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PREFACE

This study was conducted for the Polystyrene Packaging Council (PSPC). The
report was made possible through the cooperation of PSPC member companies who
provided data on the production of polystyrene resins and on the fabrication and
secondary packaging of polystyrene foodservice products.

The study was conducted at Franklin Associates from July 2002 through March
2005 under the direction of Beverly Sauer, Project Manager and Principal Analyst.
Significant contributions were made by Melissa Huff, James Littlefield, and Jeff
Hernbloom. William E. Franklin served as Principal in Charge. Robert G. Hunt provided
technical guidance.

This study was conducted for PSPC by Franklin Associates as an independent
contractor and peer reviewed prior to publication. Final revisions in response to the peer
review were made in July and August 2005. The findings and conclusions presented in
this report are strictly those of Franklin Associates. Franklin Associates makes no
statements nor supports any conclusions other than those presented in this report.

This report should not be used by sponsors or readers to make specific statements
about product systems unless the statements are clearly supported by the Life Cycle
Inventory (LCI) results and are accompanied by a reference to the publicly available full
report. Use of the study results for advertising purposes (e.g., public assertions or
comparative assertions) should comply with Federal Trade Commission (FTC) Guides for
the Use of Environmental Marketing Claims (16 CFR Part 260) and be consistent with the
principles addressed in the ISO 14040 series guidelines. Per the ISO guidelines, this study
should not be used as the sole basis for general comparative assertions (general claims that
one system is superior or preferable to a competing system or systems). The ISO
guidelines do not prohibit making specific comparative claims that are supported by study
results.

Franklin Associates, the American Chemistry Council (ACC), the American
Plastics Council (APC), PSPC and its members are not responsible for use of the study
results by any party in a way that does not fully conform to the guidelines described herein.
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Executive Summary

EXECUTIVE SUMMARY

LIFE CYCLE INVENTORY OF POLYSTYRENE FOAM,
BLEACHED PAPERBOARD, AND CORRUGATED PAPERBOARD
FOODSERVICE PRODUCTS

INTRODUCTION

A life cycle inventory (LCI), such as this study, quantifies the energy use and
environmental emissions associated with the life cycle of specific products. In this case,
the specific products evaluated are polystyrene and paperboard foodservice products. LCI
studies do not attempt to draw conclusions about the environmental impacts of product
systems.

Study Goal and Intended Audience

This LCI of selected polystyrene foam and paperboard foodservice products is an
update of a 1990 LCI on foam polystyrene and bleached paperboard foodservice items.
The study is being updated to incorporate the following changes that have occurred since
the original study:

o Additional products/materials evaluated
J Improvements in manufacturing processes and energy usage; and
o Development of ISO standards for conducting life cycle inventory studies

and making comparative assessments or claims in the marketplace.

The goal of this analysis is to provide foodservice industry stakeholders with the
information needed to better understand the current environmental profiles of the
foodservice products studied. This type of information can be used to target efforts to
improve the environmental profiles of foodservice products.

The intent of the study was to develop life cycle profiles for the product systems
using the most up-to-date data available from the representative industries producing
each type of foodservice product. However, industry participation in the study was very
limited despite extensive and repeated efforts to secure participation of all stakeholder
industries. Environmental profiles presented in this report for participating industries
were developed using the data those companies provided for this study. For non-
participating industries, the environmental profiles presented in this report were
developed using the best and most current data available from Franklin Associates’ U.S.
life cycle database, updated to the extent possible to represent current technology using
the data resources available. For example, although the paperboard industry declined to
participate in the study, it is known that paperboard bleaching technology has changed
significantly since the original study was conducted. Franklin Associates’ bleached
paperboard data set was updated for this study to reflect the shift from chlorine-based
bleaching technologies to elemental chlorine free bleaching. Data for most other
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processes and materials in this study were taken from Franklin Associates’ LCI database
or estimated based on secondary data sources. The quality of these data vary in terms of
age, representativeness, measured values or estimates, etc.; however, all materials and
process data sets used in this study were thoroughly reviewed for accuracy and currency
and updated to the best of our capabilities in 1997 or later. All fuel data were reviewed
and extensively updated in 1998. The report bibliography lists the published data sources
that were used to develop the LCI models for each product system.

Although the original study goal also included consideration of newly developed
materials, as the study progressed it became necessary to change this goal. The original
intent of the study was to include biobased foodservice products, but samples were only
available from one producer. Since biobased products tend to have unique proprietary
formulations, no individual biobased product can be considered representative of
biobased products in general. Thus, the decision was made to change the original goal by
dropping biobased products from the study.

The primary intended audience for the report is foodservice industry stakeholders;
however, in keeping with American Chemistry Council (ACC) policy, the final report
will be publicly available upon request to any interested party. The study results should
not be used inappropriately to make general comparative assertions. Guidelines regarding
the use of the study are presented in the report Preface and in the Study Limitations on
page ES-14 of the Executive Summary.

Study Scope and Boundaries

This study was conducted to analyze those types of foodservice products that
would most closely compete with polystyrene foam products. The LCI analyzes
polystyrene foam and paperboard foodservice items that are available in each of the
following categories: cups for hot and cold beverage, plates, and sandwich clamshells.
Secondary packaging for shipment of finished products is also considered in a separate
set of results.

The scope of the analysis reflects a modification from the scope originally defined
for the study, which included hot and cold cups, plates, clamshells, and meat/poultry
trays. In addition, the study goal changed to remove consideration of newly developed
materials (i.e., biobased products). There are two principal reasons for the change in goal
and scope:

o Meat/poultry trays were excluded from the study since few non-
polystyrene foam alternate material trays exist in the marketplace; and

o No biobased foodservice products were included in the analysis. While
there are various biobased foodservice products available in the
marketplace today, samples comparable to polystyrene foam were
available from only one producer and in only two of the four product
categories (plates, clamshells). It was decided that such a limited sample

ES-2



Executive Summary

would not be acceptable as the basis for a viable ISO-compliant study
providing a comparative analysis. In this case, the limited availability of
biobased samples would result in comparison of a single specific biobased
product weight and formulation with average generic weight and
formulation data for the alternative material products in the plate and
clamshell categories.

The study quantifies energy and resource use, solid waste, and individual
atmospheric and waterborne emissions for the life cycle of each product system from raw
material extraction through fabrication of products and secondary packaging, plus
ultimate disposal. Transportation of packaged product to customers and use by consumers
is not included in the study.

The scope of the project does not include testing products for strength, insulating
properties, etc., nor developing data on consumer use practices. The scope of the study
does not include forecasting lightweighting trends or future technology improvements for
any of the foodservice products studied.

Functional Unit

Within each foodservice product category, the functional unit for this study is an
equivalent number of product units of the defined size or capacity and corresponding
general level of functionality based on available information. In some cases, different
material products within a defined category were not available in exactly equivalent sizes
and capacities. In these cases, the product configuration that most closely corresponded
with the defined product category was evaluated. All foodservice product systems in this
study are evaluated on the basis of 10,000 product units.

It is recognized that the different product samples available within a defined
product category vary in certain properties (e.g., insulating properties of cups and
clamshells, load strength and moisture resistance of plates). However, no information on
individual product samples was available to quantify these functional differences. In
order to evaluate differences in functional use of products due to incremental differences
in product properties, it would be necessary to define specific use applications in which
to evaluate individual samples’ performance (e.g., for hot cups, to contain a certain
temperature beverage not to exceed a defined cooling rate, or for plates, to support a load
of food with a defined weight and moisture content). Such functional analysis is beyond
the scope of this study.

Functional performance was taken into account to the extent possible for plates.
Disposable foodservice plates come in a wide range of weights and configurations, and
there can be not only large weight variations between the lightest and heaviest plates
available within a single material category but also substantial differences in strength. In
order to make the product comparisons as equivalent as possible, only plates of the same
general grade were analyzed. The LCI results for plates include only those plates
classified by their manufacturers as high-grade.
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Some provisions were made in this presentation of LCI results in this report to
facilitate the analysis of consumer practices that may vary based on actual or perceived
differences in product functionality. For example, because it is common practice at
coffeeshops and other carry-out establishments for insulating sleeves to be used with
paper cups for hot beverages, the 16-0z hot cup analysis includes coated paper cups used
alone and with corrugated cup sleeves. “Double-cupping” (the use of two nested cups, a
fairly common practice with paper cups) to provide consumers’ hands with additional
protection from extremely hot or cold beverage can be evaluated by doubling the LCI
results for the cup (and the packaging used to deliver the cup). Double or even triple use
of plates by consumers may also occur (e.g., to provide additional strength under heavy
or wet loads) and can be evaluated in the same manner.

Systems Studied
The following types of foodservice products are analyzed in this study:

16-0z cups used for hot beverages
Expanded polystyrene (EPS) foam
Polyethylene (PE)-coated bleached paperboard (used alone and with
corrugated unbleached paperboard cup sleeves)
32-0z cups used for cold beverages
EPS foam
PE-coated bleached paperboard
Wax-coated bleached paperboard
9-inch high-grade (heavy-duty) plates
GPPS foam
PE-coated bleached paperboard
Molded pulp
5-inch sandwich-size clamshells
General purpose polystyrene (GPPS) foam
Insulated (corrugated) paperboard

All components and input materials for each system are assumed to be produced
in the U.S. Table ES-1 presents the component weights associated with 10,000 units of
each foodservice product. These data represent the range of weights of each product
determined by contacting all manufacturers that could be identified through internet
searches for producers and distributors of these foodservice products. In most cases, the
weight data represent actual measurements of samples acquired from manufacturers,
distributors, or retailers. In some cases, the weight data were reported by producers. For
some products, only one manufacturer could be located. These include wax-coated paper
cups and corrugated paperboard clamshells. Although only one product sample could be
obtained in these categories, other studies of similar products support the assumption that
other manufacturers’ products within each of these categories would be similar in
composition and weight, unlike biobased products, which were excluded from the study
due to their unique formulations and lack of samples available. The analysis includes the
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Table ES-1
FOODSERVICE PRODUCT WEIGHT DATA

No.of  No.of Low Wt High Wt Avg Wt Avg Wt
Mfs  Samples (9 (@ (2) in Ib per
10,000 units
16 oz Hot Cups
EPS Foam 2 3 4.40 5.00 4.70 104
PE-coated Paperboard 3 6 12.3 15.0 13.3 294
Unbleached Corrugated Cup Sleeves 1 4 4.10 7.50 5.76 127
32 0z Cold Cups
EPS Foam 2 3 8.10 10.0 8.83 195
PE-coated Paperboard 3 4 19.8 23.3 21.9 483
Wax-coated Paperboard (1) 1 1 31.3 31.3 313 690

9 inch Plates - High Grade

GPPS Foam - Laminated 2 3 10.4 11.1 10.8 238

Uncoated Molded Pulp 2 4 16.2 17.4 16.6 367

Coated Paperboard 2 2 18.2 18.5 18.4 405
Sandwich-size Clamshells

5 inch Corrugated Paperboard (1, 2) 1 2 10.2 10.3 10.2 225

5 inch GPPS Foam 4 4 4.40 5.00 4.80 106

(1) Only one producer located.
(2) Bleached outer layer, unbleached inner layer and fluting.

Source: Franklin Associates

Product samples collected and weighed by Franklin Associates from January 2003 through July 2003.

full range of weights of the product samples in each product category obtained and
weighed by Franklin Associates from January 2003 through July 2003.

The analysis also includes secondary packaging. Information on development of
secondary packaging data is provided in Chapter 3 of this report. Table ES-2 shows the
weights of secondary packaging evaluated for each product.

RESULTS

The report consists of a methodology chapter and three sets of results in separate
chapters, each with a different emphasis for the various foodservice products systems
analyzed. All results are presented on the basis of 10,000 units of foodservice product.
The first set of results is for the range of product weights available for each type of
product in each foodservice category. The results include production of the foodservice
materials, fabrication of the foodservice products, and end-of-life disposal. (Note: As
described in more detail in the methodology chapter, end-of-life results do not include
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emissions associated with the decomposition or burning of postconsumer foodservice
products.) The second set of results looks at the contribution of secondary packaging to
the environmental profile for average weight products in each foodservice category. The
third set of results examines the reduction in environmental burdens for average weight
postconsumer foodservice products if they are recycled or composted at a rate of 2
percent.

Only the results in Chapter 2, representing the full range of product weights in
each category, should be used to compare different material products in the same product
category. Conclusions regarding the relative performance of competing products cannot
be drawn from Chapters 3 and 4 because results for the full range of product weights for
each material are not shown.

To avoid disruptions to the reader in the flow of the discus