to raw material production for
(general) disposable diapers. For the sustainable develop-
ment of disposable diapers, the LCA results lead to the
basic guidance to: “Use less raw materials and/or optimize
resources used within the supply chains.”

Although it is hard to make a small diaper smaller,
Pampers plans to continue find ways to optimize raw
material use and balance product performance with a
reduced product weight and environmental footprint.

In May 2010, P&G launched an Environmental Sustain-
able Supplier Scorecard to its top 400+ suppliers; results will
be used in 2011/12 to help rank supplier performance, and
used to set future buying contracts. This effort appears to be
one of the first (and very large) attempts to systematize the
inclusion of sustainability with cost, quality, and reliability in
business decision making. The scorecard effort is also
intended to encourage companies to build their capabilities
to track several metrics involved with sustainable operations
(e.g., energy use, water use, emissions, waste). Without
tracking or building such capabilities, companies do not know
what improvements to make to optimize resource use.
Ultimately, the expanded tracking capability should benefit
the development of material specific life cycle inventories. For
products with LCA profiles like disposable diapers, designing
more effective products and influencing behaviors in the
supply chain are the most impactful things that a corporation
can do to achieve sustainable product development and enable
more sustainable living.

Almost all human activities, with the many processes
and products involved, have some environmental impact.
Making comparative assertions about competing diapering
systems may be very difficult from a practical and statistical
standpoint. Such assertions may also not be helpful for
baby caregivers trying to balance diaper cost, convenience,
hygienic containment, baby’s skin health and uninterrupted
sleep, with potential environmental impacts. Different
diapering systems exist because consumers have different
needs across those areas, and they will use what works best
for their children and lifestyle.
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