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Supplemental Information - Materials and Methods Details
The LCA were conducted by P&G during 2008-2009. A panel of 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.
Goal, Scope and Functional Unit
The goal of this LCA study is to compare the attributes of size 4 Pampers® Cruisers (North American name) and ActiveFit (European name) diaper formulas from 2007 to new versions made in 2010. 
The scope of this study is cradle-to-grave. The life cycle phases included are: Raw Materials (extraction of the raw materials for, and manufacturing of, the diaper components and their transport to the P&G manufacturing plants); Diaper Manufacture (assembly of the components of the diapers into the finished product at representative plants in Cape Girardeau, Missouri USA and Euskirchen Germany); Packaging (extraction of the raw materials and manufacturing of the packaging components, their transport to the Baby Care plants, and the packaging of the diapers); Distribution (transport of the finished product to the distribution centers for the top 3 retailers in continental USA and Western Europe); and End-of-Life (EOL: collection of the used diapers and their disposal in an incinerator or a sanitary landfill). Use of the diapers is not included since it is assumed that no inputs are needed and no emissions are generated while the baby wears the diapers. Food consumption by the baby, its conversion to excreta, and its subsequent mineralization through biodegradation are outside the scope of this study. 

The functional units for this study are defined for each region-based study as “the number of diapers needed to collect excreta over a child’s diapering lifetime”. In the U.S., the functional unit is 4623 diapers. This figure is based on a 2007 Pampers® habits and practices survey of diaper users in the U.S. and Canada, which found that an average of 5.95 diapers are used per day, with an average diapering period of 26 months. No data are available from other industry or government sources to confirm this estimate. For Europe, functional unit is 3796 diapers. This is also used in previous European industry and government LCAs and based on an average of 4.16 diapers are used per day, with an average diapering lifetime of 2.5 years (EDANA 2007; U.K Environment Agency 2008). The difference between the number of diapers used between U.S. and Europe is largely attributed to more frequent required diaper changes in day care centers.

Because children are different sizes, there are several diaper sizes. The size 4 diaper was used to represent all diaper sizes in this study, which is consistent with previous diaper studies in Europe (EDANA 2007; U.K Environment Agency 2008; U.K Environment Agency 2005). The diapers have the same material compositions across the different diaper sizes, but different weights. The UK study demonstrated that size 4 is used for the longest period in a baby’s entire diapering period and was therefore taken as the best representative size. It is assumed that there is no difference in usage between the 2007 and 2010 diapers, i.e. caregivers will not use more or fewer diapers.
Data Used

Primary data were used to the maximum extent possible, i.e. data specific to the different productions and manufacturing sites from P&G and its suppliers. Data were collected from several P&G organizations related to the formulations, material compositions, primary suppliers and their locations, and production for the diapers. For raw materials production, component manufacturing, packaging production, and their transport and disposal processes, data were selected from several available sources to be the most representative for the temporal, geographic and technological context of the study.  In total, data were compiled from: P&G, several suppliers, the EDANA LCA Project report (1995), and the Franklin and Ecoinvent commercial inventory databases. Table S1 provides a summary of the components and data sources used. Due to the risk of formulation disclosure to competitors, specific materials are not identified in this publication. In practice, about 50 material and energy flows are incorporated in these LCA studies and were reviewed by external experts protected under confidential disclosure agreements.

EDANA published the first collection of nonwoven material LCI data in 1995 for use by EDANA members in LCAs. Sufficient suppliers were involved in the project, which allowed making industry averages for processes and avoiding data confidentiality issues. For the present Pampers study, the 1995 data are used to keep the background systems consistent across the entire diaper life cycle. 
The LCI of North American materials and background systems (energy, waste and transport) was compiled by Franklin Consulting in 2006, starting with 2003 National Renewable Energy Laboratory (NREL) data, updated with U.S. EPA data on electricity grid composition and for transport LCI data with updated fuel consumption data. Emissions of regulated and some non-regulated compounds (e.g. CO2, NOx for global warming calculations) are included. These data represent the average U.S. technology for several processes. When no data were available in the Franklin database for specific materials or processes, datasets from the ecoinvent database were assumed to be fairly accurate approximations, despite not being applied in the European context for which they were developed. For pulp, ecoinvent data was used both for Europe and U.S. diapers, since the Franklin data do not have information on land use, an important indicator when compared to petrochemically sourced materials.

Ecoinvent is considered the most extensive inventory database available for LCA modeling and contains more than 3500 unit process datasets covering most industrial sectors in a whole European context. For the majority of the raw material and package manufacturing in Europe, the UCTE (Union pour la Coordination et le Transport de l’Électricité) grid mix was used, consistent with the EDANA LCAs on diapers.
The diaper assembly lines essentially consume electricity only. Data on electricity consumption and waste streams were collected for fiscal year 2007/08 from the Pampers manufacturing plants. Projections for energy consumption and waste streams for 2010 were estimated from pilot studies producing the new diapers. The electricity used for the diaper manufacturing processes was modeled using the specific electric grid compositions for Cape Girardeau, Missouri and average German grid composition for Euskirchen Germany.
Globally, P&G manufacturing plants sell scraps to various companies for other uses. These data are tracked by site. For fiscal year 2007-8, representative of the 2007 diaper, >90% of the whole pad and raw material scrap at Euskirchen and Cape Girardeau plants had ‘beneficial reuse’, e.g. recycling back into lines, sold for alternative products, or incinerated for energy.

Transportation of the raw materials occurs by truck and ship. Although Pampers has several suppliers for each component, the distances from a main supplier for each raw material are used. Product distribution from each plant to the thousands of distributions centers of the top retail customers was calculated, and compared to the average distance between the plant and the 50th percentile of the warehouses for the largest retailer. For Cape Girardeau, the variation in transport distances is represented with 1332 km. For Euskirchen, the distance used for study is 811 km. Distances were calculated using Google maps. 
The EOL stage includes the collection of the used diapers by municipal waste collection trucks and their transport to disposal sites. Two types of disposal are considered: diapers sent to municipal solid waste sanitary landfills and municipal solid waste incinerators. The prevalence of treatment methods differs between the U.S. and Western Europe. For the U.S., 20% of the waste is assumed to be disposed into incinerators and 80% into sanitary landfills (US EPA 2009). For Europe, 32% of the waste is assumed to be disposed into incinerators and 68% into sanitary landfills (Eurostat 2009).

Software and modeling systems
The commercial LCA software SimaPro 7 was used to model the LCA (Pré Consultants Website). The software links the reference flows with the respective inventory data for the unit processes, which are mainly taken from the ecoinvent database. The Life Cycle Impact Assessment method IMPACT 2002+ v2.05 from the Simapro software is used, including latest adaptations from Frischknecht et al (2007), made for implementation with the ecoinvent database. 

The CML 2000, Eco-indicator99 and TRACI methods are used to check consistency of IMPACT 2002+ results and verify the conclusions (Bare 2006; Goedkeep 2001; Jolliet 2003). Consistent with the UNEP/SETAC Life Cycle Initiative recommendations (Jolliet 2004), IMPACT 2002+ is selected as the primary method to allow consistency in comparison for both regions, and it links all types of life cycle inventories to multiple damage categories: a) use of resources (e.g. non-renewable energy, land occupation); b) environmental effects (aquatic ecotoxicity, ozone depletion, aquatic acidification, etc); c) human health effects (respiratory inorganics, carcinogens, non-carcinogens, etc). 

Incineration and landfill modules for Europe are available from ecoinvent, but no equivalent for the U.S. is available. For the landfilling of used diapers in Europe, ecoinvent waste modules are used with emissions from leachates to air, water and soil. These ecoinvent modules do not credit avoided emissions from byproducts (e.g. recovered energy from incineration, captured landfill gas) from the waste treatment operation. To remain consistent with the supporting background database for the WE study, we did not alter these modules. Since the Franklin database, used for the U.S. study, did not have waste treatment modules, P&G developed a model to calculate the carbon dioxide (CO2) and methane (CH4) emissions to air and credit energy recovery from the methane released from landfills, and heat generated during incineration. Data for this model comes from several recent sources of municipal solid waste handling and emissions (US EPA 2007; Perry 1984; Federal Aviation Administration, US EPA 2006; US Department of Energy 2000). 
Several parameters considered insignificant to the results were excluded from the study. The manufacture and transport of the lotion components were not included since lotion represents less than 0.5% of the total mass inputs of the diapers. Pallets are excluded from the total packaging calculations because they are usually re-used, thereby having a very low contribution per diaper. The life cycles of the manufacturing sites for both diapers and their components (i.e. construction, maintenance and decommissioning of the manufacturing plants) are not included. However, the infrastructures associated with the production, and the transport of the materials making up the diaper components, are included when ecoinvent data are used.
Several factors are assumed to be equal for both diapers and also excluded from the study. These include: the diaper use phase, treatment of excreta in the EOL stage, losses in the supply chain, the human activities associated with the different unit processes (e.g. commuting transports, food consumption and waste disposal). 

Completeness and consistency checks
 A completeness check verifies whether information from the phases of a LCA is sufficient for reaching conclusions. A consistency check verifies that the assumptions, methods, and data are consistently applied throughout the study and are in accordance with the goal and scope definition performed before conclusions are reached. These two steps were accomplished using sensitivity analyses of the type of pulp and AGM data selected, variation in distribution distances, and impacts related to solid waste handling. The analysis evaluated the affect on the results for Cumulative Energy Demand (CED), solid waste, and the most relevant indicators from the LCIA. 

For this study, parameters indicating the diaper’s ‘environmental footprint’ include the most relevant IMPACT2002+ indicators identified through the normalization, total solid waste flows, and total energy flows.

To evaluate the relevance of the potential environmental impacts to diapers, the contribution of each potential impact was normalized. This step compares the results for each indicator for diapers with the results for an average European, and converts all the indicators into the same unit. However, it is not the same as a ‘person equivalent’, given that the number of diapers in the functional unit is for 2.5 years. By dividing these numbers by a factor of 2.5, one would obtain the person equivalent figure for year 2000. An equivalent method to represent U.S. consumption habits is not yet available or cannot be handled in the software. The rest of the impact assessment was done only for the three impact indicators that were identified through the normalization. 

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 more a robust assessment for these LCAs, however, the uncertainty of results associated with variability in input data was assessed with a Monte Carlo analysis. The ecoinvent data have uncertainty distributions on most elementary flows. Furthermore, uncertainty distributions were added to the diaper and packaging composition. The upper and lower specification limit, set for quality purposes and indicated on the formula cards was used as input data for the uncertainty distribution. One thousand Monte Carlo iterations are conducted.
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Fig. S1  Comparison of stacks of 100 disposable Pampers® diapers from 1976, 2009 and 2010
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Fig. S2  Impact 2002+ midpoint categories for the 2010 (green) vs. 2007 (red) diapers in the U.S. The box in bold shows +/-10% from the normalized total (to 100%), and represents the ‘rule of thumb’ for significance: bars falling above or below the box may be considered significant
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Fig. S3  Comparisons of the environmental impact indicators for 2007 and 2010 U.S. products using the TRACI LCIA method (developed to be specific for the US)
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Fig. S4  Comparisons of the scores for environmental impact indicators for the 2010 U.S. product using all three LCIA methods: IMPACT2002+, CML2000, and TRACI. A space with no bar means that the LCIA method does not evaluate that indicator
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Fig. S5  Normalized Impact2002+ midpoint categories for the 2010 (green) vs. 2007 (red) diapers in Western Europe
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Fig. S6  Monte Carlo analysis (1000 iterations) comparing 2007 (green) with 2010 (red) diapers in the U.S. shows the percentage of the iterations when the difference between the two formulations is negative (i.e. the 2007 diaper is better) and positive (i.e. the 2010 diaper is better). The bold boxes indicate the relevant midpoint categories
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Table S1  Summary of component types and data sources used for diaper LCAs
	Input parameter
	Data sources

	
	

	Product Material
	

	Pulp
	ecoinvent (WE, NA) 

	Absorbent Gelling Material (AGM)
	Suppliers

	Polypropylene nonwoven
	EDANA

	Polyethylene film
	Franklin, ecoinvent

	Nylon
	ecoinvent 

	Polyethylene terephthalate (PET) nonwoven
	Supplier

	Elastics
	EDANA

	Adhesives
	EDANA

	Packaging Material
	

	Polyethylenes
	Franklin (NA), ecoinvent (WE),

	Corrugated cardboard
	Franklin (NA), ecoinvent (WE), 

	Transportation
	

	Truck
	ecoinvent (WE), Franklin (NA)

	Ship
	Ecoinvent (WE), Franklin (NA)

	Diaper Manufacture processes
	P&G

	Disposal
	

	Sanitary landfill
	P&G US landfill model (NA), ecoinvent (WE)

	Municipal incinerator
	P&G incineration model (NA), ecoinvent (WE)


Table S2  Midpoint scores from IMPACT 2002+ for diapers in the U.S.

	
	Year 2007
	Year 2010
	Difference between years

	Aquatic acidification
	5.60E+00
	5.42E+00
	3%

	Aquatic ecotoxicity
	1.29E+05
	1.25E+05
	5%

	Aquatic eutrophication
	3.97E-02
	2.27E-02
	43%

	Carcinogens
	3.82E+00
	4.02E+00
	5%

	Global warming
	6.10E+02
	5.85E+02
	4%

	Ionizing radiation
	2.40E+03
	2.11E+03
	12%

	Land occupation
	4.30E+01
	1.77E+01
	59%

	Mineral extraction
	9.62E-01
	7.98E-01
	17%

	Non-carcinogens
	1.24E+01
	1.20E+01
	3%

	Non-renewable energy
	1.39E+04
	1.38E+04
	1%

	Ozone layer depletion
	7.63E-06
	6.86E-06
	10%

	Respiratory inorganics
	6.74E-01
	6.37E-01
	6%

	Respiratory organics
	1.15E-01
	1.09E-01
	5%

	Terrestrial acid/nutri
	1.51E+01
	1.45E+01
	4%

	Terrestrial ecotoxicity
	9.88E+02
	8.12E+02
	18%
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