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Executive Summary  

Summary of Co mendations 
This report provides the City of Seattle with relevant information to inform policies being 

d polystyrene foam (EPS) and other plastic 
cludes that actions taken within the 

verse and socially 

bags of all kinds 
provides substantial environmental benefits, and reduces unintended 

 shopping bag use should emphasize that no 
n, followed by a new 

ecyclable plastic and 
 or in-store 

ble shopping bags 
r), and provides for 

 to all strategies.  
lightly less costs than 

e in the use of 
conomic cost (due 

ilers both benefit 
ARF. 

s (which notably 
 

strategies result in environmental burdens higher than the status quo.  
se be 

 A shift from disposable food service items to biodegradable food service 
rine environment 
sistence in the 

.   

 All education on disposable food service item use should emphasize 
minimization of packaging and avoidance of littering when possible, then 
utilization of compostable products and depositing them with food waste

nclusions and Recom

developed for disposable shopping bags, and expande
disposable “to-go” food service items.  The report con
spectrum of strategies presented will likely reduce environmentally ad
undesirable implications of disposable plastics.  Conclusions and recommendations include: 

 The use of reusable bags instead of disposable shopping 

environmental impacts, including litter.   

 All education on disposable
bag or an existing reusable bag is the preferred optio
reusable bag used for as long as possible, and finally r
paper bags reused often and then deposited in curbside
recycling facilities.   

 An Advance Recovery Fee (ARF) on all disposa
provides the most environmental gains (except for litte
much higher overall economic gains when compared
With an ARF on all bags, consumers experience s
with a plastic only ARF (due to an anticipated increas
reusable bags), and the region experiences additional e
to decreased paper production).  Again, the City and reta
from revenue under either a plastic only or all-bag 

 For the environmental categories for which data exist
excludes litter aesthetics and litter marine diversity), all food service item

However, the permanence of plastic in the environment dictates its u
minimized.   

items may benefit litter persistence impacts on the ma
due to the faster rate of degradation.  Their shorter per
environment still has the potential to harm the marine ecosystem
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in in-store commercial organics collection bins, or utilization of recyclable 
products deposited in curbside or in-store recycling bins.  . 

 An ARF on all non-compostable, non-recyclable clamshells reflects the 
his is due primarily 
cid (PLA), which 

results in lower impacts than paper and PET in the environmental 
ion, due to nitrogen 

 citizens and leaders have increasingly sought to accelerate the City’s 
progress on recycling and waste reduction, as well as to reduce pollution of terrestrial and marine 

 directed in July 2007 
ed to disposable 

 sections: 

nmental concerns 
roduct categories. 

n the current 
g used worldwide to reduce the use of or amount of these 

to the current 
od of the development of, reusable, 

The fourth section presents the results of a review of published life cycle 
ens associated with 

ossible policies to be 
 reduce the use of these product categories.  Summary 

spective policies are also 
ic 

cost/benefit assessment and an environmental impact assessment of each 
of the strategies identified. 

Conclusions and recommendations are provided at the end of the report. 

least environmental impacts among bans and ARFs.  T
to the incentive toward compostables, e.g., polylactic a

categories considered.  The exception is in eutrophicat
and phosphorus runoff in agriculture. 

Scope and Background 
In recent years, Seattle’s

environments and global warming.  In response, Seattle Public Utilities was
by City Council Resolution 30990 to conduct research on product bans relat
plastic shopping bags and food containers.   

This report is comprised of five

 The first section presents a summary of the enviro
surrounding the increasing use of these two p

 The second section presents the results of research o
strategies bein
two product categories. 

 The third section presents the results of research in
availability, and future likeliho
compostable, or recyclable materials and products that can be used as 
alternatives to these two product categories. 

 
assessments (LCA) comparing the environmental burd
these two product categories for a variety of material types.   

 The fifth section presents the strategies identified as p
used in Seattle to
results of stakeholder input regarding pro
presented.  This section also presents the results of an econom
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Environmental Concerns 
There are significant environmental concerns over the use of disposable bags and food service 
items, including adverse effects on human health, global warming and resource consumption, 

stems, and solid waste management.  All of these concerns also 
anage or mitigate.  These concerns have prompted cities 

od service items 
nt.  These 

ice items, including 

xtensive waste reduction and recycling education and technical assistance to 

 products to the 
y of Seattle has an 

oth plastic and paper 
luding, for example, 

g system for organic 
proved compostable 
 bans the use of EPS 
at City facilities, no 
g bags or foodservice 

items by residents and businesses. 

by other jurisdictions to address the use of disposable shopping bags include 

Strategies used by other jurisdictions to address disposable food service items include those in 

ls are available for use 
om renewable 
e, cellulose 

d bamboo.  They are 
in a variety of product 

categories including bags, lidded containers, hinged containers, cold cups and lids, hot cups lids, 
cutlery, plates or trays, bowls, straws and stirrers, and food wraps.  Many are available in Seattle 
through traditional and niche food service distributors, and a number of advantages and 
disadvantages exist for each product/material type.  While most bio-based products are in the 

terrestrial and marine ecosy
require significant public funding to m
and countries worldwide to seek out alternatives to traditional bags and fo
(mainly plastic) that are less harmful to human health and the environme
environmental concerns apply in varying degrees to all bags and food serv
those that are recyclable, reusable, or biodegradable/compostable.   

Current Strategies 
The City provides e
residents and businesses through a variety of programs.  All programs emphasize the 
environmental benefits associated with reducing waste, reusing or donating
maximum extent, and recycling or composting the remainder.  The Cit
extensive recycling infrastructure that includes the ability to recycle b
shopping bags.  Some food service items are accepted for recycling, inc
plastic dairy product tubs.  The City also maintains an extensive compostin
waste, including soiled compostable (un-coated) paper, and specifically-ap
products made from other materials.  Other than Ordinance #114035, which
food and beverage materials by Seattle City Government and food vendors 
other policies or regulations are used to affect the use of disposable shoppin

Strategies used 
those in Table ES-1.   

Table ES-2. 

Alternative Products 
A variety of reusable, recyclable, and biodegradable/compostable materia
in manufacturing shopping bags and food service items.  Many are made fr
resources, such as corn starch, potato starch, wheat starch, rice hulls, bagass
fiber/limestone, palm fiber, cotton canvas, durable plastic, paper, an
manufactured, sold, and distributed under a variety of brand names, and 
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early stages of commercial development, it is anticipated that their wider use will drive 
improvements in quality, versatility, environmental impacts, and cost. 

Table ES-1. Summary of policy options adopted by other jurisdictions to address plastic 

Jurisdiction 

bag use. 

Policy Option Description 

Education and/or 
la rements  

Aimed at changing consumer behavior or product 
choices toward re postable, or rec
alternativ

Seattle and numerous 
other jurisdictions beling requi usable, com

es 
yclable 

Curbside Recyclin on bins
oppi

duce, pa

g Bags placed in curbside collecti
and marketing.  Bags including sh
n

 for later sorting 
ng, grocery, 

ewspaper, dry cleaning, bread, pro per

Seattle; 25 cities in Los 
Angeles County 

Voluntary Measur po
times associated with 

es Voluntary restrictions placed on dis
retail outlets or others.  Some

sable bag use by 

targets for use reduction or recycling

Australia, Great Britain, 
Hong Kong 

Mandatory advanc nsum duct 
 offset 

her use, and 
.  Paper, plastic, or 

5 paid by supplier, 
nds used by city, 

 (some abuse)

California  ed A fee levied on the supplier or co
recovery fees 

er of a pro
and retained by the retailer and/or gov
the costs of disposal, discourage furt
publicize reuse and recycling options
both; fees range from $0.007 to $0.2
distributor, retailer, or consumer; fu
retailer, or both

ernment to

In-store recycling retai  
ack for recycling.  

y the market 
rs and urers

California; UK Voluntary or mandatory effort by 
facilities to accept plastic bags b
Mandatory in California but driven b

lers to provide

elsewhere and favored by groce bag manufact
Extended Prod
Respon

uce
sibility (EP
isms 

e utilized to 
 ad -

Mostly Europe r 
R) 

Funds from product manufacturers ar

mechan
facilitate collection, processing, and
uses. 

vancement of end

Product bans Ban on the sale of plastic bags; some j
ban the production and distribution of 

San Francisco first to 
ban bags in the U.S., 
also South Africa and 
man

urisdictions also 
plastic bags 

y other countries
Product restriction distribution, or sale of a 

cit
 Fo

s Restrictions on the manufacture, 
specific product based on size, capa
thickness, etc.  Not a complete ban. 

y, material type, 
r bags, some 

jurisdictions limit based on a retailer’s annual sales. 

San Francisco, South 
Africa and elsewhere 

Reusable bag credi
giveaway, deposit 
system, or sale 

ought back to a store 
reuse, displacing the need for the store to provide 

new bags.  Often $0.01 to $0.05 in credit per bag 
returned to store; loyalty points awarded when shoppers 
bring their own bag; reusable bags offered for sale in 
stores (IKEA)  

United Kingdom, 
Seattle; Many US cities 

ts, Credits provided when bags are br
for 
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Table ES-2. Summary of policy options adopted by jurisdictions outside of Seattle to 
address disposable food service items. 

Current Strategy Description Jurisdiction 

Curbside ecycling Clean PS cups, containers, and packaging placed in 
curbside collection bin

r
s for later sorting and marketing.   

Los Angeles 

Private recycling Commercial and industrial EPS collected privately 
(primaril g foam from commercia s) 

vice way. 

Portland 
Seattle 
Los Angeles 

y packagin l generator
though there is a nascent food ser effort under

Product bans rvice items 
ls
t i

Many California cities, 
Portland, some east 
coast cities, Europe 

Ban on the sale of disposable food se
(primarily EPS); some jurisdictions a
polyvinylchloride (PVC) food contac

o ban 
tems 

Voluntary product rs to vol
ice items (

ct afte
e. 

Santa Cruz  bans Incentives provided for retaile
disposable plastic food serv
Often, mandatory bans take

untarily ban 
primarily EPS).  
r a certain time  effe

period if voluntary ban is ineffectiv
Product restriction istribution, or sale of a 

 size, capacity, material type, 
Taipei (dishes) s Restrictions on the manufacture, d

specific product based on
thickness, etc. 

Advanced recover umer of a product 
o offset 

her use, and 
ions. 

Germany y  fee A fee levied on the supplier or cons
and retained by the retailer and/or gov
the costs of disposal, discourage furt
publicize reuse and recycling opt

ernment t

Environmental pre
packa

ferable Laws and standards that stipulate p
material content, percent to be recyc
for com

ging 
erce

le rement 
postability. 

California, Oregon, 
Wisconsin 

ntage recycled 
d, or requi

 

 by the City, the 
ood service items were 

 (LCA) studies.  
e acknowledged 

 study’s review of LCAs is to create a level of environmental 
egies) not previously 

de available to the City of Seattle.   

opping bags, including: 

nment represent a threat 
ging and other 

littered items. 

 In most instances, a switch to reusable bags provides the greatest 
environmental benefits if reused a minimum number of times.  The 
environmental benefits of the reusable bag relative to those of disposable 

Life Cycle Analysis 
In order to inform the development of policy options under consideration
environmental impacts of existing and alternative shopping bags and f
reviewed and analyzed, primarily through published Life Cycle Assessment
Neither a full LCA nor a partial LCA was prepared for this report.  Despit
limitations to LCAs, the goal of this
comparison between alternative products (and within different policy strat
ma

Clear trends emerged from the review of LCAs regarding disposable sh

 Plastic shopping bags entering the marine enviro
(not quantified) to marine life along with other packa
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plastic bags depend on the number of times it is reused.  Policies 
developed to discourage disposable shopping bags should focus on 
consumer behavior to maximize this approach. 

s that paper bags were 
n, due primarily to the 

terials [including water], and fuels for 

 options aimed at reducing 
 address both paper and plastic disposable 

g recycling and 
e expected if a 

ut the City.   

disposable foodservice 

ms due to the faster 
radation. 

hen considering a 
 For some materials 
 (PE)-coated 
E-coated), reusable 

pylene (PP), paper, or PLA performed 

ptions aimed at reducing 
ress both EPS and 
nd environmental 

hrough the use of biodegradable products.  The 
absence of a comprehensive labeling system for compostable and biodegradable plastics is less 

nce the target is much narrower and aimed at 
way” packaging. 

gies 
Disposable Shopping Bags  

The strategies to address disposable shopping bags were narrowed to the following four for 
further life cycle cost/benefit and environmental assessment.   

 There was general agreement among the studie
shown to have the greater environmentally burde
greater amount of resources (ma
transport from greater weight per bag) that they require. 

Based on the review of available disposable bag LCAs, four policy
disposable bag use were evaluated.  The policy options
bags, and emphasize the use of reusable bags in their place.  While the use of biodegradable bags 
shows some potential for environmental benefit, Seattle’s existing plastic ba
composting systems cannot support the levels of contamination that would b
mixture of plastic and biodegradable shopping bags were used througho

In contrast, few clear trends emerged from the review of LCAs regarding 
items: 

 A shift from disposable food service items to biodegradable food service 
items would benefit litter impacts on marine ecosyste
rate of deg

 Reports showed that environmental trade-offs exist w
switch to alternative materials for foodservice items. 
and in some product applications, either polyethylene
paperboard (standard paper coffee cups are usually P
EPS, polycarbonate (PC), polypro
best in the environmental categories considered. 

Based on the review of available food service items LCAs, four policy o
disposable food service items use were evaluated.  The policy options add
other disposable food service items, and emphasize the reduction of litter a
impacts from disposable food service items t

of a problem related to these products, si
commercial establishments using “take-a

Waste Reduction Program Strate
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 Enhanced education:  Begin a public education and promotional campaign 
specifically focused on encouraging consumers to use reusable bags in 
place of disposable bags.  This would become part of  Seattle Public 
Utilities’(SPU) ongoing reduce-reuse-recycle messaging.  Activity may 

 shopping bags only

include varying degrees of technical assistance. 

 Enhanced education plus ban on disposable plastic  at 

ery fee (ARF) 

all stores in Seattle. 

 Enhanced education plus a mandatory advanced recov
(likely range, 10 to 25 cents) on disposable plastic shopping bags only.  

plit by the City and 
sable alternatives and 

omotion and 

ducation plus advanced recovery fee (ARF) (likely range, 10 to 

The ARF could be remitted entirely to the City, s
merchants who would use their share to promote reu
recycling, or retained entirely by merchants for pr
administrative costs. 

 Enhanced e
25 cents) on all disposable shopping bags. The ARF co
entirely to the City, split by the City and merchants
share to promote reusable alternatives and recycling,
by merchants for promotion and administrative costs

uld be remitted 
 who would use their 

 or retained entirely 
. 

likely impacts of the 
cted.  According to 
erent environmental 

ch of the strategies 
all environmental categories and the net 

lu

Table ES-3. Economic and environmental costs and benefits normalized to status quo. 

tatus
Quo Educ Plastic 

ARF on 
Plastic 

ARF on 
Both Paper 
and Plastic 

Cost benefit analysis of these policy options provides an insight to the 
measures — if implementation and consumer behavior proceeds as expe
research, the intent of LCAs is to show the relative importance of the diff
categories for improvement analysis (Rosselot, 2004), in our case, for ea
evaluated.  Table ES-3 shows a comparison between 
present va e (NPV) economic costs and benefits calculated earlier.   

 Units 
S  

ation 
Ban 

NPV $ 100% 97 7 79% % 7% 60%
Non-Renewable Energy Megajoules (MJ) 100% 96 7 72% % 0% 48%

s GHG Emission kg CO 100% 96 7 77% 2 eq. % 9% 49%
epletion (A c) kg Sb 0% 96 6 69% Resource D bioti  eq. 10 % 5% 48%

Eutrophication kg PO4 eq. 100% 96% 100% 87% 48%
Litter Marine Diversity kg 100% 96% 26% 50% 47%
Litter Aesthetics Square meters 100% 96% 28% 51% 47%
Waste Generated Tons 100% 96% 86% 80% 47% 

Notes: 1. Environmental category units produced summed over a 30-year time frame 
2. (NPV) economic costs and benefits over a 30-year time frame 

 3. Discount rate:  3 percent 
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The shaded fields in the Table ES-3 show those strategies with highest reductions in each of the 
economic cost and environmental burden categories, compared to the status quo.  An ARF on all 
disposable shopping bags provides the most environmental gains (except for litter), and provides 
for much higher overall economic gains when compared to all strategies.  With an ARF on all 

re economic cost (due 
efit from revenue 

The strategies to address disposable food service items were narrowed to the following five for 
nefit and environmental assessment: 

bags, consumers experience slightly less costs than with a plastic only ARF (due to an 
anticipated increase in reusable bags), and the region experiences much mo
to decreased paper production).  Again, the City and retailers may both ben
under either a plastic only or an all-bag ARF 

Disposable Food Service Items  

further life cycle cost/be

 Enhanced education:  Begin a public outreach, education and promotional 
 restaurants, cafes, 
ble food service 

anaged through 
 would become part 

panded polystyrene 
 discouraged.   

ne (EPS) products

campaign specifically focused on owners/managers of
and coffee shops to encourage replacement of disposa
items with recyclable or compostable alternatives m
recycling and food waste composting programs.  This
of SPU’s ongoing reduce-reuse-recycle messaging.  Ex
(EPS) products would be especially

 Enhanced education plus ban on expanded polystyre :  
ce items only at all 

 a later deadline for all 
able or recyclable with restaurants 

) on expanded 

Implementation of mandatory ban on EPS food servi
food vendors in Seattle.  Ban to be phased in plus
food service items to be compost
enrolled in composting or recycling programs.  

 Enhanced education plus advanced recovery fee (ARF
polystyrene (EPS) products only.  The ARF (likely r
could be remitted entirely to the City, split by the C

ange, 10 to 25 cents) 
ity and merchants who 

atives and recycling, or 
 administrative costs. 

) on all non-

would use their share to promote reusable altern
retained entirely by merchants for promotion and

 Enhanced education plus advanced recovery fee (ARF
compostable and non-recyclable food service ware items.  The ARF 

nts) could be remitted entirely to the City, split by 
ote reusable 
ts for promotion 

Table ES-4 shows a comparison between all environmental categories and the NPV economic 
costs and benefits calculated earlier.  These results were derived from a case study of hot food 
“clamshell” type containers and may not apply in other cases.  (See page 6-23 for the 
assumptions regarding vendor and consumer behavior when required to switch products.) 

(likely range, 10 to 25 ce
the City and merchants who would use their share to prom
alternatives and recycling, or retained entirely by merchan
and administrative costs. 



 
 

wp1   /06-03304-320 alternatives to disposable shopping.doc 

January 29, 2008 ES-9 Herrera Environmental Consultants 

Table ES-4. Economic and environmental costs and benefits normalized to status quo. 

 Units 
Status 
Quo Education Ban EPS 

ARF on 
EPS 

ARF on All 
Types 

NPV $ 100% 119% 169% 176% 199%
Non-Renewable Energy Megajoules (MJ) 100% 105% 214% 173% 156%
GHG Emissions kg CO2 eq. 100% 105 185% 162%

ne 
% 234%

Ozo g ethylene eq. 100% 100% 13 120% 105%4%
Acidification kg SO2 eq. 100% 104% 17 149% 142%

tion g PO4 e
9%

Eutrophica k q. 100% 101% 10 103% 108%
ste Generated  

4%
Wa Tons 100% 105% 24 189% 162%  0% 

Notes: 1. Environmental category unit ced s d ove ear t ame 
omic c nefits ov -year ame 
te:  3 percent 

lds in Table ES-4 show that all strategies have increases in each of the economic 
wever, the 

ized.  An ARF on all non-
 impacts among bans and 

ylactic acid, PLA), 
(PET) in the 

ion potential, due to 
griculture. 

se in organics 
d service products, would likely provide additional energy and 

greenhouse gas benefits, and cost savings.   

s produ umme r a 30-y ime fr
2. (NPV) econ
3. Discount ra

osts and be er a 30 time fr

 
The shaded fie
cost and environmental burden categories, compared to the status quo.  Ho
permanence of plastic in the environment dictates its use be minim
compostable, non-recyclable clamshells reflects the least environmental
ARFs.  This is due primarily to the incentive toward compostables (e.g., pol
which results in lower impacts than paper and polyethylene terephthalate 
environmental categories considered.  The exception is in eutrophicat
nitrogen and phosphorus runoff in a

Higher composting rates for compostable products, and the potential increa
composted with compostable foo
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1 Introduction 

The principles of “reduce, reuse, and recycle” have long been established in the City of Seattle’s 
solid waste plans.  In recent ye ens and leaders have increasingly sought to 
accelerate the City’s p aste reduction, as well as to reduce pollution of 
terrestrial and marine environments and global warming.   

eattle 
d Facilities Opportunities” that investigated three 

major facets of the solid waste management program:  collection of waste and recyclables; 
duct stewardship 

y focus of the study was to evaluate the flow of resources and waste through the 
ore efficient 

he study also looked 
e people to emulate 

 for others to use, and are 
o target additional 

nded producer 
uct (e.g., designers, 

d disposers) to share 
pacts of that 

ent.  

ere the solid waste 
ns – that result from the 

service items.  City staff had previously evaluated a ban on polystyrene food packaging in 

n policies and environmental issues 
g 

arch on several options for 
in Seattle’s municipal solid waste 

were conducted.  The options related to plastic bags and food service items included:  

 Enforcing existing disposal bans in commercial and residential waste for 
recyclable materials such as plastic bags (Options #152 and #349)   

ars, Seattle’s citiz
rogress on recycling and w

In November 2006, in response to these interests, the City produced a report entitled “S
Solid Waste Recycling, Waste Reduction, an

existing/proposed solid waste facilities; and zero waste principles and pro
(Seattle 2007a).  

The primar
City’s solid waste system to identify opportunities to create enhanced and/or m
waste reduction and recycling programs, and facilities, for the future.  T
beyond recycling using a “whole system” approach that attempts to guid
sustainable natural cycles, where discarded materials become resources
not burned or landfilled.  The study also highlighted the desire of the City t
areas for product stewardship.  Product stewardship (also known as exte
responsibility, EPR) requires those involved in the life cycle of a prod
suppliers, manufacturers, distributors, retailers, consumers, recyclers an
responsibility for the environmental effects of the products, and to minimize the im
product on the environm

During the study process, one of the paramount issues raised by the public w
disposal and environmental problems – including greenhouse gas emissio
use of designed-for-disposal plastics and other materials, particularly shopping bags and food 

September 2006, including a discussion of the following issues: 

 Background o
 Alternative food packagin
 Economic analysis 
 Enforcement strategies 
 Case studies – other cities’ ordinances 

During preparation of the City’s Solid Waste study, preliminary rese
addressing plastic bags, food service items, and other materials 
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 Implementing an ordinance that mandates the use of compostable plastic 
bags (Option #353)  

 Developing a public/private initiative with local grocery chains to reduce 

Creating a deposit program targeting common items in our waste stream 

rocery bags, but offer 
le canvas bags for sale at the checkout counter (Option #396) 

switch to plates, 

gestion reactor facility to process organic 
ervice containers) and 

). 

 environmental trade 

s Action 

 and Mayor Greg 
aste reduction and 

.  
loped would yield 

n (Seattle 2007a).  Under 
Attachm irected to 
con s:   

“Initial products for review will include non-compostable plastic shopping bags and 
nd recommendations 

ber 2007.” 

This report is the result of collaboration between SPU and Herrera Environmental Consultants in 
response to the Resolution 30990 directive. 

plastic bag use (Option #193) 

 
(Option #246) 

 Requiring shoppers to pay a fee for paper or plastic g
reusab

 Banning polystyrene take-out containers and require a 
and cups, etc. made from products such as compostable corn (PLA) and 
sugar cane fiber (bagasse)(Option #228) 

 Developing an anaerobic di
waste (including items such as compostable food s
produce biofuels for energy production (Option #350

However, the research was not at a level of detail sufficient to evaluate the
offs in terms of environmental impacts and cost.   

City Council and Mayor’

On July 16, 2007, after the study results were published, the City Council
Nickels passed Resolution 30990, which strongly recommitted the City to w
applying innovative recycling strategies to address components of the City’s solid waste stream
It was intended and anticipated that programs and initiatives to be deve
significant environmental gains and not just tonnage diversio

ent A of the resolution, Waste-reduction Actions, SPU was specifically d
duct research on product bans related to plastic bags and food container

Styrofoam food containers, for which SPU will complete its study a
by the earlier deadline of Decem
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Contents of this Report  

This report is comprised of five sections, each contributing research results and context in order 
to provide the City of Seattle with relevant information to inform policies being developed for 

) disposable plastic and paper shopping bags; and 2) expanded 
nd other plastic disposable “to-go” food packaging (including, but not 

d beverage 
 products in use for a 

re) in order to avoid 
rom a focus only on particular 

cerns 
surrounding the increasing use of these two product categories. 

arch on the current 
se of or amount of these 

e current 
ment of, reusable, 

that can be used as 
ct categories. 

ublished life cycle 
ental burdens associated with 

 possible policies to be 
ct categories.  Summary 

icies are also 
ction also presents the results of an economic 

ental impact assessment of each 
of the strategies identified.    

Conclusions and recommendations are provided at the end of the report. 

two product categories:  1
polystyrene foam (EPS) a
limited to “clamshells,” tableware, plates and trays, bowls, and hot and col
containers).  City staff determined early that this report should include all
particular function (e.g., serving hot food, carry purchases home from a sto
unintended adverse environmental consequences that might arise f
materials. 

 The first section presents a summary of the environmental con

 The second section presents the results of rese
strategies being used worldwide to reduce the u
two product categories. 

 The third section presents the results of research into th
availability, and future likelihood of the develop
compostable, or recyclable materials and products 
alternatives to these two produ

 The fourth section presents the results of a review of p
assessments (LCA) comparing the environm
these two product categories for a variety of material types.   

 The fifth section presents the strategies identified as
used in Seattle to reduce the use of these produ
results of stakeholder input regarding prospective pol
presented.  This se
cost/benefit assessment and an environm
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2 Environmental Concerns 

There are significant environmental concerns over the use of disposable bags and food service 
items, in  warming and resource consumption, 
terrestria gement.  All of these concerns also 
require significant public funding to manage or mitigate.  These concerns, highlighted in this 

tives to traditional bags 
alth and the 
 all bags and food 

e/compostable.  The 
ervice items and 

Human Health 

Human health is affected in many instances by both paper and plastic product production and 
 products in recent 
y or function.  These 
er concerns persist.  

there is evidence of 
 containers.  A study 
MB) concluded that 

roduction of 
4)  A study conducted 

enicity in humans 
he general population 

 also concluded “… that 
t on color vision.” (as cited in CIWMB 

 plastic softeners or as 
oride (PVC) food service 

elopmental 
S 2005).   

e, using its own 
ing production water, 

recovering pulping chemicals, and reducing bleaching chemicals.  However, the paper industry is 
still a major source of toxic chemical pollution.  According to the Washington Toxic Release 
Inventory for 2004, paper and allied products manufacturing accounted for 7.8 million pounds of 
toxic releases in that year (26% of the total).  Releases were primarily methanol, hydrochloric 

cluding adverse effects on human health, global
l and marine ecosystems, and solid waste mana

section, have prompted cities and countries worldwide to seek out alterna
and food service items (mainly plastic) that are less harmful to human he
environment.  These environmental concerns apply in varying degrees to
service items, including those that are recyclable, reusable, or biodegradabl
relative environmental impacts of traditional shopping bags and food s
alternative products are described later in this report. 

use.  The plastics industry has made consistent gains in “lightweighting”
decades, using less material in product applications with no loss of qualit
advances have helped lessen many environmental impacts.  However, oth
The U.S. Environmental Protection Agency (EPA) has suggested that 
styrene leaching into food and drinks that are stored in polystyrene (PS)
conducted for the California Integrated Waste Management Board (CIW
many reports support the contention that the styrene monomer used in the p
polystyrene food containers migrates into food and drinks.  (CIWMB 200
by the Harvard Center for Risk Analysis concluded that “Styrene’s carcinog
cannot be ruled out at this time.  However, styrene exposure levels among t
and among most workers are for the most part very low.”  The study
occupational exposure to styrene does have a subtle effec
2004).  As a result, styrene is a suspected neurotoxin and is labeled carcinogenic by the 
Washington Department of Ecology (Ecology) (WTRI 2006; SPU 2006). 

In addition, phthalates are a ubiquitous family of chemicals used as
solvents in numerous different consumer products including polyvinylchl
items.  Phthalates are known to cause reproductive system and sexual dev
abnormalities, birth defects, and damage to the liver, kidneys, and lungs (SG

The paper industry has also made progress environmentally in the last decad
waste as biomass energy for production (a long standing practice), recycl
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acid, ammonia, and nitrate compounds, but included dioxins, polycyclic aromatic compounds, 
lead, acetaldehyde, formaldehyde, benzene, toluene, mercury, and arsenic among others. (WTRI 
2006).  This represents a decrease of 50% from 1995.   

Global warming is the ongoing heating (currently considered to be primarily anthropogenic) of 
bal warming by consuming non-renewable 

resources such as fossil fuels/energy, as well as water during plastics production (IFEU 2006). 
 service items, and are 
e) from which 

e (HDPE), low-density polyethylene (LDPE), and PS are made from 
e.  Raw materials 

f water for process or 
ental impacts.  In the 
tted 

only used as the new 
 but does create 

e (SPU 2006).     

es the production of 
e production.  
are released to soil or 

il 
xygen causing the 

en fossil fuels are burned 
released.  Acidification is related to 

d other crops (i.e., 
carbon dioxide originating 

thdrawn from the atmosphere 
during growth and that it therefore does not contribute to global warming.  However, fossil fuels 

ertilizers), do 
nt and animal 

The manufacturing process for pulp and paper mills are also large sources of air pollutants, such 
as CO2, nitrous oxides, sulfur dioxides, carbon monoxides, and particulates.  The pollutants 
contribute to global warming, as well as ozone, acid rain, and respiratory problems (WTRI 

Global Warming and Resource Consumption 

the Earth's atmosphere.  Humans contribute to glo

Fossil fuels are also consumed during manufacture of paper bags and food
used extensively in agriculture to grow crops (e.g., corn, potato, sugar can
compostable plastics are derived.   

High-density polyethylen
non-renewable fossil fuels (e.g., natural gas and oil) and do not biodegrad
extraction; refining; chemicals used during manufacturing; and the use o
cooling (particularly for paper manufacturing) pose a variety of environm
1990s, expanded polystyrene (EPS) manufacturing used methods that emi
chlorofluorocarbons (CFCs), an ozone depleting gas.  Now pentane is comm
manufacturing agent.  Pentane is currently not attributed to ozone depletion
earth-level smog and contributes to global climate chang

Producing traditional plastics also contributes to eutrophication (as do
biodegradable plastics) and oxygen depletion, acidification, and smog/ozon
Eutrophication occurs when excessive amounts of nutrients (e.g., nitrogen) 
surface water by atmospheric emissions or industrial effluents; the oversupply of nutrients in so
or surface water can lead to an imbalance in aquatic systems that depletes o
death of aquatic organisms.  Acidification of air and land also occur wh
and acid-forming gases such as sulfur dioxide are 
photochemical smog and poor air quality conditions that cause asthma and other respiratory 
conditions as well as weakened immune systems (IFEU 2006).    

Paper and biodegradable plastics production requires harvesting of trees an
corn, sugarcane, potato).  Most researchers generally assume that the 
from biomass is equivalent to the amount which was previously wi

required for transport, processing the crops and producing auxiliaries (e.g. f
contribute (Franklin 2006).  Deforestation also has impacts on forest pla
communities separate from the global warming implications.   
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2006).  Finally, the manufacturing of paper, plastics, and biodegradable plastics products are 
particularly energy intensive.  Though many paper mills burn biomass for energy, electricity 
used in production also contributes to greenhouse gas emissions (for coal, biomass, and natural 
gas fired power generation). 

The 2004 Washington State Litter Study indicated that disposable plastic bags, disposable paper 
fast food service items” represented almost 7% of the litter 

blic trash receptacles, 
ashed away in storm 
 Union concluded 
except for increased 

tributed to the 
dation of paper in 

rges of human-made 
t of marine debris in 

ment issue due to its 
ind even when 
ia the forces of tides 

d birds confuse 
nutrient absorption.  

cape into storm drains, 
nold Schwarzennegar 

ets from escaping into 
fe because they look like 

a high surface area and 
concentrate toxic pollutants such as polychlorinated biphenyls (PCBs).  Tokyo University 

 (FEE 2007).  

 in storm drains is 
ing Seattle, plastic 

pellets and spheres or polystyrene pieces were the most common floating debris items 
encountered in all but one case.  In Santa Monica and other cities EPS and other plastics have 
clogged storm drains (causing flooding) and littered otherwise scenic beaches (Santa Monica 
2007).  In Seattle, polystyrene pieces were the largest contributor to floating debris (EPA 1990). 

Terrestrial and Marine Ecosystems 

bags, and plastic and paper “one-time 
stream.  This accounts for almost 500 tons of litter in Washington State. (Ecology 2005)  Bags 
and food service items discarded on city streets (or that are fugitive from pu
garbage and recycling trucks, or from events) are often blown away or get w
water.  A pilot study of the composition and sources of marine litter in Lake
that in most categories, lake litter was similar to that found in land settings, 
levels of miscellaneous plastic, and decreased levels of paper.  This was at
persistence of plastic (i.e., a longer “half-life”) and the sinking or biodegra
water.  (Bagley 2004) 

The Algalita Marine Research Foundation reports that land-based discha
debris (much of it as various kinds of plastics) comprise up to 80 percen
oceans world-wide (Algalita 2007).  EPS in particular is a unique manage
light weight that allows EPS to float easily on water and be taken by the w
disposed of properly.  Petroleum-based plastics in the ocean break down v
and ultra violet into small pieces, but do not biodegrade; marine mammals an
polystyrene as a food source which often results in appetite loss and depleted 
In some cases, the ingestion of polystyrene by animals leads to death by starvation (Reany 2002).    

Small plastic pellets, from which plastic products are produced, often es
and eventually end up floating out to sea.  In 2007, California Governor Ar
signed Bill AB 258 that requires plastics manufacturers to prevent pell
storm drains (Heal the Bay 2007).  Pellets can be attractive to marine li
fish eggs, yet they can also be highly poisonous because they have 

geochemist Hideshige Takada has found that plastic pellets eaten by birds concentrate toxic 
chemicals to as high as one million times their normal levels in seawater

According to the City of Oakland, California, 15% of the litter collected
polystyrene foam.  In a study by the EPA in nine coastal U.S. cities, includ
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Los Angeles County studied plastic carryout bag litter and found that indiscriminate littering of 
plastic carryout bags was an increasing blight. (Los Angeles County 2007)  The report found that 
due to the light weight and expansive nature of the bags, they easily became airborne and were 
often caught on fences and tangled in bushes.  Los Angeles County estimates that tens of 

ill a serious problem 
ide (e.g., Adopt-A-

les County 2007) 

te relatively quickly if 
exposed to heat, ultraviolet (UV) light, mechanical stress and/or water, but will not biodegrade in 

ther degradable items 
l impacts on fish and 

uickly into small 
ller pieces might be 

ement 

uction and recycling 
areness; promoting 

Together, disposable 
ttle’s residential and 

t plastics 
nd food service items 
 increase equipment 

ycled commodity quality, and generally add cost to waste 

ed with food, and are 
ingful way to recycle 

eight and other 

ing.  Due to food 
d other collection 

there was a reluctance to collect the food service PS for recycling from all sectors 
including the commercial food service industry.  It was also difficult to compete with cheaper 

 invested $85 million 
ieved profitability 

(CIWMB 2004). 

Both the paper industries and the plastics industries perform well at utilizing post-industrial scrap 
back into production processes.  However, apart from the solid waste issues associated with 

millions of dollars are spent annually on cleanup, but plastic bag litter is st
even though thousands of residents annually volunteer hours in beach, roads
Highway programs), park, and neighborhood cleanup projects.  (Los Ange

There is uncertainty as to whether bags or food service items made from degradable plastics will 
help solve the litter problem.  Biodegradable plastic bags will disintegra

the absence of microorganisms (Nolan-ITU 2003).  It is also uncertain whe
will have an impact (positive or negative) on littering behavior. The potentia
other marine life are also not clear; although the items may degrade more q
pieces that may make them less likely to be ingested by larger animals, sma
mistaken as food for smaller animals (Nolan-ITU 2003). 

Solid Waste Manag

The City of Seattle is constantly expanding and implementing new waste red
programs.  These programs are focused on raising environmental aw
environmental stewardship; and, promoting sustainable use of resources.  
shopping bags and food service items make up less than 1 percent of Sea
commercial waste stream.  While the tonnage is not significant, the lightes
(polyethylene (PE) bags, EPS, PS, and other plastics that shopping bags a
are made from) in the waste stream complicate waste handling procedures,
maintenance needs, decrease other rec
management programs (SF Environment, 2007b). 

Many plastics such as PS and EPS are considered contaminated if encrust
difficult or costly to recycle.  According to the CIWMB, “there is no mean
food service PS.  It also poses a transportation challenge due to its light w
collection difficulties” (CIWMB 2004).  In 1989, industry established the National Polystyrene 
Recycling Company (NPRC) to recycle PS food service and molded packag
contamination, and the light weight resulting in high transportation costs an
challenges, 

virgin resins that had higher quality.  Corporations involved with the NPRC
between 1989 and 1997 to operate the recycling facilities, yet never ach
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product use, both paper fibers and plastic resins can be recycled only a limited number of times.  
For paper production, recycled fibers eventually become too short or weak to make high quality 
paper and bags.  Wastes from paper recycling, known as “sludge,” contribute to the overall solid 
waste stream, and depending on disposal techniques, could raise concerns about trace 

pollution problems.  
hat breaks down 

aterials end up in a 
ferred option for these 

n State prescribe to the 

contaminants building up in soil or water, or potentially contributing to air 
For plastics production, recycled resins eventually build up a heat history t
polymer chains and diminishes their performance.  Eventually, all of these m
landfill (as in the Northwest), or incinerated.  So, while recycling is the pre
products if they are produced and used, the City of Seattle and Washingto
“reduce first” hierarchy.   
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3 Current Strategies for Reducing the Use of or Amount 
of Disposable Shopping Bags and Food Service Items in 

the Waste Stream 

r jurisdictions, both 
within and outside e use of or amount of disposable shopping 
bags and food service items in the municipal solid waste stream.     

Seattle Strategies 

e has implemented different strategies to increase the diversion of recyclable 
s disposable shopping 

pted 

e stream was adopted 
lastic).  For both, the 

o allow for recycling 
mmingle food scraps 
 for curbside 

pt measures to address 
e policy and existing 

echnologies.  In 1988 
Seattle passed Ordinance #114035 banning the use of expanded polystyrene (EPS) food and 

s by Seattle City Government and food vendors at City facilities.  

ed by two contracted 
ycling and yard waste 

ste) provides these 
re-bid.  Allied Waste 

cyclables processing services to the City under contract.  The City is currently in 
the process of redesigning the South and North Recycling and Disposal Stations ("SRDS" and 
"NRDS") to accommodate expanded recycling, a retail re-use facility, and self-haul waste and 
collection trucks in roughly the same proportions that these activities are currently handled by 
the existing stations.  

This section discusses current strategies used by the City of Seattle and othe
of the United States, to reduce th

Since 1988, Seattl
and compostable materials from landfills.  The policies adopted to addres
bags and food service items, existing infrastructure for handling these materials, and the 
effectiveness of the strategies adopted are summarized below.   

Policies Ado

Seattle’s current policy for addressing shopping bags in the municipal wast
at the inception of curbside recycling in 1988 (for paper), and in 2000 (for p
policy is a focus on waste reduction and recycling education and services t
of those items.  Beginning in 2005, the City allowed Seattle residents to co
and other non-meat organics including compostable paper with yard waste
collection and composting (SPU 2005).  At the time, the City did not ado
compostable plastic bags or compostable food service items, although th
infrastructure could potentially allow for future use of these emerging t

beverage material

Existing Infrastructure 

Collection of municipal solid waste in the City of Seattle is currently handl
waste haulers; Waste Management, Inc. provides collection of garbage, rec
to the north half of the city; and U.S. Disposal (a subsidiary of Allied Wa
services to the south half of the city.  These contracts are currently being 
also provides re
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The existing collection and processing infrastructure is designed to allow and handle, along with 
paper shopping bags, the curbside collection of plastic shopping bags that are bundled and 
commingled with other recyclables (except glass).  There is no infrastructure for recycling 
disposable food service items.  Although the infrastructure could handle compostable plastics, 

erials because only 
edar Grove Composting.  
organics waste stream.   

Seattle’s curbside recycling program for single family through fourplex sized structures began in 
ry 1988.  At the start of the program, the materials collected were newspaper, mixed paper 

e added in 1989, high 
s metals were added 
s were allowed to 

ontainer (except for 

Seattle accepts clean and dry plastic shopping bags, dry cleaning bags, and newspaper bags for 

les container. In 
s, many Seattle-area 

ack plastic shopping 
ling.  

echnology exists and 
t recycle PS and EPS 

cult and expensive to 

utilizes a pre-wash, wash, and drying procedure to clean the polystyrene prior to remolding it 

er electronics is 
ondense the material by 

me of the original scrap 
ance the economics of recycling this material (AFPR  2007).  At least one Seattle-

tems accepted for 

ility (EPR) into its 
business model in response to Portland’s ban on EPS. The company distributes disposable food 
service items manufactured of polystyrene plastic and recycled products to schools, health care 
facilities, correctional facilities, and other institutions that use large volumes of these materials; 
the company provides a service to pick up and recycle any products it sells (RP 2007).  

the City has not adopted a policy to encourage people to compost these mat
some of the available products on the market today are approved by C
Cedar Grove is contracted to process (through composting) the City’s 

Recycling 

Februa
(including paper bags), glass, aluminum and tin food cans.  PET bottles wer
density polyethylene (HDPE) plastic bottles were added in 1991, and ferrou
in 1993.  With implementation of new collection contracts in 2000, resident
commingle recyclables including bundles of plastic shopping bags in one c
glass which is collected in a separate curbside tote)(SPU 2007).  

recycling in its curbside residential and commercial collection program.  Plastic bags must be 
stuffed into one bag, tied securely, and put into the commingled recyclab
addition to residential and commercial curbside collection of plastic bag
grocers have voluntarily set up collection bins where costumers can take b
bags for recyc

Seattle has not established recycling for polystyrene (PS) or EPS, but the t
other jurisdictions do recycle these materials.  One reason Seattle does no
food service is that food residue is a contaminant that makes it very diffi
recycle the material.  However, a recycling process being used in Los Angeles and elsewhere 

into new products (PDR 2007).   

EPS from industrial manufacturing and packing of products such as consum
currently recycled by some private companies.  EPS densifiers, which c
grinding and then melting it into a recyclable patty that is 1/80th the volu
foam, help enh
area recycler is considering the addition of polystyrene packaging to the i
recycling, and another area recycler is considering accepting post-consumer EPS food service 
items for recycling.   

A Portland-based company has incorporated Extended Producer Responsib
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Composting 
Seattle Public Utilities (SPU) began a curbside yard waste collection program in 1989 that quickly 
achieved a participation rate of over 60%, and rose to 63% by 2005.  Beginning in 2005, the City 
allowed Seattle residents to commingle food scraps and other non-meat organics, and including 

able paper, with yard waste for curbside collection and composting (SPU 2005).  A 
vice, and 26% 
e curbside collection 

r of curbside 

per bags via the yard waste 
roducts, such as paper cups, plates, and napkins are acceptable.  Whether or not 

em is heavily dependent 
sting protocol to 
ve to how much of 

ard waste) versus 
o has concerns that if 

 

eness 
ated 1,901 tons of 
ations are shown in 

%, higher than the 
650 tons to be disposed.  The 

g of waste is 
approximately 
ll costs attributable to 

co.  A comparison 
n is presented for 

ethodology are not applicable to 
ential sector only), 

mate, as SPU’s waste 
 their differing 

 packaging.  Seattle’s 
4 residential and commercial waste composition studies estimate the total amount for these 

categories at 30,000 tons (24,000 tons paper, 2,000 tons EPS, and 4,000 tons other rigid plastic).  
An unknown percentage of the compostable paper is included in curbside organics collection.  
None of the EPS or other rigid packaging tonnage is recovered. (See SVA Seattle 2007; Seattle 
2007) 

compost
December 2005 survey found that 49% of residents said that they use the ser
reported that they used it for most or all of their food waste.  One result of th
of compostables was that home composting dramatically decreased in favo
composting (SPU 2005). 

Although the City does not encourage consumers to recycle clean pa
bins, other paper p
certain compostable products are acceptable in the organics collection syst
on the acceptance criteria of Cedar Grove.  Cedar Grove utilizes their own te
assure decomposition in their own system.  In addition, their system is sensiti
the collected material is comprised of organic material (such as food and y
compostable paper, plastic, etc. (CG 2007).  Furthermore, Cedar Grove als
compostable plastic bags and food service items were accepted in the organics waste stream
destined for their facility, non-compostable plastics would likely be mixed together and cause 
product quality problems and/or higher processing costs. 

Policy Effectiv
Seattle’s 2004 residential waste composition study indicates that an estim
plastic bags and 3,198 tons of paper bags were generated in 2007.  Calcul
Table 3-1. (Seattle 2007a)  The plastic bag recycling rate is an estimated 13
national average of 3-5%, but this rate still leaves approximately 1,
net cost to the City and ratepayers of collecting, transferring and disposin
approximately $121 per ton (including applicable City fees and taxes) or 
$200,000 for plastic grocery bags.  Appendix O contains a summary of a
plastic bags, using a methodology originating with the City of San Francis
with the City of San Francisco’s analysis is also provided.  The informatio
information only, since a number of assumptions used in the m
the City of Seattle.”  The paper bag recycling rate is estimated at 82% (resid
reflecting the longer period for program education and participation. 

The total amount of food service items generated for 2007 is difficult to esti
composition study distributes these items across several categories due to
materials: compostable/soiled paper, expanded polystyrene, and other rigid
200
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It is difficult to ascertain how much effect Seattle’s recycling programs have had on decreasing 
litter compared to decreases that are attributable to successful anti-litter campaigns.  For 
example, in 2001, Ecology began planning a comprehensive litter prevention strategy to change 
the behavior of residents, and in 2005 launched the “Litter and it will hurt” campaign with a 

hed just after Seattle 
ecycling program.   

s (residential only). 

 

Percent of 

Disposed 2004 
Comp. timate 

Estimated 
Percent of 

Waste Comp. 
Category 

series of news conferences (SPU 2005).  Notably, this campaign was launc
implemented “new” solid waste contracts in 2000 that expanded its r

Table 3-1. Estimated shopping bag recycling program effectivenes

Residential Waste 

2007 Es

Est. 2008 SF/MF Waste Generated 8  (Tons) a 291,57
Grocery/Bread Bags 7 80% 0.82% 2,37
Plastic Grocery Bags Generated (Tons) 901  

ed (Tons) 240  
1,

Plastic Grocery Bags Recycl
Recycling Rate 13%  
Old corrugated cardboard (OCC)/Kraft Paper 6.03 17,592 15% 

9.5 ,950 2% 
%

Mixed Low Grade 9% 27
Paper Bags Generated (Tons) 198  3,
Paper Bags Recycled (Tons) 2,622  

 Rate 82%  Recycling
a See (SPU 2007) Seattle Solid Waste Recycling, Waste Reduction, and Facilities Opportunities.

“Copy of Revised 60% projections_March 24_ 2006 Update” prepared by SPU Staff, March
 May 2007; and (SPU 2006) 

 2006. 

 overall litter generation 
the winter.  The 
ically significant. On 
: paper one-time take 

6% of the total litter collected), plastic one-time take 
out food containers comprised 52 tons (0.9%), paper bags comprised 104 tons (1.7%), and plastic 

aled 183 tons (2.9%) (Ecology 2005).   

an Seattle, in the United States and in other countries, have used a variety of 
onsumption of plastic (or paper bags) and plastic food service items.  These 

his report.  

Disposable Shopping Bags 

Strategies used by other jurisdictions to address the use of disposable shopping bags include 
curbside recycling, in-store recycling, in-store credits when customers bring their own bag, a 
deposit system, education, fees, taxes, producer responsibility mechanisms, product bans, 

 
A state litter study conducted in 2004 found a strong downward trend in
between 1999 and 2004 on county roads and on interchanges, especially in 
decrease in accumulation of fast-food containers on interchanges was statist
all road types, littering of these containers showed a strong downward trend
out food containers comprised 102 tons (1.

bags and film tot

Other Strategies 
Jurisdictions other th
strategies to reduce c
strategies are briefly summarized below and described in detail later in t
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mandatory and voluntary product restrictions, reusable bag giveaways, and labeling requirements 
(i.e., whether bags are recyclable or compostable). 

Some examples of jurisdictions that have taken action to address plastic bag use include San 
 York, New Jersey, 

Zealand; South Africa; Taiwan; Hong Kong, and Shanghai, China.   

er jurisdictions to address the use of 
hopping bags.  These options are summarized in greater detail in Appendix A.    

c bags are not specifically targeted for recycling; all packaging 
isms under a Packaging 

countries producers in 
 placed on recyclable 
ignated bodies (third 
llection, separation, 

2002).   

ations concentrate on 
ited success since 
and for bags (ICLEI 

oluntary or mandatory 
ngladesh, Denmark, 

tes.  These programs place more of the burden 

g litter and as a waste 
roximately $0.21 (US) per 

tain types of bags were 
omponent was 

o explain the 
on plastic bags 

y as a means to supplant the 
proposed ban (Nolan-ITU 2002).  A framework for a levy was subsequently drafted in 2003 
between labor and business organizations and the Minister of the Department for Environmental 
Affairs and Tourism (DEAT).  As part of the agreement, light weight plastic bags thinner than 30 
microns were banned since this type of bag is most prone to being spread as litter.   

Francisco, and many other California cities; cities in Maine, Michigan, New
Oregon, and Rhode Island; Australia; Bangladesh; Britain; Denmark; Ireland; Italy; New 

Policies Adopted 
Table 3-2 summarizes policy options adopted by oth
disposable s

Implementation Strategies and Lessons 

In the European Union, plasti
material is targeted for recycling using Producer Responsibility mechan
Directive.  Different Member States use different approaches, but in most 
the packaging industry (referred to as ‘Green Dot’ bodies for the green dots
packaging after the pioneering program in Germany) make payments to des
party or government agencies) who are responsible for arranging for the co
recycling and recovery of the required amount of packaging (Nolan-ITU 

Voluntary strategies implemented by supermarkets and advocacy organiz
reducing demand for the bags through education.  These programs show lim
retailers and consumers have little incentive to participate or limit their dem
2005).  In contrast, supply-side actions such as bans, taxes, and levies or v
take back programs have been successful in countries such as Australia, Ba
Taiwan, Ireland, South Africa, and the United Sta
for bag choice and their disposal on the producers and suppliers. 

Ireland instituted the “Plastax” in March 2002 to help eliminate plastic ba
minimization measure (Nolan-ITU 2004).  The fee amounted to app
bag, to be paid by the consumer and itemized on the sales receipt.  Cer
excluded (e.g., reusable bags, produce bags).  A significant educational c
introduced well in advance of the effective date to inform consumers and t
environmental rationale behind the fee.  In South Africa, the threat of a ban 
prompted industry representatives to become proponents of a lev
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Table 3-2. Summary of policy options adopted by other jurisdictions to address plastic 
bag use.   

Policy Option Description Jurisdiction 

Educatio  and/or 
quirements 

Aimed at changing consumer behavior or product n
labeling re  choices toward reusable, compostable, or recyclable 

alternatives) 

Seattle and numerous 
other jurisdictions 

Curbside Bags placed i side collection bins for later s
oppi
rodu

Seattle; 25 cities in Los 
Angeles County 

 Recycling n curb orting 
and marketing.  Bags including sh
newspaper, dry cleaning, bread, p

ng, grocery, 
ce, paper 

Voluntary Measur po
es ass

cycling 

Australia, Great Britain, 
Hong Kong 

es Voluntary restrictions placed on dis
retail outlets or others.  Sometim
targets for use reduction or re

sable bag use by 
ociated with 

Mandatory advanc
recovery fees (AR

um
tailer and/or government to offset 

isco ther use, 
tions.  Paper, plastic, 
.25 paid by 
mer; funds used by 

California  ed 
F) 

A fee levied on the supplier or cons
and retained by the re

er of a product 

the costs of disposal or recycling, d
and publicize reuse and recycling op
or both; fees range from $0.007 to $0
supplier, distributor, retailer, or consu
city, retailer, or both (some abuse) 

urage fur

In-store recycling  retailers t
k fo

en by the market 
 bag manufacturers 

California; UK Voluntary or mandatory effort by
facilities to accept plastic bags bac
Mandatory in California but driv
elsewhere and favored by grocers and

o provide 
r recycling.  

EPR mechanisms e
dvancement of end-

Mostly Europe Funds from product manufacturers ar
facilitate collection, processing, and a

 utilized to 

uses. 

Product bans e j
ban the production and distribution of 

San Francisco first to 
ban bags in the U.S., 
also South Africa and 
many other countries 

Ban on the sale of plastic bags; som urisdictions also 
plastic bags 

Product restriction istribution, or sale of a 

 Fo
ler’s

San Francisco, South 
Africa and elsewhere 

s Restrictions on the manufacture, d
specific product based on size, capacity, m
thickness, etc.  Not a complete ban. 
jurisdictions limit based on a retai

aterial type, 
r bags, some 

 annual sales.   

Reusable bag credi
giveaway, deposit 
system, or sale 

ght back to a store 
the store to provide 

new bags.  Often $0.01 to $0.05 in credit per bag 
returned to store; loyalty points awarded when shoppers 
bring their own bag; reusable bags offered for sale in 
stores (IKEA)  

United Kingdom, 
Seattle; Many US cities 

ts, Credits provided when bags are brou
for reuse, displacing the need for 
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In 2004, the City of San Francisco conceived a user fee for all shopping bags used in the City.  
After objections by the retail industry, the City compromised with a 17-cent fee that would only 
apply to plastic shopping bags given out at large supermarkets and pharmacies.  Furthermore, the 
City agreed to delay implementing the fee if supermarkets reduced the number of bags given to 

ve that the goals had 
islature to pass 

o collect, transport, 
ed; or impose a plastic 
ity-wide ban on 
dditional examples of 

jurisdictions.   

Voluntary initiatives result in less participation than other strategies, both 

 Some changes to consumer behavior could be expected by education 
ags are likely to be 

e environmental 
 minimal.  

by local authorities 
 is typically more 

 does not change consumer behavior away from 

r manufacturers are 
administratively simpler but less likely to reduce plastic bag consumption, 

 consumers.   

er behavior and have 
results in doing so (Nolan-ITU 2004).  Without a similar ARF 

rnative 
ve environmental 

F are anticipated to be 
plex, and the costs larger, than those for a ban or for education 

only, but approximately equal to an ARF on plastic only.  In Ireland, 
administration costs on Irish industry have been minimal. The levy enjoys 
strong on going support from consumers, retailers, and government. 
(Nolan-ITU 2002). 

shoppers by 5 percent.  However, by 2006, supermarkets had failed to pro
been reached.  The plastics industry successfully lobbied the California State Leg
a bill (AB 2449) that prohibits any local government from requiring stores t
or recycle plastic carry out bags; require auditing on the number of bags us
carry out bag fee on stores.  San Francisco responded by implementing a C
HDPE plastic bags that took effect in November 2007 (Dmitriew 2007).  A
policies implemented are contained in Appendix A.    

A number of key implementation lessons can be derived from the experiences of these other 

 
from retailers and consumers (GHK 2007). 

alone, but the changes in consumption of disposable b
modest if not combined with a ban or an ARF, and th
benefits would be

 Strategies such as enhanced litter control measures 
may be effective in addressing litter but this approach
costly than a bag fee and
consuming bags (Nolan-ITU 2002).   

 Most research indicates that fees placed on suppliers o

since most fees do not affect habits unless passed on to

 Fees on consumers provide incentive to alter consum
shown good 
on all disposable bags, retailers and consumers may switch to alte
bags and increased pre-packaging, resulting in negati
impacts (GHK 2007). 

 The administration and implementation of an AR
more com
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 Research shows that a minimum fee is required to result in a 
comprehensive change in consumer behavior.  The Elway research shows 
that 70% of Seattle respondents would be unwilling to pay more than 
$0.10 per bag fee.  Any ARF fee should start at this level. 

 action on disposable 
or bans.  There was no 

ver.   

d awareness 
cking to build public understanding of a 

an help encourage 
compliance, and a period of voluntary effort prior to introducing 

hip of the strategy 

 Most strategies, including bans, display a J-curve effect, whereby plastic 
ebounds (GHK 

arge to boost profits 
 2007). 

entation can be a 
problem (GHK 2007). 

s of disposable bag policy options, and available 
evidence of effectiveness, is contained in Appendix A. 

tions to address disposable food service items include curbside 
ironmental labeling, and 

Examples of jurisdictions or entities that have implemented strategies to address the use of 
plastic food service items include the American Public Health Association; New Jersey; 
Alameda County, San Francisco and Santa Monica, California; Portland, Oregon; Germany; 
Sweden; Switzerland; and St. Jerome’s College in Ontario, Canada. 

 Though the Elway research shows general support for
bags, voluntary reductions were favored over fees 
majority for or against fees or bans, howe

 Regardless of the strategy, the need for an education an
campaign and strong political ba
strategy’s objectives (and compliance) is critical (GHK 2007). 

 Regardless of the strategy, phasing implementation c

legislation can result in stronger stakeholder owners
(GHK 2007). 

bag use falls dramatically initially but then partially r
2007). 

 Retailers may abuse the system by retaining the bag ch
(GHK

 Evasion and non-compliance issues during implem

Additional discussion of the pros and con

Disposable Food Service Items 

Strategies used by other jurisdic
recycling/composting, advanced recovery/disposal fees, education, env
product bans. 
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Policies Adopted 

Table 3-3 summarizes policy options adopted by other jurisdictions to address the use of 
disposable food service items.  These options are summarized in greater detail in Appendix B.   

Summary of policy options adopted by jurisdictions outside of Seattle to 

re Jurisdiction 

Table 3-3. 
address disposable food service items. 

Cur nt Strategy Description 

Curbside r ers, and packaging placed in 
curbside collection bins for later sorting and marketing.   

Los Angeles ecycling Clean PS cups, contain

Private recycling 
m rators) 

derway  

Portland 
Seattle 
Los Angeles 

Commercial and industrial EPS collected privately 
(primarily packaging foam from com

ice eff
ercial gene

though there is a nascent food serv ort un

Product bans rv
 als  food 

Many California cities, 
Portland, some east 
coast cities, Europe 

Ban on the sale of disposable food se
(primarily EPS); some jurisdictions

ice items 
o ban PVC

contact items 

Voluntary product tives provided for retailers to vol
tems ( PS).  

fter a certain time 
ve. 

Santa Cruz  bans Incen untarily ban 
disposable plastic food service i
Often, mandatory bans take effect a
period if voluntary ban is ineffecti

primarily E

Product restriction  of a 
city, material type, 

kness, etc. 

Taipei (dishes) s Restrictions on the manufacture, distri
specific product based on size, capa
thic

bution, or sale

Advanced recover oduct 
ernment to offset 

sposal, discourage further use, 
io

Germany y fee A fee levied on the supplier or consum
and retained by the retailer and/or gov
the costs of recycling or di

er of a pr

and publicize reuse and recycling opt ns. 

Environmental pre
packaging material content, percent to be recycled, or requirement 

for compostability. 

California, Oregon, 
Wisconsin 

ferable Laws and standards that stipulate percentage recycled 

 

Implementation Strategies and Lessons 

Many of the food service strategies we have reviewed in published reports are newly 
ulated.  

ty of San Francisco, 

inance prohibited retail 

provides penalties for violation.  “Food vendor” means any restaurant or retail food vendor.  
According to the City of Portland, the ban was immediately met with a lawsuit by the 
McDonalds Corporation.  The company subsequently lost the case, but the challenge provided 
ample publicity for the program and public support.  Following the loss, McDonalds moved 

implemented or are not yet implemented, and so many lessons learned are still being form
Anecdotal information was documented from the City of Santa Monica, Ci
City of Los Angeles, and the City of Portland.   

The City of Portland banned PS food service containers in 1989. The Ord
food vendors from serving prepared food in any polystyrene foam (PSF, EPS) products, and 
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away from EPS clamshells at all of their stores nationwide (Schneider 2007).  After some period 
of evasion and non-compliance, ongoing non-compliance is being addressed in many cases with 
a concerned citizen phone call, a letter to the offending business, followed by a site visit within 
30 days to confirm compliance.   Portland does not provide support to businesses for finding 

s a similar program 
f Seattle.  

 from the confusion 
, American Society of 
7).   

 into its business 
istributes disposable food service 

e facilities, correctional 
 The company provides 

n washing system and 
2007). The resin is 

In November 2006, the City of San Francisco passed Ordinance 29506 prohibiting the use of 
 the use of 

estaurants, retail food 
t stipulates that the 

nce also provides for 
n 15% more than the 
lternatives.  
cisco’s composting 

at indicates it is ASTM 
 not meet the 

ar Grove in the Northwest and 
 

r ban on EPS has been 
r polystyrene.  Data is 

 the City by City 
ory to generate 

tizen complaints on restaurants that are not 
ormation from its waste 

 do the same with 

 While the City currently accepts #2, #4, and #5 plastics for recycling, 
some biodegradable plastics are problematic due to their similar look and 
feel to clear polystyrene – non-recyclable in San Francisco.  Labeling is 
seen as a solution, but is not available on all product types.  Labeling cups 

alternative products to replace EPS (Schneider 2007).  Cedar Grove provide
for commercial organics composting for the City of Portland as they do for the City o
The City of Portland also suggested that compostable products suffer a bit
created by multiple standards (i.e., Biodegradable Products Institute (BPI)
Testing and Materials (ASTM), and those of Cedar Grove) (Schneider 200

The Recycling Professionals, a Portland-based company, incorporated EPR
model in response to Portland’s ban on EPS. The company d
items manufactured of EPS and recycled products to schools, health car
facilities, and other institutions that use large volumes of these materials. 
a service to pick up and recycle any products it sells and works with its ow
the processing capabilities of a local firm to produce recycled PS resin (RP 
used to produce other PS products. 

polystyrene foam disposable food service ware.  The Ordinance requires
biodegradable/compostable or recyclable disposable food service ware by r
vendors, City departments, and the City’s contractors and lessee, bu
requirements be met unless there is “no affordable alternative.” The Ordina
penalties for violation.  “Affordable” means purchasable for not more tha
purchase cost of non-biodegradable, non-compostable, or non-recyclable a
Compostable means that the alternatives used must break-down in San Fran
system, meet ASTM standards for biodegradability, and provide a label th
certified for compost collectors.  Though “biodegradable” products may
compostabiliy standards set locally by companies such as Ced
other companies California, the terms are often used interchangeably.

 For the City of San Francisco, compliance with thei
approximately 77 percent for EPS and 65 percent fo
based on visits to about 900 of the 4,400 restaurants in
personnel. The City is looking to a 311 phone direct
questions, comments, and ci
complying with the ban. The City also receives inf
hauler on non-complying restaurants, and is hoping to
the health department (Dmitriew 2007).   
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with a green stripe to indicate that the cups are compostable has been a 
success (Dmitriew 2007).   

 For the first 6 months of the ban, San Francisco is focusing on education; 
es for non-

ecause they leak 
liquids and do not insulate well.  Uncertified food service wares imported 

rtedly biodegradable, 
degradable polymers.   

ene (#6) and EPS 
 found initial 

r of ways.   

ighlights restaurants that are 
ce of the 

 Competing restaurants are participating in the city gallery and more 
100% compostables 
keting campaigns.   

lready distributing 
em (Miller 2007). 

According to the City:   

ople getting burned 
ot insulate well.  

t switching to compostables 
 more 

les drops. 

 Straws and lids were exempted from the ban, resulting in contamination of 
nsider the range of 

 

 Ban programs should be staffed adequately in order to provide outreach, 
butors, and 

oducts (Miller 
2007). 

 The representatives of both the City of Portland and the City of Santa 
Monica who were contacted for this study suggested that the City of 
Seattle should work aggressively with its composting contractor to accept 

subsequent steps will include warnings, and then fin
compliance.  Fiber-based alternatives are problematic b

from China and used in some neighborhoods are repo
but have unknown amounts of plastic mixed with bio

 The City of Santa Monica’s impending ban on polystyr
plastics will go into effect in February 2008.  They have
education and outreach efforts successful in a numbe

 A City website created an online gallery that h
successfully switching over to compostable plastics in advan
impending 2008 ban.   

restaurants are banning all forms of plastics and using 
(including straws and lids) as a major part of their mar

 A number of food service product distributors are a
alternative compostable products and marketing th

 The City has also found some challenges in addressing all concerns.  

 Restaurants have concerns about elderly or disabled pe
by hot liquids from compostable containers that may n
Restaurants also have a concern/perception tha
will cost more money.  This concern may prove to be short-lived if
local distributors participate and the cost of compostab

the compostables stream.  Care should be taken to co
products in the ban, and the effects of exemptions.

meet with food vendors, community leaders, distri
entrepreneurs to facilitate switching to compostable pr
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a wider range of compostable products if a ban on EPS or other plastics 
was considered.  Technical innovation on the part of product 
manufacturers should help, and is being seen in the marketplace (Miller 
2007; Schneider 2007). 

 packaging such as 
ystyrene clamshell packaging 

ogram.  Their approach stopped short of legislation banning or 
vior and establishing 

es contact was 

service items, though the 
participants are different (see Implementation Strategies and Lessons under Disposable Shopping 

d service policy 
.   

The City of Los Angeles recently added clean cups, containers, and
polystyrene egg shell cartons, polystyrene block packaging, and pol
to their curbside collection pr
creating a fee around EPS, and is relying on education around beha
appropriate collection, processing, and market outlets.  A City of Los Angel
unavailable for comment on any lessons learned.   

Finally, many of the lessons pertaining to disposable bags apply to food 

Bags on p. 14).  Additional discussion of the pros and cons of disposable foo
options, and available evidence of effectiveness, is contained in Appendix A
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4 Alternative Products 

The section provides a summary of various alternative products currently available or under 
developme g disposable shopping bags or disposable 
food service item eusable, recyclable, and 
biodegradable/compostable items. 

s are available for use 
g bags and food service items.  Many are made from renewable 

resources, such as corn starch, potato starch, wheat starch, rice hulls, bagasse, cellulose 
oo.  They are 

nd in a variety of product 
cups and lids, hot cups lids, 

dix C contains a list of 
y does not include all 

ble 

reusable food service 
troduced as the most 

d similar institutions 
) and environmental 

y local health codes 
d to-go.  For example, 

tes that for temporary food establishments, 

uld be considered 
eneral public, or economically viable for restaurants and food vendors.  

s that are available 

ives to thin plastic film 
bags.  These include bags made from natural fibers such as cotton canvas, 

wicker, hemp, jute, and bags made from synthetic materials such as polypropylene, polyethylene, 
at they can be used 

signed for single use 
(reusablebags.com 2007).    

A 2007 study of plastic shopping bags in Los Angeles County reached the following conclusions 
concerning the advantages of using reusable bags (Los Angeles County 2007): 

nt that can be used as substitutes for existin
s.  The alternative products include r

A variety of reusable, recyclable, and biodegradable/compostable material
in manufacturing shoppin

fiber/limestone, palm fiber, cotton canvas, durable plastic, paper, and bamb
manufactured, sold, and distributed under a variety of brand names, a
categories including bags, lidded containers, hinged containers, cold 
cutlery, plates or trays, bowls, straws and stirrers, and food wraps.  Appen
alternative products found during the initial research for this report.  It likel
manufacturers or distributors of these products.   

Reusa

Reusable alternative products apply mostly to shopping bags.  Traditional 
items (e.g., china or plastic plates, and stainless steel utensils) are being rein
environmentally preferred type of product for serving food in hospitals an
due to the potentially significant cost savings (i.e., less waste to incinerate
benefits (HCWH 2007).  However, it is generally not practical or allowed b
for restaurant customers to provide their durable containers for food ordere
the Code of the King County Board of Health stipula
reuse of “single-service articles” is prohibited (COKCBOH 2007).   

It is also unlikely that a take-back program for to-go food service items wo
practical by the g
Therefore this section focuses on the various types of reusable shopping bag
or under development.   

Several types of reusable shopping bags are currently available as alternat
and paper shopping 

and nylon.  These reusable bags are extremely durable, and it is estimated th
hundreds or thousands of times compared to disposable bags de
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 Reusable bags would offer significant environmental benefits over 
traditional alternatives (see section titled Life Cycle Assessment)   

 Citizens would be actively participating in practices that promote a clean 

Retailer costs for purchasing plastic and paper shopping bags would no 

e.g., less money spent 
leanup, and enforcement) 

 be assisted by 

y include:    

per industry and loss of jobs in 

vy when packed) 

r repellency 

 have been through 
rease in theft. 

ket almost daily.  
e designed to be more 

venient, and have a lower life cycle cost than disposable or reusable bags that are 
currently in use.   

tems that are generally 
le depends on several 

ether a local collection 

e material.   

Several types of bags on the market are recyclable.  In Seattle, the most readily recyclable bags 
are made from polyethylene, polypropylene, and paper.  Current recycling outlets for paper bags 
are well established.  Low-density polyethylene (LDPE) and high-density polyethylene (HDPE) 
bags have found growing markets domestically, primarily from composite building product 

and sustainable environment 

 
longer be passed on to customers 

 Significant cost savings would accrue to taxpayers (
on litter prevention, c

 Development of the emerging “green economy” would
spurring the reusable bag industry. 

Disadvantages of reusable bag use ma

 Decreased revenue for the plastics and pa
bag manufacturing 

 Inconvenience for some shoppers (i.e., too hea

 Lack or decrease in wate

 Difficulty for retailers in determining if customers
check-out line, with consequent potential inc

New types of reusable bags are under development and appear on the mar
These bags are made from a variety of natural and synthetic fibers and ar
durable, con

Recyclable 

This section summarizes the types of shopping bags and food service i
considered recyclable.  Whether or not certain materials are recyclab
factors including the type of material from which the product is made, wh
system is in place for the material, whether food residue or other contamination affects the 
recycler’s ability to process the material, and whether a market exists for th
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manufacturers, pipe manufacturers, garden edging and corner board manufacturers.  Overseas 
markets include other injection grade applications for consumer products and component parts, 
and lower quality (and/or black) bags.   

ne (PP), woven LDPE, 
postable, but do not 

g infrastructure, and have few end markets.  The reuse channel 
would not be viable 

ics collected from 
es.  Some food service containers made from PP or HDPE are 

s).  Markets for these 
ude aluminum foil.   

g are currently 
 Seattle.  Again, food 
infrastructure is either 

om industrial 
 being landfilled.  At 

d ship it to a plastics 
regon.   

00 collection 
 study commissioned 

n pounds were 
illion was post-

nds recycled from 
mercial.  All of the material cited is described as 

 EPS, it is likely that 
arkets 

will limit food service EPS recycling for the near- to mid-term future.  The AFPR indicates that 
 post-consumer EPS 

dv ntages of recyclable shopping bags or food service items may include the following:    

frastructure exists for plastic and 
paper bags 

 Recycling products at end of life is generally environmentally preferable 
to disposal 

Bags made from other recyclable materials (e.g., non-woven polypropyle
canvas, etc.) suffer from the fact that they are technically recyclable or com
have a collection or processin
(e.g., through second hand stores) may be a viable option, but this channel 
for those bags that are past their useable life.   

In Seattle, uncoated paper food service products are compostable in organ
residential and commercial curbsid
also recyclable in the curbside collection system (e.g., dairy product tub
containers are generally low value.  Other recyclable food service items incl

Neither expanded polystyrene (EPS) food service items nor block packagin
recycled in the residential or commercial curbside collection system in
service EPS is technically recyclable, but the collection and processing 
nonexistent, or in its infancy in Seattle.  However, more and more EPS fr
manufacturing and from commercial sources is being recycled rather than
least one Seattle-based recycling company is ramping up to recycle EPS an
recycler in Portland, O

According to the Association of Foam Packaging Recyclers (AFPR), over 1
locations for EPS have been established nationwide.  A 2006 recycling rate
by the AFPR concluded that of 166 million pounds of EPS sold, 56 millio
recycled.  The AFPR report shows that of the 56 million pounds recycled, 32 m
consumer, and 24 million pounds was post-industrial.  Of the 32 million pou
post-consumer sources, 26 million was post-com
“packaging material” as opposed to food service items.   

Despite the successes cited above, and the technical feasibility of recycling
food contamination, the high volume-to-weight ratio of the product, and available end m

most recycling activity will focus on large volume, commercial sources of
(AFPR 2006). 

A a

 Recycling collection and processing in
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Disadvantages of recyclable shopping bags or food service items may include:    

 Recycling collection and processing infrastructure does not currently exist 
for disposable food service items 

ulting in 
cling streams 

posable” 
 

postable items, and add 
mpostable organics stream 

tion of recycling containers 

sing infrastructure, and 
 developed, and 

dvances in the 
 promote additional 

materials, depending 
s, and in some cases, 

ction. 

Biodegradable/Compostable 

als can be classified 
ether they require the 
uire heat, ultraviolet light, 

e materials they are 
xample whether they are made from natural starch polymers, from 

tive to facilitate 

degrade, based on whether 
adable or water-soluble: 

 Recycling for different items may develop differently, causing confusion 
as to which items are recyclable and which are not, res
contamination of recy

 Recyclable items do not provoke a change in the “dis
consumption mentality

 Recyclable items may be confused with com
contamination to the co

 Space constraints may impede loca

Recyclable bags and food service items depend on a collection and proces
end markets, in order to be recycled.  New technologies are constantly being
older technologies are being applied to newer products and materials.  A
economics of densifying, washing, drying, and blending materials will
recycling.  New end-use technologies will also drive demand for recycled 
on general economic conditions, virgin feedstock prices, consumer attitude
government a

Based on an Australian study on degradable plastic bags, degradable materi
in two ways:  “according to the way that they degrade, for example wh
actions of microorganisms (i.e. are biodegradable), or whether they req
mechanical stress or water in order to break down; and according to th
manufactured from, for e
synthetic polymers or from a blend of a conventional polymer with an addi
degradation (Nolan-ITU 2003).” 

The Australian study goes on to describe the ways that polymers can 
they are biodegradable, compostable, oxo-biodegradable, photodegr

 “Biodegradable polymers are those that are capable of undergoing 
decomposition into carbon dioxide, methane, water, inorganic compounds 
or biomass in which the predominant mechanism is the enzymatic action 
of microorganisms, that can be measured by standardized tests, in a 
specified time, reflecting available disposal conditions. 
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 Compostable polymers are those that are degradable under composting 
conditions.  To meet this definition they must break down under the action 
of microorganisms (bacteria, fungi, algae), achieve total mineralization 
(conversion into carbon dioxide, methane, water, inorganic compounds or 

ation rate must be biomass under aerobic conditions) and the mineraliz
high and compatible with the composting process. 

 Oxo-biodegradable polymers are those that undergo co
degradation through the incorporation of prodegrad
that can trigger and accelerate the degradation process). Degradation for 

ntrolled 
ant additives (additives 

, heat and/or mechanical 
 under the influence 

egradable polymers

these polymers is initiated by natural daylight
stress, and they embrittle in the environment and erode
of weathering. 

 Photod  are those that break down through the action of 

ess can be assisted 
er. 

ultraviolet (UV) light, which degrades the chemical bond or link in the 
polymer or chemical structure of the plastic. This proc
by the presence of UV-sensitive additives in the polym

 Water-soluble polymers are those that dissolve in water with
designated temperature range and then biodegra
microorganisms (Nolan-

in a 
de in contact with 

ITU 2003).” 

gradable materials, 
s including: 

 The study also describes the varied composition of de
with the main categorie

 Thermoplastic starch-based polymers made with at least 90% starch from 
r wheat.   renewable resources such as corn, potato, tapioca, o

 Polyesters manufactured from hydrocarbons (oil or 
degrade eventually, with degradation rates

gas). All polyesters 
 ranging from weeks for 

aliphatic polyesters (e.g. polyhydroxyalkanoates (PHA)) to decades for 
aromatic polyesters (e.g. polyethylene terephthalate, PET). 

 Starch polyester blends that mix thermoplastic starch with po
from hydrocarbons. 

In the 1990’s several new polymers entered the market, most notably star
The U.S. Federal Trade Commission, the U.S. Congress, several state attorn
other entities became concerned about claims that the products were biod

lyesters made 

ch-filled polyethylene.  
eys generals, and 

egradable (when in fact, 
polymers remained in small particles after degradation of the starch), and concerned that there 
were no established standard testing procedures to establish and quantify the degradability of 
polymers.  As a result, the American Society of Testing and Materials (ASTM) began developing 
standards to test degradable plastics, and in 1999 published ASTM D 6400-99 (ASTM 2000).  
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According to ASTM D 6400-99 a biodegradable plastic degrades via the action of naturally 
occurring microorganisms such as bacteria, fungi, and algae.  Per ASTM D 6400-99, in order for 
a plastic to be considered compostable, three criteria need to be met: 

mass at the same 

 post, that it is not 

 toxic material and 
rowth (ASTM 2000). 

used on Paper and other 
Compostable Substrates” applies to packaging and food service items made of plastic coated 

Currently, several international organizations have established standards and testing methods for 

ASTM-6400-99) 

EN)  (EN13432) 

O14855 (only for 
biodegradation)) 

 called compostable.  
ies bioplastics under the 

8 standards for "compostable plastics" and awards the BPI 
logo to products that pass this certification.  A summary of the materials used to produce 

cts is contained in Table 4-1. 

ing uncoated paper, which 
enatchee, Service Paper Co. in Renton, 

Sysco Foods in Kent, US Foodservice in Fife, United Grocers in Seattle, Food Services of 
America in Kent, Xpedx in Kent, West Coast Paper in Kent, Willis Marketing in Gig Harbor, 
and Bunzl in Renton, among others.  A variety of web distributors are also available (e.g., 
Biodegradable Foods, www.bdfs.net

 Biodegrade - break down into carbon dioxide, water, bio
rate as cellulose (paper).  

Disintegrate - the material is indistinguishable in the com
visible and does not need to be screened out  

 Eco-toxicity - the biodegradation does not produce any
the compost can support plant g

In addition ASTM D 6868, “Specification for Biodegradable Plastic 

paperboard, and other fibers.  

compostability, including:  

 American Society for Testing and Materials  (

 European Standardization Committee (C

 International Standards Organization (ISO)  (IS

 German Institute for Standardization (DIN)  (DIN V49000) 

The ASTM, CEN, and DIN standards specify the criteria for a plastic to be
In the United States, the Biodegradable Products Institute (BPI) certif
ASTM D 6400-99, and ASTM D 686

biodegradable produ

Local Availability and Use 

Local distributors of compostable bags and food service items (includ
is widely available) are Simplybiodegradable.com in W

).   

http://www.astm.org/
http://www.cenorm.be/
http://www.iso.org/
http://www.astm.org/
http://www.astm.org/BPI-Public
http://www.astm.org/BPI-Public


Alternatives to Disposable Shopping Bags and Food Service Items 
 

wp1   /06-03304-320 alternatives to disposable shopping.doc 

January 29, 2008 4-7 Herrera Environmental Consultants 

Table 4-1. Summary of materials used to produce disposable plastic bags and disposable 
food service items. 

Polymer Category, From Renewable or Non-
Renewable Resources Degradation Pathway Composition 

Biode
Polymers 

Thermoplastic starch derived from corn, potato or 
wheat, blended with additives (e.g. plasticizers) 

Mostly renewable  gradable Starch-based 

 The tarch derived fro

ca )) 

Starch component 
renewable, but 
hydrocarbon-based 
plastics and energy for 
agriculture are non-
renewable.   

rmoplastic s m corn, potato or 
wheat, sometimes blended with polyester 
(polylactic acid (PLA) or poly prolactone (PCL

Thermoplastic starch derived fro
potato or wheat, blended with p  

As above  m tapioca, corn, 
olyethylene

Thermoplastic starch derived
with polyvinyl alcohol (P

 fro lended 
VOH) 

As above  m corn, b

Biodegradable Polyest ccinate (PBS)  Non-renewable  ers Polybutylene su

 Poly (butylene succinate-co-adi Non-renewable  pate) (PBSA) 
copolymers  

 hthala Non-renewable  Polybutyrate adipate terep te (PBAT))  

Adipic acid aliphatic/aromatic c AC) Non-renewable  opolyesters (A

Polylactic acid (PLA)  Renewable  

Polycaprolactone (PCL)  Non-renewable  

Polyhydroxy-butyrate-valerate) Renewable  (PHB/V)  

Blends of polyhydroxybutyrate  Combination renewable 
and non-renewable  

(PHB) with PCL 

Modified PET  Non-renewable  

Controlled Degradatio l and
egradant additive  

Non-renewable  n Polyethylene with a therma
prod

/or UV 

Water soluble Polymers d et  
alcohol (EVOH)  

Non-renewable  Polyvinyl alcohol (PVOH) an hylene vinyl

Photodegradable Polymers Thermoplastic synthetic polymers or copolymers  Non-renewable  

Source:  Nolan-ITU 2003 
 

As discussed earlier, the use of biodegradable items is dependent on 
system to accept the material o

an adequate composting 
nce used.  Cedar Grove maintains a list of products that have 

passed its compostability criteria, and are acceptable for composting in their system.  The list is 
included in Appendix D.  For comparison, the list of acceptable compostable products in San 
Francisco’s composting system is also included in Appendix D, as well as a list from the 
Biodegradable Products Institute (BPI).   
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For comparison purposes, general information on the costs of traditional plastic versus 
compostable clamshell take-out food containers, and hot and cold cups was gathered from three 
websites; www.WEBstaurantStore.com, www.biodegradablestore.com, and 
www.worldcentric.org (see Table 4-2 below).  It is notable that the WEBstaurantStore.com did 

Pricing of traditional versus 
 ordered, shipping 

 clamshell take-out 

Item Material Type per Case Case Cost Information Source 

not appear to carry alternative compostable food service products.  
alternative food service products is highly variable and depends on volume
costs, and negotiations at the discretion of the distributor.  

Table 4-2. Cost comparison of plastic versus compostable cups and
food containers.  

Number Cost per Unit 

6-inch clamshell EPS  $18.99 500 b $0.04 WEBstaurantStore.com  
art Container Corp) (D

6-inch clamshel GPPS  $1l 125 0.99 b $0.088 WEBstaurantStore.com 
(Dart Container Corp) 

6-inch clamshel Bagasse  6 Biodegradablestore.com l 500 $ 2.90 a $0.13 
6-inch clamshel Paper (sugar  gras  $1 Biodegradablestore.com 

(GreenWave) 
l cane, s, 100

and reed plasma) 
3.99 a $0.14 

6-inch clamshel 200 $3 .18 Waresdirect.com 
(GenPak Corp) 

l PET 6.30   $0

6-inch clamshel PLA   $5 Biodegradablestore.com 
(Natureworks PLA) 

l 250 1.50  $0.21 a

6-inch containe Paper  $4 WEBstaurantStore.com r 160 9.99 a $0.31 
6-inch clamshel PP  $3l 100 8.49 b $0.38 WEBstaurantStore.com 

(Anchor Packaging) 
12-ounce cold cup   Bagasse 1000 $8 Centric.org 

ounce cup is largest they carry 
1.50  $0.08 World

12-
16-ounce cold c clear 0 $1 degradablestore.com (Eco-

ducts) 
up PLA 100  01.50  $0.10 Bioa

pro
16-ounce cold c coated pa 0 $3up PE- per 100  8.99 b $0.04 WEBstaurantStore.com (Solo) 
16-ounce cold c PET colored 0 $1up  100  19.00 b $0.12 WEBstaurantStore.com (Solo) 
16-ounce cold c e 0 $2up PS transluc nt 100  8.99 b $0.03 WEBstaurantStore.com (Dart) 
16-ounce cold c EPS 0 $2up 100  9.99 b $0.03 WEBstaurantStore.com (Dart) 
16-ounce hot cu  with g trip

and PLA lining 
0 $1 Biodegradablestore.com (Ecotainer) p/lid Paper reen s e 100  13.10 a $0.11 

16-ounce hot cup/lid EPS 1000 $66.99 b $0.07 WEBstaurantStore.com (Dart) 
16-ounce hot cup/lid PE-coated paper 1000 $63.99 b $0.06 WEBstaurantStore.com 

nd Chinet)  (Solo a
a  F e  shipping on orders over $995. 

lude the following:    

 Composting collection and processing infrastructure currently exists 

 Compostable food service items could significantly increase food scrap 
and greenwaste diversion because food service items could be composted 

 r e
b  Does not include standard shipping charges by UPS or FedEx 
 
Advantages of compostable shopping bags or food service items may inc
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along with food scrap, and bags would not need to be separated before 
composting 

 Compostable items provide some environmental benefits compared to 
e Cycle 

s may include:    

ore costly, and distributors less available 

 Compostable items provide some environmental disadvantages compared 
tion Life Cycle 

s may develop differently, causing 
nd which are not, resulting 

  if 
 reducing plastic 

 and subsequently 
sumer resins 

gradable” does not 

frastructure has limits to the 
the system 

 Compostable items do not provoke a change in the “disposable” 

e items, and add 
ream 

and Seattle’s contracted 
processing regarding suitability for acceptance 

mpostable items do not handle hot foods and liquids as well as 
traditional alternatives (>110 degrees F) 

 Compostable items may have a lower shelf life if exposed to heat, light, or 
moisture. 

traditional alternatives, even if not composted (see section Lif
Assessment). 

Disadvantages of compostable shopping bags or food service item

 Compostable products can be m

to traditional alternatives, even if composted (see sec
Assessment) 

 Composting for different item
confusion as to which items are compostable a
in contamination of the composting process 

Bags or items may contaminate the existing plastic recycling stream
they are not properly collected and composted, thus
recycling opportunities or increasing sorting costs
increasing the cost of post-con

 A clear distinction between “compostable” and “biode
exist on the part of the public.  Education would be needed. 

 Composting collection and processing in
proportion of non-organic material going into 

consumption mentality 

 Compostable items may be confused with recyclabl
contamination to the recycling st

 Discrepancies exist between product standards 

 Co
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Future Product Development 

Most biobased products are in the early stages of commercial development. Medium and long 
term progress both in agriculture and production will likely lead to more efficient production 
systems for these products (Patel et. al.2003).  Advances in the fermentation and recovery 

tion systems are making corn-based plastics more favorable in terms of 

reduce environmental 
ce compostable food 
 

biodegradable / 
mple, Natureworks PLA is a 

LC, an independent 
olly owned by Cargill.  The 

g strength, weight, and 
A-1 to PLA-NG) in 

.  Foamed starch is 
for polystyrene foam 

04).   

process for corn produc
non-renewable energy and global warming. Technological improvements and use of alternative 
crops, crop production systems, or agricultural wastes will significantly 
impacts.  One problem arising from the use of crops such as corn to produ
service products may be upward pressure on food prices (EPOBIO 2006). 

Products under development include next-generation versions of existing 
compostable plastic films and food service items.  For exa
compostable plastic produced from corn produced by NatureWorks L
company formed by a joint venture of Cargill and Dow and now wh
product continues to be refined to improve several characteristics includin
compostability.  Examples of the specific improvement progression (i.e., PL
the product can be reviewed in (Natureworks, LLC 2006).   

New products include those made with foamed starch.  Foamed starch can be blown by 
environmentally friendly means into a foamed material using water steam
antistatic, insulating, and shock absorbing, and is a potential replacement 
(Nolan-ITU 20
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5 Life Cycle Assessment 

The previous sections of this report detailed the strategies and the availability of alternative 
products being em le shopping bags and food service items 
around the ironmental impacts created by disposable 
plastics in Seattle, while being careful to avoid solutions that inadvertently create other, or more 

y the City, the 
f existing and alternative shopping bags and food service items were 

ent (LCA) studies.  
tal impact of products 
rnational Standards 

Definition of Life Cycle Assessment (LCA) 

cycle of a product or 
ct or service includes 
transport, production 
ave.”)  In a life cycle 
 cycle of the studied 

uated (Fridge, 2002).  More 
adle’ has been used to emphasize the continued reuse, 

ssessment as “an 
h a product, process 

 by identifying and quantifying energy and materials used and wastes released to the 
ironmental improvements 

LCA that apply to the 
objective of this an

fying opportunities to improve the environmental aspects of products 
at various points in their life cycle 

 Assisting decision-making in industry, governmental or non-governmental 
organizations 

ployed to reduce the use of disposab
 world.  It is the City’s goal to lessen the env

severe, environmental impacts.   

In order to inform the development of policy options under consideration b
environmental impacts o
reviewed and analyzed, primarily through published Life Cycle Assessm
LCA is a widely acknowledged approach to characterize the environmen
and processes, and its methodology has been standardized under the Inte
Organization (ISO) 14040 series.   

Life Cycle Assessment is an assessment tool that examines the whole life 
service, and quantifies its environmental impacts.  The life cycle of a produ
extraction of natural resources (the “cradle”), production of raw materials, 
of the product, transport and use, and waste management/recycling (the “gr
assessment, the environmentally relevant input and output flows of the life
products, and their environmental impacts are calculated and eval
recently, the term ‘cradle-to-cr
composting, and recycling of a resource. 

The U.S Environmental Protection Agency (EPA) defines a Life Cycle A
objective process used to evaluate the environmental burdens associated wit
or activity
environment, and to evaluate and implement opportunities to affect env
(EPA, 1993).   

The International Standards Organization (ISO) identifies key uses of 
alysis, including: 

 Identi



Alternatives to Disposable Shopping Bags and Food Service Items 
 

 wp1   /06-03304-320 alternatives to disposable shopping.doc 

Herrera Environmental Consultants 5-2 January 29, 2008 

 Providing relevant indicators of environmental performance (ISO 14040 
2006 as cited in IFEU 2006). 

ISO defines an LCA as having four phases: 

 Goal and scope assessment.  The goal of the study includes the intended 
application and audience, and the reasons for carrying out the study.  The 

 includes the study limitations, the functions of the 
oducts home from 
mount of a product 

eekly shopping trip for 
., plastic bags, paper 

undaries (e.g., raw 
use), the allocation 
 multiple products 
ents, the key 

e environmental 
d the type of reporting. 

scope of the study
systems investigated (e.g.,, carrying groceries and pr
stores), the functional unit (e.g., 10,000 bags, or the a
necessary to achieve a certain function, such as a w
an average household), the systems investigated (e.g
bags, compostable bags, reusable bags), the system bo
materials, manufacturing, disposal, but not consumer 
approaches (e.g., energy and material inputs between
from the same material feedstocks), the data requirem
assumptions, the impact assessment method (e.g., th
categories analyzed), the interpretation method, an

 Inventory analysis.  Inventory analysis involves data collection and 
calculation procedures to quantify the total system's
that are relevant from an environmental point of view (
use, atmospheric emissions, aqueous emissions, solid w
(Patel

 inputs and outputs 
i.e. mainly resource 
aste, and land use) 

, 2003). 

 Impact assessment.  Impact assessment involves exam
system from an environmental perspective, and
significance using category indicators, such as energy
warming, acidification, and eutrophication.  Some of
in this report also apply single-score aggregation methods (e.g., Eco-
indicator '95, see Dinkel et al., 1996). Finally, some L
reviewed for this report) aggregate the results determined for the various 
impact categories monetarily for incorporation into cost b

ining the production 
 evaluating environmental 

 use, global 
 the LCAs reviewed 

CAs (though none 

enefit analysis. 
 on scientific facts but also 

3). 
However, this valuation step is based not only
on subjective choices and societal values (Patel, 200

 Interpretation.  Interpretation is the final step of 
conclusions are drawn from both the inventory analy
assessment in relation to the goal of the study.  An ana
contributions, sensitivity analysis and uncertainty 

the LCA where 
sis and the impact 

lysis of major 
analysis is also 

conducted (ISO 2006). Limitations of the results are presented and 
recommendations can be directed to producers or policy makers.  (Patel, 
2003).  Sometimes an independent critical review is necessary, especially 
when comparisons are made that are used in the public domain. (ISO 
2006) 
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Review of Existing LCA Studies 

To create a detailed view of the environmental impacts of disposable shopping bags, disposable 
food service items, and their alternatives, a wide array of reports, articles, presentations, and 

rences).  The main findings are contained in the following 

 studies that cover 

accordance with ISO 14040 series (or equivalent best-practice guidance) are referred to as ‘full’ 
assessments1 or where 

es only) are 

ative product types of the range detailed in the 
re review conducted for 

 paper, plastic, 
t not limited to: 

nd Natural Fibres.  
i Dipl.Geoökol. 

er (2003) 

our Bags.  (2003) 

lia – Plastic Shopping Bags-Analysis of Levies and 

ags in Australia – Final Report to 
004) 

ene and 

n ddition, the literature review conducted for this report found several studies that dealt with 
posable food service items, 

 Environmental Assessment of Bio-Based Polymers and Natural Fibres.  
Dipl.Geoökol. 

dinger (2003) 

                                                

standards were reviewed (see Refe
section of this chapter.    

Neither a full LCA nor a partial LCA was prepared for this report.  LCA
cradle-to-grave assessments based on a ‘functional unit’ of product and are conducted in 

LCAs.  Studies that are limited, for example by cradle-to-factory-gate 
only limited environmental impact categories are used (e.g. greenhouse gas
considered to be ‘partial’ LCAs (Murphy, 2004).   

In order to provide comparisons between altern
last chapter, it was necessary to review comparative studies.  The literatu
this report found several studies that dealt with direct comparisons between
reusable, and/or biodegradable disposable shopping bags, including bu

 Environmental Assessment of Bio-Based Polymers a
Dr. Martin Patel, Dr. Catia Bastioli, Dr. Luigi Marin
Eduard Würding

 Environmental Impact Assessment of Carref

 Environment Austra
Environmental Impacts (2002) 

 The Impacts of Degradable Plastic B
Department of the Environment and Heritage (2

 Resource and Environmental Profile Analysis of Polyethyl
Unbleached Paper Grocery Sacks (1990). 

I  a
direct comparisons between paper, plastic, and or biodegradable dis
including but not limited to: 

Dr. Martin Patel, Dr. Catia Bastioli, Dr. Luigi Marini 
Eduard Wür

 
1 Cradle-to-factory gate analyses evaluate the inputs and outputs only to the point prior to use in a product 
manufacturing system (e.g., plastic pellets) 
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 Life Cycle Inventory of Polystyrene Foam, Bleached Paperboard, and 
Corrugated Paperboard Food service Products (2006) 

 Life Cycle Inventory of Five Products Produced From Polylactide (PLA) 

Life Cycle Assessment of Polylactide (PLA).  A Comparison of Food 
native Materials.  

d At Events (2004). 

ore limited scope, partial 
pacts because they address 

etailing environmental impacts from the target 

eview 

mental comparison 
t previously made 

n of different LCA 
2) differ in what is 

roaches to environmental 
ssed in the next 

 more environmentally sound 
practices by and for its citizens.  LCAs also reinforce the concept of whole life cycle thinking 

nmental and sustainability matters (Murphy, 2004).   

le concepts in comparing 
As highlighted a variety of assumptions and 

ow complete a picture can 
ing products from different 

 All of the decisions made during the Goal and Scope Assessment phase of 
an LCA are determined by the sponsor of the analysis and the LCA 
practitioner.  The ISO standards themselves indicate that LCAs are 

and Petroleum-Based Resins (2006) 

 
Packaging Made From Natureworks® PLA and Alter
Final Report (2006) 

 Comparative LCA of 4 Types of Drinking Cups Use

These studies represent both full and partial LCAs.  Despite their m
LCAs also contribute to a better understanding of environmental im
materials that have not been studied from this perspective before. 

In addition to the few U.S. research publications d
products addressed in this report, several additional published studies were reviewed that were 
conducted in Europe and Australia.   

Goal of the R

The goal of this study’s review of LCAs is to create a level of environ
between alternative products (and within different policy strategies) no
available to the City of Seattle.  LCA experts admit that direct compariso
studies is difficult because they 1) commonly deal with different products, 
included or excluded from the analysis, and 3) may adopt differing app
impact assessment (Murphy, 2004).  Notable limitations of LCAs are discu
subsection.  Despite these limitations, the outcomes of LCAs provide important decision support 
information for the City of Seattle in the move to encourage

when addressing enviro

Assumptions and Limitations 

There is some disagreement among experts about the utility of life-cyc
products.  This study’s review of existing LC
limitations that are applicable to all LCAs.  These limitations affect h
be achieved of environmental impact, particularly when compar
LCAs.  Assumptions and limitations include the following: 
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restricted by value judgments and available scientific knowledge (ISO 
2006).  As a result, the impact assessment and interpretation often depends 
on the environmental priorities of the industry segment or public agency, 
and may affect the subjective ranking of impacts (Fridge, 2002). 

 to the goals of the 
nt.  Some studies 

s look at “cradle-to-cradle” 
mon).  Some look 

ufacturing system 
 do not take account 

 Materials processing, where the amount of material required to 

 bags 

 can play a role  

ng processes can be 
roup (Patel 2001) 

er for each supplier, 
nt methods of primary 

e, 2002) 

whole series of smaller 
ollections of 

ventory data can be 
 in inventory data 

ot, 2004).  
, or is only available in an 

antified as totals rather 
).  The result can make 

rough impact assessment difficult (Rosselot, 2004). 

rovide complex 

attributed). 

 Difficulties in conducting an inventory arise when processes that 
generate more than one product are studied (Fridge, 2002). 

 LCA studies set their own system boundaries according
analysis and may not be readily comparable if differe
look at “cradle-to-cradle” systems, while other
systems but exclude the consumer use phase (most com
only at the “cradle-to-factory gate” system, which evaluates the inputs and 
outputs only to the point prior to use in a product man
(e.g., plastic pellets).  “Cradle-to-factory gate” studies
of:  

manufacture a certain end product might be higher or lower 

 Transportation, which can be substantial for end products with a 
low density such as plastic bags versus paper

 Consumer use, where behavior

 Waste management, where logistics and recycli
tailored to a specific product or product g

 Once the system boundaries are set, data details diff
specific process used, location, and domina
production that are to be included in the LCA (Fridg

 Life cycle inventory (LCI) data often relies on a 
process data sets, either for individual processes or c
individual processes.  However, collection of in
extremely costly and time consuming and often results
that is incomplete or inaccurate (Fridge, 2002; Rossel
Sometimes inventory data is proprietary
aggregated format (e.g., air and water emissions qu
than given as quantities for individual constituents
a tho

 During life cycle inventory, manufacturing systems p
allocation problems (i.e., to which systems inputs and outputs can be 
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 When products are made from many materials, the environmental 
inputs and outputs of each significant component (all potentially 
very different) must be inventoried (Rosselot, 2004). 

 back into the same 
r product (open-loop 

nked, making the analysis more 

put (e.g. energy 
as capture or recycling of the product or its 

issions 
 concept of energy or 

ed by other 

pact assessment, there are national 
m difference sources of 

ent infrastructure in 
omposting).  All 

paring results. 

assessment phase, 
pending on the 

he impact assessment 
priorities of the 

 sponsoring the analysis, and may affect 

hnologies and data are 
tors revised 

 cut emissions or 
 ten years.  At the same 

in response to 
ifferent according to 
dustry has made 

consistent gains in “lightweighting” products, that is, using less material in 
n both these 

navailability of recent data) can 
cause distortions (Rosselot, 2004).   

The ISO standards also discuss limitations inherent to LCA, including the assumptions made, 
restrictions of data accessibility, availability, and quality (ISO 2006).  

 When products are recycled they are converted
product (closed-loop recycling) or into anothe
recycling) and life cycles become li
complex (Rosselot, 2004). 

 When a disposal process generates a certain out
from landfill g
materials) this not only causes emissions, but also saves em
(Rosselot, 2004). Some studies introduce the
emission credits to account for the avoided impacts of a process 
and they are deducted from the emissions caus
processes. 

 In addition to the above, during im
differences in technology used, CO2 emissions fro
electricity generation, and the type of waste managem
place (i.e., incineration, landfilling, recycling, and/or c
contribute to the difficulty in com

 Weighting, which can be done during the impact 
assigns a weighting factor to each impact category de
relative importance (ISO 14040 2006).  However, t
and interpretation often depends on the environmental 
industry segment or public agency
the subjective ranking of impacts (Fridge, 2002). 

 The age of the study is a complicating factor, as tec
updated and improved, and environmental impact fac
(Murphy, 2004).  For example, some industries have
energy use by substantial amounts during the last
time, manufacturing technologies have changed either 
regulation or to industry’s efficiency gains (or are d
geographical location).  For example, the plastics in

product applications with no loss of quality or function.  I
cases, the use of obsolete data (or the u
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Given this range of assumptions and limitations, LCAs often do not indicate clear winners and 
losers, but do highlight environmental implications and tradeoffs (Europen, 1999).  Several 
researchers highlight the challenge of using LCAs to show that one product is environmentally 
preferable to another (Patel 2001) 2.  Despite the level of uncertainty, most industry and public 

l tool for informing 
sselot, 2004) 

f our review of available LCAs relevant to the City of 
d represent the most recent and relevant results regarding 

ature search.  The reports 
in this report.  Review 

he information 
ese summaries.  

g Bags 

astic bags, one-way 
ble bags.  “One-way” 

 reflect the reuse of 
pling of Seattle 

urposes (SPU 2007).  
ve a positive effect on 

 used, including units, are 
contained in Appendix E.  All individual inventory results are contained in Appendix F. 

ibres.  Dr. Martin Patel, 
er 

noates (PHA), two with 
ins, epoxidised linseed 

d on flax, hemp, and china reed (miscanthus).  These reports 
out both petrochemical 

lts represent the state of 

professionals agree that life-cycle assessments are an important and usefu
environmental management systems and public policy (ACC 2007; Ro

Life Cycle Impact Review Results 

This section summarizes the results o
Seattle’s goals.  The reports reviewe
disposable shopping bags and food service items found during the liter
contain a wealth of information, in far too much to detail to present fully 
of the reports in their original context would prove a useful supplement to t
presented here, and a glimpse into the complexity of the analysis behind th

Disposable Shoppin

Several reports made direct comparisons of “one-way” disposable pl
disposable paper bags, one-way biodegradable/compostable bags, and reusa
refers to the bags’ primary use as one-time use bags.  The reports do
disposable bags of all types for other purposes, which is consistent with a sam
residents that indicates 46 percent of people in Seattle reused bags for other p
As would be expected and as shown in the results that follow, this can ha
environmental impacts.  Definitions for all environmental indicators

1. Environmental Assessment of Bio-Based Polymers and Natural F
Dr. Catia Bastioli, Dr. Luigi Marini Dipl.Geoökol. Eduard Würding

This report was prepared in 2003 and reviewed twenty life cycle assessments.  Seven of the 
studies reviewed deal with starch polymers, five with polyhydroxyalka
polylactides (PLA), three with other bio-based polymers (lignin-epoxy res
oil) and three with composites base
are a mixture of full and partial (mostly) LCAs, and include data ab
plastic pellets and biobased and biodegradable plastic pellets.  The resu
the art technologies at the time of the studies.   
                                                 
2 Patel summarized several researchers regarding the limitations of LCA as a tool for decision support.   
“… Finnveden (2000) points out that it is - strictly spoken – impossible to show by means of an LCA that one 
product is environmentally preferable to another. This has to do with the fact that universal statements are logically 
impossible to prove. Let us, for example, assume that a product A is (objectively) preferable to product B in 
environmental terms. Even if there is an LCA showing this, it is likely to contain some methodological and 
empirical choices that are uncertain to some extent. (Finnveden, 2000).” 
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Type of Bags: Petrochemical plastic pellets (high density polyethylene (HDPE), low density 
polyethylene (LDPE), linear low density polyethylene (LLDPE), general purpose polystyrene 
(GPPS), expanded polystyrene (EPS) and bio-based and biodegradable plastic pellets 
(thermoplastic starch (TPS), TPS + polyvinyle alchohol (PVOH), TPS + polycaprolactone (PCL), 
PLA, (PHA). 

Full or Partial LCA: Partial 

Functional Unit: 1 kg of material 

Environmental Indicators Used: Non-renewable energy; greenhouse gas (GHG) emissions; 
ion; and Eutrophication.   Ozone precursors; Acidificat

Assessment Results: See Table F-1 in Appendix F. 

Assessment Conclusions: The authors conclude that in spite of some uncertainties and 
lymers can “make 

ibute to sustainability 
ticularly true when 

 is true for biobased 
the materials studies, 
e current technology 

mers (Patel 2001).   

information gaps (see below), the LCAs indicate that biodegradable po
significant contributions to reducing environmental impacts and contr
compared to their petrochemical alternatives” (Patel 2001).  This is par
composting is chosen as the waste management alternative.  The same
materials that are not biodegradable.  The authors go on to say that of all 
starch polymers performed best among environmental indicators under th
being used, though some differences were seen between starch poly

Limitations: However, given uncertainties due to limited data at the time, it was not possible to 
conclude whether bio-based plastics should be preferred to petroch
environmentally.  Many of the environmental analyses choose a cradle-to
perspective (i.e., the analysis ends with the product under consideration).  
authors, the most important uncertainties in the LCA studies they reviewe
management phase, “particularly regarding methane emissions from la
yields in waste-to-energy facilities and carbon sequestration due to com
starch polymers the environmental benefits seem to be smaller for PLA

emical plastics 
-factory gate 
According to the 
d related to the waste 

ndfills, energy recovery 
posting3.  Compared to 
 (LCA results only 

available for energy and CO2). For PHA, the achievable environmental advantage currently 
only available for seems to be very small compared to conventional polymers (LCA results 

                                                 
3 The report states, “If a biobased material is recycled through composting, and the compost app
significant emission and energy credits can accrue, because of the value of the compost 
On the other hand a biobased material dumped in a landfill could produce negative effe
evolution of methane as pointed out by Kurdikar et al. (2001) and BIFA/IFEU/Flo-Pak (
studies account for methane (CH4) emissio

lied to land, then 
to sustainable agriculture. 
cts by an uncontrolled 
2001).”  In fact, some 

ns due to anaerobic emissions when compostable products are landfilled, 
while others do not. This can have a considerable impact on the results due to the strong greenhouse gas effect of 
CH4 (Patel 2001), and may even mean that overall GHG emissions from biodegradable polymers manufactured 
from renewable raw materials may be higher than for petrochemical plastics depending on the waste management 
system chosen (Würdinger et al., 2001 in Patel 2001) 
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energy use). For both PLA and PHA, the production method, the scale of production and the type 
of waste management treatment can influence decisively the ultimate conclusion about the 
overall environmental balance.” (Patel 2001).  Finally, the reviewers indicate that the 
characteristics of the starch polymer considered in the studies reviewed, and the type of 

ed in compost versus 

This report was completed by Ecobilan in 2004 for Carrefour, a French grocery chain seeking to 
ent in its own systems.  This analysis is 

composting technology used, may influence the amount of carbon sequester
that which is emitted during degradation4.   

2. Environmental Impact Assessment of Carrefour Bags 

evaluate areas of potential environmental improvem
taken from the document. 

Type of Bags: Disposable polyethylene (PE) shopping bags (14 liter capacity), disposable paper 
shopping bags (20 liter capacity), and disposable biodegradable (Mater-Bi) bag (25 liter 

Full or Partial LCA:

capacity), and a reusable PE bag (37 liter capacity). 

 Full, according to ISO Standards 

Functional Unit: Packaging of 9000 liters of goods (a typical annual purchas
France) 

e volume in 

Environmental Indicators Used: Non-renewable energy consumption
greenhouse gas emissions, air acidification, photochemical oxidants, eutr
solid waste, and littering probability.

, water consumption, 
ophication, residual, 

 

Assessment Results: See Table F-2 in Appendix F. 

Assessment Conclusions: The report (as cited in EuroCommerce 20
all indicators, reusable PE bags are always better than one-way bags, when 
times.  In addition, one-way PE bags perform better than the other bags, exc
probability “particularly in costal areas,”  and represent the next preferable
as bin liner) and sent to energy recovery (not applicable in Seattle).  Pap
be the least environmentally preferable option.  This was due to the gre
(materials and fuels for transport from greater weight per bag) that they 
indicated that compared with lightweight plastic bags, paper bags:  consum

04) concludes that “for 
reused at least 4 
ept for littering 

 option, if reused (e.g. 
er bags are also shown to 

ater amount of resources 
require.  The report 

e about the same 
amount of energy; create about the same amount of photochemical oxidants; consume three 

phication (nitrate and 

                                                

times the amount of water; create 90% more greenhouse gas emissions; create 80% nitrogen 
oxide (NOx)/sulphur dioxide emissions; create 12 times the level of eutro

 
4 It is generally assumed that the carbon dioxide originating from biomass is equivalent to the amount which was 
previously withdrawn from the atmosphere during growth, and that it therefore does not contribute to global 
warming (fossil fuels required for transportation processing the crops and producing fertilizers are accounted for 
separately). 
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phosphate pollution to water) and 80% more solid waste.  Paper bags performed better in the 
litter category. 

The report also concludes that materials production is the dominant source of environmental 
nufacture generates 

t still significant) impacts than materials production, while use impacts are relatively 
minor.  Waste management contributes mainly to litter probability, residual solid waste, and 

ontribute to reducing all 

impact for all types of bags and for most of the indicators.  Also, bag ma
lower (bu

greenhouse gas emissions.  As a result, weight minimization and reuse c
of these impacts.   

Limitations: Because of it’s orientation toward the French store’s operati
applicability

ons, this LCA’s 
 to the Seattle situation may be affected due to the potential for different technology 

 

atural gas versus hydroelectric) 

es 49% incineration 

itchen bin liners 

sed once 

 100% land filled or 100% incinerated at the end of life 

oncludes that reusing one-way PE bags improves its environmental 
performance, as does reuse of a paper bags reusable PE bags remain better for all indicators 

nd Environmental 

ent of the 
Environment and Heritage in 2002.  This report comes close to the combination of policy 

e report compares 
licy options aimed at 

Type of Bags:

use, regulatory regimes, and waste management options.  For example:

 Energy sources are different (coal, oil, n

 The French mix of waste management options includ
and 51% land filling, with 45% paper recycling. 

 However, when sensitivity analyses is applied, the results cited above do 
not change with the following changes: 

 Reuse -up to 65%- of one-way PE bags as k

 Paper bags reu

 30% recycling of PE reusable bag. 

Finally, the report c

when reused over 4 times. 

3. Environment Australia – Plastic Shopping Bags-Analysis of Levies a
Impacts  

This report was completed by Nolan-ITU Pty. Ltd for Environment Australia, Departm

analysis and LCA report parameters that best match the needs of Seattle.  Th
the environmental, economic, and social outcomes of several different po
reducing litter from disposable shopping bags. 

 Disposable HDPE shopping bags, disposable 50% recycled HDPE shopping bags, 
boutique LDPE shopping bags, Coles Calico shopping bags, woven HDPE reusable shopping 
bag, reusable polypropylene (PP) fiber shopping bag, disposable kraft paper shopping bag, 
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reusable solid PP smart box, reusable LDPE shopping bag, biodegradable starch-based shopping 
bag, and biodegradable PE shopping bag with prodegradant additives. 

Full or Partial LCA: Full but “Streamlined” (data is the result of a streamlined study using 
fic bag) 

Functional Unit:

existing data, rather than data from the actual processes used for each speci

 Bags necessary for a household to carry approximately 70 grocery items 
home from a supermarket each week for 52 weeks 

Environmental Indicators Used: Material consumption, litter, greenh
primary energy use 

ouse gas emission, 

Assessment Results: See Table F-3 in Appendix F. 

Assessment Conclusions: The report concludes that available policy options do have the 
energy consumption, and 

ngle use disposable 
ver the full life cycle 
de by switching from 
 potential gains in 

nificant differences 
vy duty plastic bags 

t on top.  The use of 
uld not deliver 

ITU 2002).” 

potential to significantly reduce environmental impacts in resource and 
littering (Nolan-ITU 2002).  Overall, the report indicates that a shift from si
plastic bags to reusable bags would provide the best environmental gains o
of the packaging.  In addition, “less significant and consistent gains are ma
HDPE to other single use bags, such as paper and biodegradable bags, with
litter being offset by negative resource use outcomes.  There were no sig
[between different] reusable bag environmental outcomes.  Reusable hea
which can combine low resource use, longevity, and recycling came ou
biodegradable bags would offer some benefits in litter persistence but wo
significant resource use gains and would not be compatible with plastic bag recycling (Nolan-

Limitations:  The main issue addressed by the report is litter caused by disp
No data is presented to address other environm

osable plastic bags.  
ental issues such as acidification, eutrophication, 

 about reuse of 

products (e.g. bin liners); and the percentage of bags entering the litter stream.  Correspondingly, 
tancy of the bags, 

gh recycled. 

 potential, but they used a 
 a subsequent study to address marine litter) that 

provides useful guidelines.  The three indicators they use include: 

 Mass of material finding its way into the litter stream – representing mass 
of resources lost from recovery options 

ozone, or human toxicity.   

The report states that the results are highly dependent on assumptions made
HDPE bags and LDPE boutique bags; use patterns for reusable bags; purchase of alternative 

environmental gains from reusable bags are closely linked to the life expec
their weight-to-capacity ratio and their final destination – low litter, hi

The study found it difficult to develop quantitative indicators on litter
methodology in their model (expanded in
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 The area of ground covered by litter – measured in square meters (m2) and 
based on the maximum area which a bag could cover if it became litter 

 The persistence of litter measured in meters squared per year to represent 
. 

eport to Department of the 

This report was completed by Nolan-ITU, ExcelPlas Australia, and the Centre for Design at 
ment and Heritage.  

ental analysis for 
 expands the 

 litter impacts.  Finally, 
t are consistent with the 

ing.  In combination 
f policy analysis and 
ts own policy analysis.   

the area covered by litter over time. (Nolan-ITU 2002)

4. The Impacts of Degradable Plastic Bags in Australia – Final R
Environment and Heritage 

RMIT in 2003-2004 for Environment Australia, Department of the Environ
This report builds on the earlier report cited above by adding the environm
biodegradable bags largely missing from the other report.  This report also
environmental categories considered, placing some emphasis on marine
this report makes assumptions about waste management options tha
general waste management options provided in Seattle, including compost
with the previous report, this report comes the closest to the combination o
LCA report parameters that best match the needs of Seattle for informing i

Type of Bags: Disposable Shopping Bags made from thermoplastic starch (TPS) with a variety 
of co-polymers (Poly (butylene succinate-co-adipate) (PBSA), Polybutyrate
(PBAT), Polycaprolactone (PCL), PE), PLA, disposable HDPE shopp
shopping bag, reusable PP fiber shopping bag, reusable woven HDPE sh
Calico shopping bag, and reusable LDPE s

 adipate terephthalate 
ing bag, Kraft paper 

opping bag, reusable 
hopping bag 

Full or Partial LCA: Full but “Streamlined” (data is the result of a streamlined study using 
existing data, rather than data from the actual processes used for each specific bag) 

Functional Unit: Bags necessary for a household to carry approximately 70 grocery items 
home from a supermarket each week for 52 weeks 

Environmental Indicators Used: Material consum
depletion, eutrophication, litter aesthetics, and litter m

ption, greenhouse gas emissions, abiotic 
arine biodiversity 

Assessment Results: See Table F-4 in Appendix F. 

Assessment Conclusions:  The report concludes that “reusable bags have lo
impacts than all of the single-use bags.  Degradable bags have similar g
conventional HDPE bags (apart from Mater-Bi, which is higher), and depen
the raw material may have much higher nutrient impacts (eutrophication) fro
On the other hand, the conventional polymers have higher resource impacts (abiotic depletion).  

wer environmental 
reenhouse impacts to 

ding on the source of 
m farming activity.  

If the degradable material can be kept out of landfill, and managed through composting, the 
impacts will be reduced, but not eliminated.”  In addition, “the benefits of degradable bags are in 
lower consumption of non-renewable resources and faster rates of degradation in the litter stream 
(with potential benefits for wildlife is less plastics are ingested by fish and marine mammals).” 
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The report went on to say that degradable polymers could help to reduce the impacts of plastic 
bags in litter if exposed to heat, ultraviolet (UV) light, mechanical stress and/or water, though 
actual rates of degradation are unclear.  

odegradable bags on 
 Washington State does 

ocery bag manufacturing, with most competition coming from 
stribution economics 

ibility between 
le plastics. 

The report also pays some attention to the effects of the introduction of bi
plastic bag manufacturers and distributors, and recyclers.  Like Australia,
not have a large amount of gr
other states, or Asian Pacific countries.  The loss in manufacturing and di
was judged low.  However, for recyclers, the report cites the lack of compat
Australia’s current plastic bag recycling infrastructure, and biodegradab

Limitations: Like the previous Australian report, key assumptions fo
presented in this report involve bag weight, relative capacity, and expected 

r all of the results 
life.  In addition, the 

nd geographic differences 

terial (food, paper etc) for organics 
in Seattle.  The 

 to landfill and compost 
rease in impacts 

 in litter. Estimated 
 environment, and 

ucts, take land use 
n of land use in LCAs 

feedstock for non-food and energy production and the need for increased food production as 
population grows (EPOBIO 2006)5.   

relative standard limitations regarding technology, energy sources, a
also apply to the Seattle circumstances.  In addition: 

 The levels of separation of organic ma
treatment modeled in this report are lower than those 
assumptions about the percentage of bags disposed
made by the research underestimate any increase or dec
associated with this waste management option. 

 There is limited data available on degradation rates
degradation times depend on both the resin and the
range from 2 months to more than a year. 

Finally, this study does not, nor do many LCAs prepared for bio-based prod
into consideration.  A growing number of researchers consider the inclusio
desirable because it would capture the potential scarce land conflict between growing biobased 

                                                 
5 Emerging research is being done on the comparison of environmental impacts of bioba
and bioenergy.  Patel states “By comparing the use of biomass for the manufactur
fibers) on the one hand and for energy purposes (bioenergy) on the other, insight can be ga
effective options for land use and cultivation.  Important findings of Dinkel et al. (1996) 
Corbière-Nicollier et al. (2001) are hence that materials based on starch, kenaf and chin
opportunities for energy saving and GHG mitigation than bioenergy (Dinkel et al., 1996; Wo
1997). In contrast, Kurdikar et al. (2001) argue that bioenergy contributes more to GHG em

sed feedstock production 
e of materials (polymers and 

ined about the most 
and the LCA prepared by 

a reed offer larger 
lfensberger and Dinkel, 

ission reduction than 
biomass-derived feedstocks. The main reason for this contrasting finding seems to be that the product and process 
Kurdikar et al. (2001) studied – i.e., the production of polyhydroxyalkanoates [PHA] in plants – currently cannot 
compete with conventional products in energy terms. Wherever the opposite applies – and this is the case for most 
of the other products analyzed – the available results indicate that biomaterials offer higher environmental gains than 
bioenergy. …Comparative assessments will continue to be needed in order to keep track of the aspects of 
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5. Resource and Environmental Profile Analysis of Polyethylene and Unbleached Paper 
Grocery Sacks 

This report was completed by Franklin Associates in 1990, and as such is subject to the 
obsolescence limitations described earlier.  However, the report is one of the original sources of 

ble shopping bags 
disposable shopping bags. 

domestic information regarding the environmental impacts of plastic disposa
versus paper 

Type of Bags: 1/6 barrel polyethylene (HDPE and LDPE) vest type grocer
1/6 barrel 70 pound base weight single ply unbleached paper grocery shopping bags. 

y shopping bags; and 

Full or Partial LCA: Full (ISO standards for LCA were yet to be developed) 

Functional Unit: 10,000 bags 

Environmental Indicators Used: Energy, solid waste emissions, atmospheric emissions, 

Assessment Results:

waterborne wastes,  

 See Table F-5 in Appendix F. 

Assessment Conclusions:  The authors of a recent review of this LCA conclude: 

lene shopping bags 
ing at zero percent 

ergy requirements 
stic 

to paper use ratio) (Fridge, 2002). 

ercent less solid 
ing.  Polyethylene 

aste than paper sacks at 
 wastes included 

st consumer solid 
wastes.  The landfill volume occupied by the polyethylene sack is 70 to 80 

 given equivalent 

ere found to 
 bags at zero 

e shopping bags 
                                                                                                                                       

 “[T]he energy requirements for the plastic polyethy
were found to be 20 to 40% less than for paper shopp
recycling for both bags.  As recycling increases, the en
became equivalent at approximately a 90% recycling rate (for a 2:1 pla

 Polyethylene sacks were found to contribute 74 to 80 p
waste than paper shopping bags at zero percent recycl
shopping bags continued to contribute less solid w
all recycling rates.  For the purposes of this study solid
ash from energy generation and incineration and po

percent less than the volume occupied by paper sacks
uses. 

 Atmospheric emissions for the polyethylene shopping bag w
range from 63 to 73 percent less than for paper shopping
percent recycling.  These lower impacts for polyethylen

                      
competition and complementarities between bioenergy and biomaterials. This is also necessary in order to account 
for innovations in both areas. It would ease such comparisons and the useful-ness for decision-makers if future 
studies dealing with bioenergy and biomaterials always also studied the land use requirements of the various 
options.  (Patel 2003)” 
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continued throughout all recycling rates.  Six components were analyzed 
and aggregated for this category, including particulates, nitrogen oxides, 
(NOx), hydrocarbons, sulphur oxides (SOx), carbon monoxide, and 
odorous sulphur. 

ping bag contributed 
aper shopping bags.  As 

 of recycling increased, the difference was found to increase as 
 for this category, 

 (BOD), suspended 

 At zero percent recycling rate, the polyethylene shop
over 90 percent less waterborne wastes than the p
the rates
well.  Four components were analyzed and aggregated
including dissolved solids, biological oxygen demand
solids and acids (Fridge, 2002).” 

Limitations:  In addition to the technology improvement and enviro
1990 Franklin Study to local circ

nmental data changes that 
affect the applicability of the umstances (mentioned earlier), a 

stances, for example: 

 Sources of energy (nuclear, coal, hydroelectric) 

, emission controls) 

tory requirements) 

ensity to recycle)  

es (landfill gas captured or not, used for 

 paper shopping bags have higher total air emissions than plastic shopping 
bags, paper had higher emissions of particulates, nitrogen oxides, and sulfur dioxides, but lower 

 impacts of 
ves available.  The 

fits are most likely in the form of resource consumption, greenhouse 
gas emissions, and litter reduction.  Despite the difficulty in comparing 
reports with different goals, methodologies, assumptions, functional units, 
product sizes, and locations among others, clear trends have emerged from 
our review. 

number of other issues affect any comparison of this report to local circum

 Raw material source (e.g. coal vs. oil) 

 Production processes (cracking, extrusion technologies

 Conversion processes (new technology and regula

 Consumer practices (reuse, availability of and prop

 Waste management process
energy generation or not) (Fridge, 2002). 

Additional insight is provided by another reviewer of the 1990 Franklin report.  That reviewer 
pointed out that while

emissions of hydrocarbons.   

Disposable Shopping Bag Key Findings 

 The potential exists to reduce life cycle environmental
disposable plastic bag use in Seattle, given the alternati
bene
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 Disposable plastic bags are a significant source of litter around the world, 
in the U.S., and in the City of Seattle.  Disposable plastic bag litter affects 
both terrestrial and marine wildlife. 

t represent a threat 
ing and other 

the greatest 
es (e.g., 4 is 

cited in (Ecobilan 2004).  The environmental benefits of the reusable bag 
n the number of times 

ble shopping bags 
pproach. 

 fewer plastic bags littering 
 

 There were no significant differences in environmental impacts among 
ch can combine low 
best. (Nolan-ITU 

2004). 

ags and paper bags 
 anticipated faster 

degradation rate in both land and marine settings) 

s offer environmental 
 use, even with higher 

hough litter persistence is a major 

mercial-scale 
radable bags offer 
 they are better than 

fered by a shift 
ay 

d greenhouse gas 
degradable bags are 

 infrastructure. 

 Most disposable plastic bags end up in a landfill, where their volume and 
environmental impacts are minimized (assuming no degradation).  The 
total weight of disposable shopping bags as a percentage of the waste 
stream, is minor as a solid waste handling issue – usually less than 0.4% 

 Plastic shopping bags entering the marine environmen
(not quantified) to marine life along with other packag
littered items. 

 In most instances, a switch to reusable bags provides 
environmental benefits if reused a minimum number of tim

relative to those of disposable plastic bags depend o
it is reused.  Policies developed to discourage disposa
should focus on consumer behavior to maximize this a

 Increased use of reusable bags would result in
neighborhoods and being ingested by marine animals.

reusable bags. Reusable heavy duty plastic bags, whi
resource use, longevity and recycling, seem to be the 

 A shift from disposable plastic bags to biodegradable b
would benefit litter persistence impacts (due to an

 Both biodegradable bags and disposable plastic bag
benefits over paper bags in resource and energy
levels of paper bag recycling, t
drawback.   

 Biodegradable bags may offer some other environmental benefits, 
particularly if the waste management option is a com
composting system.  However, it is unclear if biodeg
environmental benefits to a clear enough degree that
disposable plastic bags.  The litter persistence benefits of
from disposable plastic bags to biodegradable bags and paper bags m
come with an increase in resource use, energy use, an
emissions.  (EuroCommerce 2004).  In addition, bio
not compatible with the existing plastic bag recycling
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Disposable Food Service Items 

Several reports made direct comparisons of various type of disposable food service items, 
including clamshells, cups, plates, and cutlery.  The analyses focused on mostly polystyrene and 
other existing petrochemical plastics versus biodegradable polymers, paper, and in some cases 

r fewer LCAs were found during the literature search than were found 
d on polystyrene.  

luding units, are 
 Appendix G. 

ibres.  Dr. Martin Patel, 
Dr. Catia Bastioli, Dr. Luigi Marini Dipl.Geoökol. Eduard Würdinger 

 pellets and biobased 
od service items discussion.  Please 

2. Life Cycle Inventory of Polystyrene Foam, Bleached Paperboard, and Corrugated 

ystyrene Packaging 
les Plastics Panel.   

 items:

reusable alternatives.  Fa
focusing on disposable plastic bags, with much of the research focuse
Definitions for all environmental indicators used for food service items, inc
contained in Appendix E.  All individual inventory results are contained in

1. Environmental Assessment of Bio-Based Polymers and Natural F

The cradle-to-factory gate LCAs that focused on both petrochemical plastic
and biodegradable plastic pellets are also relevant to the fo
refer to that discussion in the disposable bag LCA results section. 

Paperboard Food service Products. 

This report was completed by Franklin Associates in 2006 for the Pol
Council, a part of the American Chemistry Council’s Non-Durab

Type of Food service  

styrene (EPS) 
leached paperboard (used alone and with 

32-oz cups used for cold beverages from EPS foam, PE-coated bleached 

rpose polystyrene 
PS) foam [EPS], PE-coated bleached paperboard, molded pulp 

ed (corrugated) 

ial 

 16-oz cups used for hot beverages from expanded poly
foam, polyethylene (PE)-coated b
corrugated unbleached paperboard cup sleeves) 

 
paperboard, wax-coated bleached paperboard 

 9-inch high-grade (heavy-duty) plates from general pu
(GP

 5-inch sandwich-size clamshells from GPPS foam, insulat
paperboard 

Full or Part LCA: Partial, in that it is a life cycle inventory and does not contain an impact 

Functional Unit:

assessment.  The report covers a cradle-to-grave scope and is compliant with ISO standards in 
most respects.  (See Limitations) 

 10,000 product units 

Environmental Indicators Used: Energy, solid waste (weight), solid waste (volume), 
atmospheric and waterborne emissions, greenhouse gas emissions 
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Assessment Results: See Table G-2 in Appendix G. 

Assessment Conclusions:  The study authors reach the following conclusions regarding the full 
range of product weights analyzed in each product category. 

 For energy, “the difference between system energy totals is not 
ith PE-coated 

ups, molded pulp plates, and fluted 
tween systems are 

ome comparisons, 
leeves and wax-coated 

PS foam plates and 
f paperboard 

 waste, “total solid waste weight comparisons of polystyrene 
ningful in favor of 
polystyrene and paper-

es, polystyrene is 

ll conclusions were 
s in every category 

n 2006). 

 cups with 
6).  For plates, PE-coated 

 other alternatives, 
are inconclusive. 

ibution of 
udes that the weight of 

mental impacts tend to 
rage, secondary 

ing increases the environmental burdens for average weight 
ing adds 14 to 46 

ight foam products 

ffects of low levels of 
recycling.  In general, the report concludes that for all food service 
materials “two percent recycling or composting reduces total 
environmental burdens by two percent or less. The percent reduction for 
recycling is less than one percent, since some of the savings in virgin 

meaningful for comparisons of polystyrene foam systems w
paperboard hot cups and cold c
paperboard clamshells.  Energy differences be
meaningful in favor of polystyrene foam products in s
including PE-coated paperboard hot cups with s
paperboard cold cups. The energy comparison of GP
PE coated paperboard plates is meaningful in favor o
(Franklin 2006).” 

 For solid
foam products and alternative products all are mea
polystyrene. By volume, the solid waste totals for 
based products are comparable (or, in the case of plat
higher) (Franklin 2006).” 

 For atmospheric and waterborne emissions, no overa
made since no system produced the lowest emission
(Frankli

 For greenhouse gas emissions, the comparison of EPS
alternative cups was inconclusive (Franklin 200
paperboard plates compared favorably with all
including GPPS.  For clamshells, comparisons 

 The study also provided a brief assessment of the contr
secondary packaging.  In general, the report concl
secondary packaging and the corresponding environ
be higher for foamed products.  Specifically, “on ave
packag
paperboard products by 4 to 12 percent, while packag
percent to the environmental burdens for average we
(EPS, GPPS). 

 The study also provided a brief assessment of the e
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material production burdens are offset by the burdens for collection and 
reprocessing of post-consumer material.” 

Limitations:  The authors cite the following study limitations: 

ited 
despite extensive and repeated efforts to secure participation of all 

lar, the paperboard industry, which is 
 studied, declined to 

als of the study could not 
vironmental profiles 

s were developed 

le to represent current 

ough the methodology for this study is compliant with ISO standards, 
ty requirements due 
icular, this study 

O 
neral comparative 
rity or preferability 

stems. The authors 
parative assertions 
ms studied. The use 

ns is limited to specific 

 the report and 
).  Conclusions 

regarding the relative performance of the range of competing products cannot be drawn from the 
rial are not included. 

In addition, Franklin studies are the only reports reviewed that used the following convention 
d not take issue with.  

em is 10 percent or 
that the difference is 

 If solid waste (weight and volume), atmospheric emissions or waterborne 
emissions of a system is 25 percent different from another, it can be 
concluded that the difference is significant. 

 “Participation by some industry stakeholders in this study was lim

stakeholder industries. In particu
represented in every food service product category
participate in any way. Thus, the data quality go
be realized as originally intended. However, the en
presented in this report for non-participating industrie
using the best and most current data available from Franklin Associates’ 
U.S. life cycle database, updated to the extent possib
technology. 

 Alth
it was not possible to meet some of the ISO data quali
to the limited participation by some industries. In part
does not meet all the stringent data quality requirements set out in the IS
14040 standards for life cycle studies used to make ge
assertions regarding the overall environmental superio
of one system relative to a competing system or sy
discourage the use of this study to make general com
about overall environmental performance of the syste
of this study to make public comparative assertio
statements that are supported by the study results.”  (Franklin 2006) 

The authors also caution against making comparisons between the results in
different material products in different product categories (Franklin 2006

report because results for the full range of product weights for each mate

around “meaningfulness” of the data, which third-party reviewers di
Summarized from the report: 

 If the energy or post consumer solid waste of one syst
more different from another, it can be concluded 
significant. 
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 Percent difference is defined as the difference between two values divided 
by the average of the two values. 

Finally, a third-party peer review of the report points out many items that may affect any overall 

of these reports in their original context would prove a useful supplement to the information 
se summaries. 

 (PLA) and Petroleum-

 Sustainable Materials 
e report evaluates the life cycle inventories of five products from PLA and 

fit that undertakes and 
 and others to factor 
age onward (Athena 

s:

conclusions that can be drawn from the report.  Again, both the report and the peer-review 
contain a wealth of information, in far too much to detail to present fully in this report.  Review 

presented here, and a glimpse into the complexity of the analysis behind the

3. Life Cycle Inventory of Five Products Produced From Polylactide
Based Resins 

This report was completed by Franklin Associates in 2006 for the Athena
Institute.  Th
petroleum-based resins.  The Athena Institute is a Canadian-based non-pro
directs research and development activities that allow architects, engineers,
environmental considerations into the design process from the conceptual st
2007). 

Type of Food service item  

polystyrene (HIPS), 
propylene (PP). 

nd general purpose 
polystyrene (GPPS); and heavy weight from PET. 

#2 Foam meat trays from PLA (not commercial as of 2006) and GPPS 

Full or Partial LCA:

 16-oz cups used for cold beverages from high impact 
polyethylene terephthalate (PET), and poly

 16 oz 2-piece deli containers:  light weight from PLA a

 
foam6 

 Partial, in that it is a life cycle inventory and does not contain an impact 
.  T  cradle-to-grave scope and is compliant with ISO standards assessment he report covers a

Functional Unit: 10,000 product units 

Environmental Indicators Used: Energy consumption, solid waste generation, 
environmental emissions to air and water, and greenhouse gas emissions 

Assessment Results: See Table G-3 in Appendix G. 

                                                 
6 According to the California Integrated Waste Management Board, “PS comes in many types and forms and is used 
in a variety of applications. However, the two major types are “general-purpose” (also known as “crystal”) PS and 
“high-impact” (also known as “rubber-modified”) PS. When a blowing agent (usually pentane) is added to general 
purpose PS, the material is referred to as “expandable (or “expanded”) polystyrene” (EPS). (CIWMB 2004)” 
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Assessment Conclusions:  For the 16-ounce cold cups, the report concludes 

 For energy requirements,“the PET cup requires the most total energy, 
while the PP cup requires the least total energy. This correlates with the 

the PP cup is the lightest.  The 
PLA 2005 cup requires significantly more energy than the PP cup and less 

ifferent from the HIPS 

is the heaviest and 
e most post consumer solid waste; however, the PLA cup 

 
e significantly more 
s (Franklin 2006B).” 

c emissions from the 
 carbon dioxide, 

oxides, particles of 10 
 others.  However, 

 about the cold cups 

rne emissions from 
ed solids, chemical 

OD), chlorides, and 
port did not reach any differentiating 

the lowest amount of 
the fossil fuel used 
bound within the 
ses.  The PLA 2005 
ts than the PP drink 

 the amount of carbon dioxide 
up system and the HIPS cup system.  

s significantly less carbon dioxide 
B).” 

 For energy requirements, the lightweight GPPS deli container energy is 
not considered significantly different from the PLA 2005 deli container.  
The heavyweight PET deli container “requires significantly more energy 
than the PLA deli container (Franklin 2006B).” 

fact that the PET cup is the heaviest, while 

than the PET cup; however, it is not significantly d
cup (Franklin 2006B).” 

 For solid waste generation (by weight), “the PET cup 
so produces th
post consumer solid waste is not considered significantly different from
that of the PET cup.  The PLA and PET cups produc
post consumer solid waste than the PP and HIPS cup

 According to the report, “the predominant atmospheri
product systems include greenhouse gases (particularly
methane, and nitrous oxide), nitrogen oxides, sulfur 
micrometers or less (PM10), and hydrocarbons” among
the report did not reach any differentiating conclusions
(Franklin 2006B). 

 Also according to the report, “the predominant waterbo
the container systems include dissolved solids, suspend
oxygen demand (COD), biological oxygen demand (B
various metals.  However, the re
conclusions with cold cups (Franklin 2006B). 

 For greenhouse gas emissions, “the PP cup produces 
CO2 equivalents.  This is due to the fact that much of 
in the PP drink cup is from feedstock energy, which is 
product and therefore does not produce greenhouse ga
drink cup produces a greater amount of CO2 equivalen
cup.  There is no significant difference in
equivalents between the PLA 2005 c
The PLA 2005 cup system create
equivalents than the PET cup system (Franklin 2006

For the 16-ounce 2-piece deli containers, the report concludes: 
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 For solid waste generation (by weight), the lightweight PLA deli container 
is the heaviest and so produces the most post consumer solid waste.  Also, 
the PET deli container is the heaviest among heavyweight containers, and 
produces the most post consumer solid waste (Franklin 2006B). 

erentiating 
issions with the deli 

ivalents for the 
005 deli container are not significantly different than for 

y greater than for 
Franklin 2006B).” 

For energy requirements, “the PLA 2005 foam meat tray total energy is 
 tray (Franklin 

oam meat tray total 
 foam meat tray  

klin 2006B).” 

e report did not reach any 
 atmospheric or waterborne 

. 

e PLA 2005 foam 
ount of CO2 

o the fact that much 
the GPPS foam meat tray is from feedstock 

e product and therefore does not produce 
greenhouse gases (Franklin 2006B).” 

 As with the cold cups, the report did not reach any diff
conclusions concerning atmospheric or waterborne em
containers (Franklin 2006B). 

 For greenhouse gas emissions, “the carbon dioxide equ
lightweight PLA 2
the GPPS deli container.  The carbon dioxide equivalents for the 
heavyweight PET deli container system are significantl
the heavy-weight PLA deli container system  (

For the #2 foam meat trays, the report concludes: 

 
not significantly different from the GPPS foam meat
2006B).” 

 For solid waste generation (by weight), the PLA 2005 f
is “not significantly different from the GPPS
(approximately 5 percent) (Fran

 As with the cold cups and the deli containers, th
differentiating conclusions concerning
emissions with the foam meat trays (Franklin 2006B)

 For greenhouse gas emissions, “CO2 equivalents for th
meat tray is not significantly different from the am
equivalents for the GPPS foam meat tray. This is due t
of the fossil fuel used in 
energy, which is bound within th

Limitations:  The authors cite the following study limitations: 

 Environmental emissions associated with end-of-life management of the 
landfilling and 

zed for end-of-life management.  
(This represents a different infrastructure than that existing in Seattle.) 

 Like the previous study, this study used the following convention around 
“meaningfulness” of the data.  Cited from the report: 

products are not part of the scope of the report. Only 
combustion of the products are analy
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 “If the energy or post consumer solid waste of one system is 10 
percent or more different from another, it can be concluded that the 
difference is significant. 

eric emissions or 
 different from 

n be concluded that the difference is significant. 

ce between two values 
ranklin 2006B).” 

4. Lif  of Food Packaging Made 
From Natureworks® PLA and Alternative Materials.  Final Report.   

s LLC.  The report 

rmed by a joint 

 If solid waste (weight and volume), atmosph
waterborne emissions of a system is 25 percent
another, it ca

 Percent difference is defined as the differen
divided by the average of the two values (F

e Cycle Assessment of Polylactide (PLA).  A Comparison

This report was completed by IFEU Heidelberg in 2006 for NatureWork
evaluates the life cycle inventories of 500 ml clamshell retail take-out containers from PLA and 
petroleum-based resins.  NatureWorks LLC is an independent company fo
venture of Cargill and Dow and now wholly owned by Cargill (NatureWorks 2007). 

Type of Food service items: 500 ml clamshell containers from polylactic acid (PLA), PLA-5 
(Natureworks LLC 5th generation production resin, general purpose polys
polypropylene (PP), and polyethylene terephthalate (PET)  

tyrene (GPPS), 

Full or Partial LCA: Full (compliant with ISO standards) 

Functional Unit: 1,000 product units 

Environmental Indicators Used: Fossil Resource Consumption (weig
factor of fossil fuel); greenhouse gas emissions, acidification, terrestrial eu
eutrophication 

hted with a scarcity 
trophication (i.e. 

of soils by atmospheric emissions), aquatic eutrophication (i.e. eutrophication of 
aquatic ecosystems by effluents), summer smog (photo-oxidant formation), and human toxicity 

Assessment Results:

as PM10-equivalents 

 See Table G-4 in Appendix G. 

Assessment Conclusions:  The report concludes that: 

 “…[T]he PLA system shows advantages compared to all three packaging 

 Similar results 
 limited reliability 

due to existing data quality issues. 

 “For the remaining impact categories, comparisons of the PLA system 
with the alternative systems do not show a clear trend.  The LCA results 

systems using conventional polymers, in the categories Fossil Resource 
Consumption, Global Warming and Summer Smog. 
regarding Human Toxicity (Carcinogenic Risk) are of
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for Acidification, Terrestrial Eutrophication and Human Toxicity (PM10) 
show disadvantages of PLA when compared to PS and PP systems.   

 “Comparing PLA with PET, PLA only shows disadvantages for terrestrial 
ation has been 

et.  For Aquatic 
Eutrophication PLA shows environmental advantages if compared to PP 

hese conclusions 
nd in the various 

rn of environmental 
vantages of PLA according to the individual 

essage here is that 
lear overall preference of 

 

Lim

and aquatic Eutrophication. However, the latter observ
found to depend on the choice of PET inventory datas

and disadvantages in comparison with PS and PET.  T
proved to be quite robust. Similar patterns were fou
sensitivity analyses performed… 

 “Altogether, the comparative results show a patte
advantages and disad
environmental category considered. The fundamental m
there is a trade-off which does not allow for a c
any particular system in the first place.”  (IFEU 2006)

itations: The authors point out in numerous locations in the report that the results are 
ent; however, 

ng from different 
s on to present some 

de by side.   

aluated in the report, 
ion systems, energy 

ng other standard differences.  All have the 
potential to change the environmental profile.  (IFEU 2006)   

 an alternative data 
rent source, altered some of the relative environmental outcomes with PLA.  The 

report also states that the results are only valid for NatureWorks PLA, and not representative of 

erman conditions.  Inventory 
ket are: 

Grid electricity data (relevant for electricity requirements for polymer 
icity output from MSWI); 

 Process data for recovery and recycling operations (IFEU 2006).”   

In addition, the authors suggest that the LCA should be considered as a case study since the 
packaging weights and conversion data used are only valid for the clam shells of the French 

reliable within the framework conditions set by the goal and scope of the assessm
“the results should not be used for general comparisons of plastics packagi
polymer materials.” (IFEU 2006)  Despite this statement, the report goe
results for different polymer systems si

In general, the authors also point out that each of the packaging systems ev
and those elsewhere on the market, are unique combinations of product
sources, and product weights and volumes amo

In addition, this report used a set of data for PET that, when compared with
set from a diffe

other PLA producers. 

The report also states that the LCA study is “designed to reflect G
data and material flow settings which are specific for the German mar

 
conversion into clam shells and credits for electr

 End-of-life settings; and  
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packaging producer Vitembal.  Also, the report makes some assumptions about the recovery of 
in-process PLA scrap that are not yet standard at converters using PLA (IFEU 2006). 

Finally, the authors contend that the overall quality of the data used is satisfactory, despite 
tor results for human 

This report was completed in 2006 by OVAM, the Public Waste Agency for the Flemish Region 
mpacts of four types of drinking cups used 

ongoing concerns about the quality of the inventory data behind the indica
toxicity (carcinogenic risk) (IFEU 2006). 

5. Comparative LCA of 4 Types of Drinking Cups Used At Events 

of Belgium.  It looks at the life cycle environmental i
at both small (2000-5000 visitors) and large (>30 000 visitors) events. 

Type of Food service items: Re-usable cup in polycarbonate (PC); one-way cup in 
polypropylene (PP); one-way cup in PE-coated cardboard; and one-way cup in polylactide 

Full or Partial LCA:

(PLA). 

 Full (compliant with ISO Standards) 

Functional Unit: The cups needed for serving 100 liters of beer or soft drinks at a sm
scale indoor (2000-5000 visitors) and a large-scale outdoor event (>30 000 visitors) 

all-

Environmental Indicators Used: Fossil fuels, minerals, acidifica
ecotoxicity, ozone layer, climate change, respiratory effects caused by in
effects caused by organics, and carcinogens 

tion/eutrophication, 
organics, respiratory 

Assessment Results: See Table G-5 in Appendix G. 

Assessment Conclusions:  The authors conclude that for small-scale events, the reus
cup had a lower environmental profile in fossil fuels, ecotoxicity, greenh
respiratory organics and carcinogens than all other cups.  PP cups had the l
profile in minerals, ozone layer, acidification/eutrophication, and respirat
reusable PC cups and PP cups were far lower in acidification/eutrophication
PLA cups.  Cardboard cups are notable for their negative environmental p
the other cups, in minera

able PC 
ouse gas emissions, 

owest environmental 
ory inorganics; both 

 than cardboard and 
rofiles, compared to 

ls, ozone layer, ecotoxicity, carcinogens, and respiratory inorganics.  
on for the selection of 
as clearly favorable 

d a lower environmental 
inerals, 

acidification/eutrophication, ecotoxicity, ozone layer, and carcinogens.  PLA cups did not have 
the lowest environmental profile in any category.  Cardboard cups are notable for their lowest 
environmental profile in fossil fuels, and their highest environmental profiles in minerals, 
ecotoxicity, respiratory inorganics, and carcinogens.  Reusable PC cups are notable for their 

Despite the differences, the authors do not make a straightforward conclusi
the most favorable cup system with regard to the environment since none w
in all categories.  (OVAM 2006) 

The authors conclude that for large-scale events, the reusable PC cup ha
profile in only respiratory organics.  PP cups had the lowest environmental profile in m
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highest environmental profile in ozone layer depletion.  Again, despite the differences, the 
authors do not reach a straightforward conclusion for the selection of the most favorable cup 
system with regard to the environment since none was clearly favorable in all categories (OVAM 
2006). 

has the highest or the 
 so the authors did 

 select the most favorable cup system with regard to the environment (OVAM 2006).  In 
e ranking for 
mall events the 

e events, it has the 

dicates that the number of trips associated with the cups is a 
iles between cups for 
ditional use of water and 

anking of 
e PLA cup weight, which may 

ortionally decrease 

For both type of events, it was concluded that none of the cups systems 
lowest environmental score for all environmental categories considered, and
not
addition, the results show that the cups evaluated do not hold their relativ
environmental profiles between small and large events.  For example, at s
reusable PC cup never has the highest environmental profile, but at larg
highest environmental profile for ozone layer depletion and a very close second highest in 
greenhouse gas emissions.  (OVAM 2006) 

Sensitivity analysis performed in
significant factor in determining the relative ranking environmental prof
both small and large events.  Sensitivity analysis also showed that the ad
soap to wash reusable PC cups did not have much influence on the relative r
environmental profiles among cups.  The study also showed that th
have the potential to drop as production processes are optimized, could prop
the environmental profile, depending on the category, from 10-60%.  (OVAM 2006) 

Limitations:  The report’s authors do not specifically call out limitations to
a review of the document highlights standard limitations associated with co
this, and with making direct comparisons to Seattle’s situation, includ

 the study.  However, 
mplex studies such as 

ing for example: 

ogies, emission controls) 

ents) 

availability of and propensity to recycle)  

used for 

In addition, the authors point out that the data reflects only the specific actual situation in 
Flanders.  Data on representative cups, on average number of trips, etc. are specifically directed 
at the Flemish (Belgian) situation.  They also state that the study “addresses only those 
environmental issues that are identified in the goal and scope (OVAM 2006).” 

 Raw material source (e.g. coal vs. oil) 

 Sources of energy (nuclear, coal, hydroelectric) 

 Production processes (cracking, extrusion technol

 Conversion processes (new technology and regulatory requirem

 Consumer practices (reuse, 

 Waste management processes (landfill gas captured or not, 
energy generation or not) (Fridge, 2002). 
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Disposable Food service items Key Findings  

 In contrast to the findings for disposable shopping bags, the potential to 
reduce life cycle environmental impacts of disposable food service items 
in Seattle is less clear.  If they are to occur, given the alternatives 

ts are most likely in the form of litter persistence 
s available for these 
 all product 

study’s review.   

ent represents a threat 
ackaging and other 

items would benefit litter impacts on marine ecosystems due to the faster 

ing better in some categories (i.e., 
xicity, and in the 

 products and 
er, or reusable PC.   

 items (e.g., plates, 
ste handled 
 the capture of food 

wastes that would other wise go to the landfill (Innocentia 2002). 

ending on product 
PS, HIPS, PE-

paperboard, reusable PC, or PLA performed best on energy consumption; 

pending on product 
applications among other factors, sometimes PE-paperboard, reusable PC, 

 gas emissions; therefore, the 

ted 

Based on this review of available disposable bag LCAs, four policy options aimed at reducing 
disposable bag use will be evaluated in the next chapter of this report.  The policy options 
address both paper and plastic disposable bags, and emphasize the use of reusable bags in their 
place.  While the use of biodegradable bags shows some potential for environmental benefit, 

available, the benefi
reduction.  Because of the relatively few LCA report
products, and the inconsistent environmental data for
alternatives, few clear trends emerged during this 

 Expanded polystyrene entering the marine environm
(not quantified) to marine life along with other p
littered items. 

 A shift from disposable food service items to biodegradable food service 

rate of degradation. 

 Two reports showed PP perform
acidification, terrestrial eutrophication, human to
formation of ozone precursors), and for only the
circumstances reviewed, compared to PLA, OPS, pap

 One report suggested that biodegradable food service
cutlery) makes it possible to increase the fraction of wa
through composting or anaerobic digestion by allowing

 When evaluating PS among similar products, and dep
applications among other factors, sometimes EPS, GP

therefore, the results were inconclusive. 

 When evaluating PS among similar products, and de

PP, or PLA performed best on greenhouse
results were inconclusive. 

Relevant Conclusions for Strategies to Be Evalua
Disposable Shopping Bags 
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Seattle’s existing plastic bag recycling and composting systems cannot support the levels of 
contamination that would be expected if a mixture of plastic and biodegradable shopping bags 
were used throughout the City.  The absence of a comprehensive labeling system for 
compostable and biodegradable plastics that is easily presentable and understood by the wide 

ent of 
er range of alternatives 

 Environment and 
 conclusion is due to 

the similarity between the assumptions and data used to develop life cycle inventory and 
s, bag sources, types, 

 assessment results 
 for all policy options 
n the next chapter, a 
ted. 

Disposable Food Service Items 
icy options aimed at 

hapter of this report.  
s, and emphasize the 

items through the use 
m for compostable 
ce the target is much 

 in 2006 and 2004 are the 
ssing through this 

develop and model 
for all policy options evaluated.  Coupled with the economic costs and 

ycle impacts of each 

products will advance 
mized for over 50 

years, and benefit from large economies of scale.  As a result, these advances will likely improve 
the environmental performance of biodegradable plastic products across many categories.  
Newer LCAs should be used to update this existing report for specific cases on an ongoing basis.   

range of residents that use bags is also a contributing factor.  However, future developm
such a system may allow the City to revisit its options to emphasize a wid
to disposable bags.   

The studies prepared in 2002 and 2004 for the Australian Department of the
Heritage are the most comparable to the City of Seattle circumstances.  This

assessment conclusions, including manufacturing processes, energy source
weights/capacities, bag uses, and waste management options.  The life cycle
for these reports will be used to develop and model environmental impacts
evaluated.  Coupled with the economic costs and benefits to be described i
full evaluation of the life cycle impacts of each policy option will be presen

Based on this review of available food service items LCAs, four pol
reducing disposable food service items use will be evaluated in the next c
The policy options address both EPS and other disposable food service item
reduction of litter and environmental impacts from disposable food service 
of biodegradable products.  The absence of a comprehensive labeling syste
and biodegradable plastics is less of a problem related to these products, sin
narrower and aimed at commercial establishments using “take-away” packaging.   

A combination of the Franklin studies and the OVAM studies prepared
only studies to look at the range of products the City is interested in addre
study.  The life cycle assessment results for these reports will be used to 
environmental impacts 
benefits to be described in the next chapter, a full evaluation of the life c
policy option will be presented. 

Finally, it is likely that manufacturing technologies for biodegradable 
significantly relative to petrochemical plastics, which have already been opti
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6 Evaluation of Alternative Waste Reduction Program 
Strategies for Seattle 

s and disposable food 
service items, the rang pter 2 is available to the City of Seattle: 

 Curbside recycling 
ling 

producer responsibility mechanisms 
 product bans or restrictions 

 packaging requirements 
 (ARF) 

bans 

brid or multifaceted 
 combination, the 

ue conditions set by 
latory setting.   

r Input 
tegies to the City of 

ilarly-sized cities that had, 
trategies listed above.  Both the literature review and 

proximately 400 heads of 

astic bags and food service products 

arly with regard to more recycling 

 Levels of potential support and opposition to various policy options, 
including fees and bans on certain products (SPU 2007). 

The full draft report detailing the results of the survey is included in Appendix H.  Figure 6-1 is 
an excerpt from the SPU report, and summarizes the key findings of the survey. 

To reduce the impacts associated with the use of disposable shopping bag
e of strategies reviewed in Cha

 Keeping the status quo 
 Education 

 Private recyc
 Extended 

y Voluntar
 Reusable bag credits/giveaway 
 Environmental preferable
 Mandatory advanced recovery fees

ns  Mandatory product restrictio
 Mandatory product 

One or more of these strategies could also be combined to create a hy
approach to reducing use of disposable plastics.  Whether alone or in
strategy(ies) adopted by the City of Seattle should be suited to the uniq
Seattle’s businesses, residents, programs, and regu

Research and Stakeholde
A literature review was conducted to evaluate the applicability of these stra
Seattle (see References).  Perspective was also sought from other sim
or might, enact one or more of the s
communications with other municipalities were used to assess relevant advantages and 
disadvantages if applied to the City of Seattle.   

Stakeholder input came from several sources.  First, a survey of ap
households was conducted by Elway Research, Inc. to assess:   

 Current behavior with regard to pl

 Potential for changing behavior, particul
and composting 
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Figure 6-1. Summary results from public opinion poll on disposable plastic. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Not surprisingly, many Seattleites already walking the walk 
 1 in 3 claimed to bring their own bags to carry their groceries 
 Well over half re-used or recycled most of their plastic bags 

In order of priority, the general finding is support for 
and Persuasion of both merchants and consumers 

rity] are ready for City 

red a ban 

42% favored waiting until convenient replacements are available 
ns or fees 

use recyclables voluntarily 
 banning disposable plastic food service items 

 separate my garbage” at a fast food restaurant, but 
 food service items 

e usage of disposable 
bags 

cycling bins for plastic 

g reusable bags 
bition on plastic shopping bags 

ppers for every plastic 

 of disposable bag, 
er 

ould be applied to all types and sizes of stores. “Mom 

 spent for promoting reusable 

0 agreed that stores should be encouraged to reduce usage of disposable 

pent on public education and 
promotion rather than keeping garbage rates down or subsidizing stores for 
reusable bags 

e differences 
among demographic categories of respondents, but they were not pronounced. 

Source:  SPU/Elway 2007 

 Encouragement, Education 
 Ban on plastic foam 
 Ban on reusable plastic bags 
 Fees on consumers 

Seattle residents generally favor a ban on plastic foam, and [a slight majo
Government to act now 

 2 in 3 favo
 52% said city should act now 
 

“Encouragement” favored over ba
 9 in 10 supported encouraging restaurants to 
 2 in 3 supported
 5 in 10 supported consumer fee on disposable plastic food service items 

Citizens willing to “pitch in” but less willing to pay 
 9 in 10 would “gladly
 5 in 10 opposed consumer fee on disposable plastic

Opinion about plastic bags less insistent than opinion on foam 
 9 in 10 agreed that stores should be encouraged to reduc

 9 in 10 agreed that stores should be required to provide re
bags 

 be spent for promotin 7 in 10 agreed that public funds should
 6 in 10 opposed to prohi

Fees for paper bags even less popular 
 6 in 10 disagreed that the City should charge a fee to sho

bag 
 6 in 10 disagreed that a fee should be charged for any type

including pap
Any fees or bans assessed on merchants sh
and Pop” stores should not get a pass.   

Persuasion and education preferred means to desired end 
 As noted, 7 in 10 agreed that public funds should be

bags 
 9 in 1

bags 
 Half said revenue from any fees should be s

Opinions were relatively uniform across sectors of the sample. There were som



Alternatives to Disposable Shopping Bags and Food Service Items 
 

wp1   /06-03304-320 alternatives to disposable shopping.doc 

January 29, 2008 6-3 Herrera Environmental Consultants 

Second, a series of focus groups and meetings were assembled to assess the potential level of 
support and opposition to various policy options from local businesses, non-profits, and private 
sector interests that may be affected by strategy implementation.  A list of meeting or focus 
group attendees is listed in Appendix I.  In addition, the Seattle Solid Waste Advisory 

ght from its members. 

 of strategies for Seattle. 

 

 

 

Figure 6-2. Summary results from meetings with local businesses, non-profits, and 
private sector interests. 

Committee (SWAC) was informed of the study parameters and input sou

Figure 6-2 presents summaries of stakeholder views related to selection

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Local Businesses (1) 

g with the City in 
finding mutually acceptable ways to reduce the amounts of hard-to-recycle items entering our landfills.  

ative impacts these items do have on the environment, but are often 
 be composted and so 

and 
ase their confidence 

 also the consumer and 
in packing and are 

s among these retailers as it pertains to bans on “Styrofoam” 
ags, but certain needs, 
ese bans, at least until 

d to protect 
e. It was also noted by 

d period of time might 
rnative is available. 

t impose onerous new 
ller retailers on whom 

ally note this concern.  
wed with concern because this is 

axes. 

ote and provide 
should 

target the consumer as well as the retailer.  Managers and owners of take out and fast food 
cable to landlords who 

 establishments in the 
 City should be 

ribute these measures and regulations 
he City allow enough time for businesses to 

phase out current practices in their efforts to meet new City guidelines. If there were a ban on plastic 
in ent inventory. In fact, one 

to two y mount of time desired by a majority of participants. 

(1)  Source:  Gilmore 2007.  Qualitative Investigation:  Hard-To-Recycle Disposable Products 

Retailers, both food service and “general,” are open and receptive to cooperatin

They are aware of the neg
confused as to which items are “green,” which go in recycle bins, which can
forth.  It appears that one challenge for the City of Seattle would be to continue its marketing 
communication efforts for the public, both businesses and consumers, to incre
and knowledge in proper, preferred disposal methods.  In fact, retailers are
recipient of many hard-to recycle items such as those used by their vendors 
unsure of how to dispose of these materials as well. 

There appears to be a greater consensu
disposable products.  There was some support for a ban on plastic shopping b
however, dictate that some exceptions might be considered when/if imposing th
acceptable alternative products are available and cost effective for the business. The nee
a product that could be damaged by rain, for instance, would be one exampl
food service businesses that a need to keep something hot for an extende
dictate the use of a polystyrene product until an acceptable alte

These retailers also seem to be amenable to measures as long as they do no
requirements in fees, record keeping or other time-consuming activities.  Sma
this burden would impact a greater share of their time and total profits especi
Measures that require them to charge their customers are also vie
perceived to increase the amount of revenue upon which they would owe t

Over all, these retailers are more in favor of measures that would educate, prom
incentives rather than on measures that would require fees. They also believe these efforts 

establishments are especially in favor of these kinds of efforts as they are appli
must be encouraged to supply bins for recycling and composting.   

It is also crucial that any bans or Advance [Recovery] Fees apply to ALL retail
City so the “playing field remains even.”  In fact, any measure adopted by the
unilaterally applied. Businesses would rather their customer att
on the City rather than on them.  It is also important that t

shopp g bags, for instance, a retailer might need a year to use up his curr
ears seems to be the a
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Figure 6-2 (continu  meetings with local businesses, non-
profits, and private sector interests. 

ith Seattle Public Utilities’ staff, 
as narrowed for each 

ems). 

 following four for 
ity’s policy goals for 

reducing greenhouse gas emissions, reducing the use of disposable products and increasing 
tive on its own.  All other 

s quo were continued 
without further intervention by the C

 Keeping the status quo:

 

 

 

 

 

 

ed). Summary results from

Disposable Shopping Bag Strategies 

Based on the combined input described, and in consultation w
the overall range of strategies to reduce the use of disposable plastics w
product category (disposable shopping bags and disposable food service it

The strategies to address disposable shopping bags were narrowed to the
further life cycle cost/benefit and environmental assessment.  Given the C

recycling and sustainability, keeping the status quo is not an alterna
options are evaluated in comparison to the expected results if the statu

ity. 

  General education focused on ongoing reduce-
reuse-recycle messaging; plus city-provided residential curbside recycling 
opportunities for plastic bags and paper bags.  Voluntary recycling 

Non-Profit 
 Disposable plastic presence in, and impacts on, the marine environment are 

unacceptable and action should be taken immediately to mitigate or eliminate 
impacts through a ban on EPS container packaging. (2) 

 Disposable shopping bag consumption wastes resources, increases 
cipalities, and creates 
hrough a consumer 

greenhouse gas emissions, costs consumers and muni
unwanted litter.  Their consumption should be reduced t
fee on bags (3) 

Private Sector (4) 
 Banning disposable plastics will not solve the litter pro

issue
blem. It is a behavioral 

, not a product issue 

nd enforcement of 

ge to those who litter 
ing and emerging plastics recycling industry 

 gases 

nd 7 per cent of waste stream(by 

efficient, waterproof, 
an any alternative. 

im 2007 
uist 2007 

C 2007 

 Best solution is education, a strong focus on recycling a
penalties for littering 

 Biodegradable products are not the solution: 

- Would send wrong messa
- Will contaminate the exist
- The process of degradation gives off greenhouse

 All plastic waste to landfill represents arou
weight) 

 Existing disposable plastic product applications are 
sanitary, non-toxic, and insulate better (i.e., EPS) th

(2)  Source:  Tr
(3)  Source:  Lundq
(4)  Source:  AC
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facilities made available by some retail outlets (most grocery stores) for 
plastic bags with no support from the City. 

 Enhanced education:  Begin a public education and promotional campaign 
e reusable bags in 

Utilities’ ongoing reduce-reuse-recycle messaging.  Activity may include 

pping bags only

specifically focused on encouraging consumers to us
place of disposable bags.  This would become part of  Seattle Public 

varying degrees of technical assistance. 

 Enhanced education plus ban on disposable plastic sho  at 

ery fee (ARF)

all stores in Seattle. 

 Enhanced education plus a mandatory advanced recov  
sposable plastic shopping bags only(likely range, 10 to 25 cents) on di .  

lit by the City and 
sable alternatives and 

tion and 

 

The ARF could be remitted entirely to the City, sp
merchants who would use their share to promote reu
recycling, or retained entirely by merchants for promo
administrative costs. 

Enhanced education plus advanced recovery fee (ARF) (likely range, 10 to 
25 cents) on all disposable shopping bags.  The ARF co
entirely to the City, split by the City and merchants w
share to promote reusable alternatives and recycling, 
by merchants for promotion and admi

uld be remitted 
ho would use their 
or retained entirely 

nistrative costs. 

The primary reasons for focusing further evaluation on only the above options are as follows:.   

rn about the 
 bags in Seattle.  
g bags are used 

is chapter), and their 
els of inadvertent littering.  Persistence 

arine 

proving the environmental 
 reuse and recycling 

ufficiently clear 
environmental benefits given reusable alternatives, and because Seattle’s 
existing plastic bag recycling and composting systems cannot support the 
levels of contamination that would be expected if a mixture of plastic and 
biodegradable shopping bags were utilized throughout the City.  (CG 
2007) 

 There are currently high levels of community conce
environmental impacts of disposable plastic shopping
(SPU 2007)  An estimated 290 million plastic shoppin
annually in Seattle (see Consumption Estimate in th
light weight is a cause for high lev
of plastic bags in the environment and documented impacts on m
ecosystems dictates that their use be minimized. 

 Reusable bags offer the greatest potential for im
performance of shopping bags, followed by increased
of existing bags through existing infrastructure. 

 Biodegradable bags are not emphasized due to ins
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 Voluntary measures have often been shown to be insufficiently effective 
in changing consumer behavior when environmental costs are externalized 
from the market.   

d disadvantages associated 

sion support for the analysis of program strategies, this report 
 anticipated net present value (NPV) economic costs and benefits over a 

e horizon to evaluate 
f discounting and 
 on a combination of: 

lternative Products) 

d disposal contract 
et revenues 

 Estimated administrative, personnel, and program costs 

 and revenues) 

e following analysis and 
een the retailer and 

on.  Sensitivity 
vels is included in Appendix N.  Assumptions, 

lts of the model are contained in Appendix J.  Summary results for all 

 the strategies is 
nput; Appendix J), 

and best professional estimates of participation in, and efficiency of, Seattle’s programs.  The 
assumptions and estimates used to approximate consumer behavior are intended to reflect the 
choices that consumers and retailers might make when confronted by any of the strategies 
outlined above (Nolan-ITU 2004).  Consumer behavior in turn directly affects alternative 

Table 6-1, following page, summarizes the perceived advantages an
with each of the strategies evaluated.   

Economic Costs and Benefits 

In order to create additional deci
uses a simple model of
30-year time frame.  SPU and the City of Seattle often use the 30-year tim
costs and benefits; going out farther loses significance due to the effects o
uncertainty (SPU 2007c).  Marginal costs and benefits are estimated based

 Consumer and retailer behavior (see below) 

 Consumption estimates (see below) 

 Available demographic data 

 Published product price averages or estimates (see A

 SPU estimates for collection, processing, transfer an
expenditures; and mark

 Fiscal impacts of strategy implementation (e.g., ARF costs

The model is primarily a narrow assessment of costs and benefits.  Th
Tables 6-2 through 6-11 assume an ARF of $0.15 per bag, split evenly betw
the City of Seattle for recycling and alternative bag promotion and educati
analyses assessing the impacts of different ARF le
calculations, and full resu
affected sectors and in total are presented in Table 6-2, below. 

Consumer and Retailer Behavior 

Consumer and retailer behavior in response to implementation of each of
estimated based on stakeholder input (See Research and Stakeholder I
published studies (See Nolan-ITU 2004, GHK 2007, Scottish Executive 2005, and ACG 2006) 
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Table 6-1. Perceived advantages and disadvantages of evaluated shopping bag strategies. 

# Option Advantages Disadvantages 

1 Enhanced educati
Least intrusive 

recycling
 

urgency 
 Most en ental impacts of bags continue 

or change occurs. 
s, results uncertain 

on  Voluntary  Lacks 
 
 
 

Public supports (See survey.) 
isting curbside 

quire enforcemen
Fits with ex

ould not re
 of plastic bags 

vironm
behavi

 No clear target
 W t

 Limited 

2 Enhanced education, and Ban on
Disposable Plastic Shopping Ba  

sp s

i
y

R

e o

ll Q4-3. See Appendix H.) 
ptable, despite potentially higher 

pacts even when recycled. 
increase bureaucracy required to 
s 

retailers, creates perception of “uneven 

 option for waterproofed bag 
rcement responsibilities to the City 

lture around the use of disposable 

 al impacts from d
significantly reduced gs

 Environment i

 If universally applied, treats all 
 If appl

o able plastic bags  Maj

reta l outlets equally 

ority opposed 
Makes non-plastic mo
environmental and GH

ied to subset of retailers, 
required to administer program 

ma  reduce resources 

 (Elway po
re acce
G im

 If universally applied, may 
introduce across all r

 May be easier to administer than A F 
etaile

 If applied to subset of 
 Implements a mandatory behavi

lead to more responsible attitud
packaging generally 

or change that could 
 wards waste and 

r

playing field” 
 Eliminates store and custos t
 Adds administrative and

 

mer
 enfo

 Does little to change the cu
shopping bags 

3 dva d
Disposa e

 Bags 

sp s

i
y

f pl t

tude o
ility 

 Could provide a revenue stream  f
related to packaging reduction. 

able, despite potentially higher 
pacts even when recycled, and creates 

ing field” 
poll Q4-5) 

crease bureaucracy required to 

retailers, creates perception of “uneven 
en encouragement for behavior 

forcement responsibilities and costs to 

 administer 
 Adds administrative responsibilities and costs to retailer.  May 

pose administrative difficulties for retailers regarding bag use 
reporting and fee reconciliation 

 Enhanced education, and A
Recovery Fee (ARF) on 
Plastic Shopping

nce  
 

 Environmental impacts from di
substanbl tially (< #2) reduced 

 If universally applied, treats all

o able plastic bags  Makes non-plastic more accept
environmental and GHG im
percep reta l outlets equally t

 If applied to subset of retailers, ma  reduce resources 
ion of “uneven play

 Majority opposed  (Elway
 If universally applied, marequired to administer program 

 Fits with curbside recycling o
 Implements an incentiv

as ic bags and paper 
 onerous) that could 

 
y 

introduce across all retailers
 If applied to subset of e (less

lead to more responsible atti
consumption and disposab

s t wards 

in
 

playing field” and applies unev
change 

to und projects  Adds administrative and en
the City  

 Fee may be difficult for City to
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# Option Advantages Disadvantages 

4 Enhanced education, and Adva d
Recovery Fee (ARF) on All Di
Shopping 

 all sp

d

y

 e 

m e
filled an

coul  
s co

er option

cation on packaging 

y increase bureaucracy required to 

retailers, creates perception of “uneven 
neven encouragement for behavior 

ll Q4-6) 
ment responsibilities and costs to 

 administer 
sibilities and costs to retailer.  May 

 for retailers regarding bag use 
n 
y many already promoting reusable 

nce  
sposable 

 Environmental impacts from
substantially reduced 

 If universally applied treats al
retail outlets equally 

 If applied to subset of retail

Bags 

 di osable bags 

isposable items and 

a  reduce resources 

 If universally applied, ma
introduce across all retailers 

 If applied to subset of 
playing field” and applies 
change 

l 

ers  
required to administer program

 Puts p

, m
 

ressure on the consumer –
– to change to reusable bags 

th
the Cit

decision-maker 

u

 Majority opposed (Elway p
 Adds administrative and en

 Maximizes waste prevention – 
generated, therefore not land

at rials not 
d not 

o
force

y.   
 Fee may be difficult for City to

downcycled. 
 Implements an incentive that d lead to more 

mption and 

istrative respon
strative difficult

reporting and fee reconciliat
 Merchants prefer voluntaryresponsible attitudes toward

disposability 
 

nsu

s at point of 

ies
io

, sa
bags (focus group) 

Preserves store and custom
purchase  

 Fee could support public edu
reduction and recycling  

 Adds admin
pose admini

Notes: 
Lifecycle Cost Analysis found that paper bags consistently showed a higher environmental impact than plastic bags. 
Other jurisdictions have either banned or taxed plastic bags.  Research has shown both to be effective.  The degree to which consumer use is suppressed will be determined by the option chosen, the 

ity does not have the authority to tax this activity.  The City has the authority to impose an Advance Recovery fee. 
utreach cost in all cases. 

Chosen program would be phased in. 

fee imposed and other factors. 
An Advance Recovery Fee is not a tax.  The C
There will be an ongoing public o
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product use, recycling and composting rates (and hence, disposal rates), and environmental 
impacts.  As such, the accuracy of the analysis is subject to a degree of uncertainty.  
Assumptions are summarized in Appendix J.   

s ($000). 

lastic 
ARF on 
Plastic 

ARF on Both 
Paper and 

Plastic 

Table 6-2. NPV of economic (costs) and benefit

 Status Quo Education Ban P

SPU/City of Seattle ($39,553) ($41,677) ($30,87 0,117 $228,2377) $19
Consumer ($416,854) ($399,958) 78,253) ($744,640)
Retaile

($346,383) ($7
r $4,066 $3,455 $3,266 $231,386 $268,210

$Regional 92,001 $88,188 $102,773 $84,120 $42,433 
Total ($36 93) 2,630) 0,812) ($349,9 ($271,221) ($27 ($205,759) 

NPV economic costs and be  calcu r a 30  fram
F equal to $0.15 per ba spli een d C le. 

65% in disposable plastic and/or paper bag use. 

er and retailer 
es (or stay with their 

trategy.  A similar 
and (See Nolan-ITU 

 2005). 

lary bin liner 
ternative bag use and 

 (See Nolan-ITU 2004).  
ent application of the 

s to each of the retailer categories, if desired.  For this analysis, it is assumed that all 
retailers are covered by each strategy and consumer responses are consistent across retailer 

ortions (SVA Seattle 
2007).  Future consumption is based on estimated waste generation growth, consumer behavior 
regarding alternative products, consumer behavior regarding composting and recycling rates7, 
and average bag weights and capacities (See Appendix J; Seattle 2007, LA County 2007).   

                                                

nefits are lated ove -year time e. 
AR g; revenue t 50/50 betw  retailers an ity of Seatt
An ARF at this rate yields overall estimated reduction of 
Figures are based on a discount rate of 3 percent. 
 

Like a similar analysis done by GHK for Hong Kong, this study expresses consum
choices as a percentage of affected transactions that adopt different bag typ
existing one) and ancillary purchases (e.g. bin liners) due to each s
methodology was used in studies for Australia, South Africa, and Scotl
2004; Fridge 2006; AEA

Table 6-3 shows estimated total percentages of alternative bag use and ancil
purchases for all options.  Appendix J shows the estimated percentages of al
ancillary bin liner purchases for all options, for each of five retailer types
The model allows for five retailer categories in order to model for differ
strategie

categories.   

Consumption Estimate 

Table 6-4 shows status quo plastic bag consumption as estimated from 2004 Seattle waste 
composition data and anecdotal estimates of individual component prop

 
7 See Seattle Solid Waste Recycling, Waste Reduction, and Facilities Opportunities. May 2007. 
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Table 6-3. Percentage switching to alternative bag use and garbage bag purchases. 

 
Status 
Quo Education 

Ban 
Plastic 

ARF on 
Plastic 

ARF on Both 
Paper and 

Plastic 

Switch from Plastic To:   
Continue Plastic Bag 100% 95% 35% 35%
Paper Ba

10%
g 0% 0% 40 21% 0% 

Lon
%

g Term Reusable Bag 0% 5% 40% 37% 52%
e BaCompostabl g 0% 0% 0% 0% 0% 

No Bag 0% 0% 10% 7% 13%
aIncrease in Garb ge Bags 0% 0% 10% 5% 7% 

aper To:  
Ba

Switch from P
Continue Paper g 100% 95% 90% 90% 35%
Plastic Bag 0% 0% 0% 0% 0% 
Long Term Reusable Bag 0% 5% 10% 10% 52%

postable BaCom g 0% 0% 0% 0% 0% 
No Bag 0% 0% 0% 0% 13%

n Garbage B  % 0% 10% 0% 3% Increase i ags 0  

 
Table 6-4. Estimated baseline shopping bag consumption. 

 

Percent of Res. 
Waste Disposed 

4 ) a stimate 

Percent of 
Waste Comp. 

Category (200 Composition 2008 E

Est. 2008 Residential Waste Generated (To b 1,578 ns) 29
Grocery/Bread Bags 0.8 2,377 80%2%

Plastic Grocery Bags (Tons) 1,901
Avg. Plastic Grocery Bag Weight (lbs.) 0.013
Plastic Grocery Bags Consumed (#) c 292,525,673 

2,600 
apita Plastic Ba

2004 Seattle Population 57
Annual Per C g Use 511
O )/Kraft Papeld corrugated cardboard (OCC r 6.0 17,592 15%
M 27,950 2%

er

3%
ixed Low Grade 9.59%

Paper Groc y Bags (Tons) 3,198
Avg. Paper Grocery Bag Weight (lbs.) 0.094
Paper Grocery Bags Consumed (#) c 68,038,177 

0 
 

2004 Seattle Population 572,60
Annual Per Capita Paper Bag Use  119 

a. See (SPU 2006) “Copy of Revised 60% projections March 24_ 2006 Update” prepared by SPU Staff, M
b. See (SPU 2007) Seattle Solid Waste Recycling, Waste 

arch 2006. 
 
able.  Some jurisdictions have 
e aggregate estimates.  Other 

o the population 
similar to Seattle’s waste characterization 

program.  It was determined that because Seattle’s waste characterization program quantifies waste in a category that nearly mimics the 
products under consideration, it would provide the closest estimation.  Discussions with the City of San Francisco, which used a survey 
technique, confirmed a similar per capita consumption rate (Haley 2008).  
The direct cost to the City and ratepayers of collecting, transferring and disposing of waste is approximately $121 per ton (not including 
applicable revenue from City fees and taxes).  The net direct cost to the City and ratepayers of collecting, processing and shipping to market 
recyclables is approximately $75 per ton (including market revenue).  For plastic in 2008, the cost is estimated at $217,000 for the amounts 
disposed and recycled; for paper in 2008, the cost is estimated at $268,000 for the amounts disposed and recycled.  

Reduction, and Facilities Opportunities.  May 2007
c. Consumption figures based on one year.  A variety of methodologies to estimate bag consumption are avail

used a survey of retail outlets offering disposable bags, and extrapolate utilizing business counts to determin
jurisdictions have used national or state estimates of disposable bag production and imports per capita, and then extrapolate t
for which management strategies may be directed.  Other jurisdictions have used landfill surveys 
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Stakeholder Implications 
Manufacturers 

This report measures broad impacts on manufacturers by looking at the affect of strategies on 
production of bag units.  Estimated percentage of bag production by type is used to assign 

 the region.  For these calculations, it is assumed that approximately 10 
 disposable plastic shopping bags are produced in the region, and 40 percent of paper 

t is much more limited 
rest of the country.  Primary manufacturers include Mohawk Northern Plastics in 

nufacturing in Seattle 
oco Products, AEP, 

liant together have at 
the market is 

hina, Indonesia, 
 last five years, according 

996 to $700 million 

c shopping bags will 
 manufacturing and 

 loss of 

 is dominated by 

anufacturers of grocery bags — Weyerhaeuser and 

Table 6-5 shows the estimated net present value (NPV) of economic costs and benefits 
pated for the region in each strategy evaluated. 

t of strategies on “give-
ed on to consumers 

on, equipment, 
on, promotion and education, and staff training costs.  Some analyses take into 

account estimated impacts related to increased theft, revenue changes due to increased or 
decreased transaction times, but these are not considered in this report.  In addition, no account is 
taken for any losses in revenue due to sales leaving the City of Seattle for jurisdictions with no 
bag restrictions.   

economic effects to
percent of
shopping bags.   

The plastic film and sheet manufacturing industry in the Pacific Northwes
than in the 
Auburn, WA, Shields Bags in Yakima, WA, Redi-Bag in Tukwila, WA, and Norplex, Inc. in 
Auburn.  None of these firms produce grocery bags.  American Plastics Ma
produces patch handle bags and T-shirt bags.  National firms such as Son
Vanguard Plastics, API, Formosa Plastics Corp, Superbag Co., Tyco, and P
least 60-70 percent of the domestic grocery bag market.  The remainder of 
occupied by a growing competition from Asia.  Imports, particularly from C
Thailand, and Canada, have grown at an aggressive rate - tripling in the
to some manufacturers..  Imports of PE bags jumped from $268 million in 1
in 2004 (Plastics Technology 2005).  

Any policy strategies that focus on reducing the use of disposable plasti
have a negative effect on the regional economy through a reduction in
distribution services.  The estimates in this report reflect a reduction in revenue from
sales, manufacturing, and ancillary services and supplies. 

The paperboard and bag manufacturing industry in the Pacific Northwest
Weyerhaeuser, particularly after their merger with Willamette Industries in 2004.  Nationally, 
three major U.S. companies are the primary m
two other companies based in the Southeast (PCC 2007). 

antici

Retailers 

This report measures broad impacts on retailers by looking at the effec
away” bag costs and revenues (assuming the cost of “give-away bags is pass
in general store prices), garbage and reusable bag sales; and implementati
administrati
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Table 6-5. Summary of Estimated Strategy NPV Economic Costs and Benefits for the 
Region ($000) 

 
Plastic 

ARF on Both 
Paper and 

Plastic Cost / Revenue Category Status Quo Education Ban Plastic 
ARF on

Plastic Production $8,929 $8,559 $2,727 $4,359 $4,118
Paper Production $83,072 $79,629 ,04 9,761 $38,315

n $0 $0 $0
e Production

$100 6 $7
Reusable Productio $0 $0
Compostabl  $0 $0 $0 $0 $0 
Total $9  2,773 $84,120 $42,433 2,001 $88,188 $10

NPV economic costs
Figures are based on

 and bene are calcula ye
 a disco  per

a greater burden to all retailers in administration and 
s, they 

 small retailers from 
trative costs.  Any 

for bags in stock, 
ent. (AEA 

 the ARF in order to 

 for retailers in each 
ated. 

Table y of Estimated Strategy NPV Economic Costs and Benefits for 
Retailers ($000) 

enue Cate Sta n last
ARF on 
Plastic 

ARF on Both 
Paper and 

Plastic 

fits 
t ra

ted over a 30- ar time frame.   
un te of 3 cent.   

 
Any of the ARF strategies would represent 
training.  If it is assumed that smaller retailers are less likely to have the available system
may be more impacted.  If that is the case, the City could choose to exempt
reporting and may be able to allow them to keep the ARF to cover adminis
ARF will require an auditable system that will record bag sales, account 
reconcile sold versus stock remaining, and allow for submittal of records and paym
2005)  This analysis also assumes that the retailer will keep 50 percent of
promote reusable bags and recycling.  This is shown as a benefit. 

Table 6-6 shows the estimated net economic costs and benefits anticipated
strategy evalu

 6-6. Summar

Cost / Rev gory tus Quo Educatio Ban P ic 

Bag Revenue $406 0,690 301,672 $187,529,589 $389,738 $32 $
Bag Costs ($40 1) 7,483 8,655) ($185,653)

r ARF $ $0 $229,436 $267,166
Product Sales 7,106 $9,831 $17,697

oduct Cos ) 93) $9,536) ($17,166)
($41) ($41) ($413) ($413)

$0 ($413) ($413) ($949) ($949)
Amortized Capital $0 

2,523) ($385,84 ($31 ) ($29
Consume 0 $0
Alternative $0 $376 $1
Alternative Pr ts $0 ($365 ($16,5 (
Administration $0 
Training and Staff 

$0 $0 $0 $0 
Total $4,066 $3,455 $3,266 $231,386 $268,210 

NPV economic costs and benefits are calculated over a 30-year time frame.   
Figures are based on a discount rate of 3 percent.   
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Consumers 

This report measures broad impacts on consumers by considering the effect of strategies on 
“give-away” bag costs (assuming the cost of “give-away” bags is passed on to consumers in 
general store prices), garbage and reusable bag purchases; advanced recovery fees under 

es 3 and 4, and implementation, and solid waste management fees paid to the City of 

ted for consumers in each 

d Benefits for 
nsumers ($000) 

Cost / Revenue Category Status Quo Education Ban Plas
ARF on 

lastic 

ARF on Both 
Paper and 

Plastic 

strategi
Seattle.   

Table 6-7 shows the estimated net economic costs and benefits anticipa
strategy evaluated. 

Table 6-7. Summary of Estimated Strategy NPV Economic Costs an
Co

tic P

Bag Costs ($4 ) 0,690 1,672) ($187,529)06,589) ($389,738 ($32 ) ($30
Consumer ARF 0 458,872) ($534,331)

 Expenditure $0 ( 76) 06 $9,831) ($17,697)
$0 $0 $ ($

Household  $3 ($17,1 ) (
Hauling ($7 ,842) $6,100) ($3,723)

postin ($ 2) ($290) ($147)
isposal ($

,746) ($7,331) ($6 (
Recycling & Com g 321) ($307) ($35
Transfer and D 2,299) ($2,206) ($1,393) ($1,489) ($1,213) 
Total ($4 ) 38 78,253) ($744,640) 16,854) ($399,958 ($346, 3) ($7

NPV economic costs and benefits
Figures based on a discount rate 

 calculated over a 30-year time frame. 
of 3 percent. 

fect of strategies 
 taxes paid to the City 

c bag program, 
n the recycle, compost, 
, additional costs for 

ntrol, etc.), and the costs of litter and marine litter abatement.   

e estimated incremental net economic costs and benefits anticipated for the 

Environmental impacts are based on estimated consumption data and life cycle inventory data 
from Nolan-ITU 2004 (See Review of Existing LCA Studies section in this report).  As 
discussed in that section, the results presented here have a great deal of uncertainty due to errors 
and differences in the assumptions in the inventory data.  Results are presented for the 

 

City of Seattle 

This report measures broad impacts on the City of Seattle by considering the ef
on fee revenue (under strategies 3 and 4), solid waste management fees and
of Seattle, the incremental costs of implementing and managing the plasti
enforcement and inspection, ancillary costs associated with plastic bags i
and disposal streams (e.g., maintenance, litter control at disposal facilities
recycled commodity quality co

Table 6-8 shows th
City of Seattle in each strategy evaluated. 

Environmental Impacts 
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environmental categories with applicable data.  As is typical of most impact assessments, 
assumptions and uncertainty of the data have to be taken into account when interpreting the 
results presented (Rosselot, 2004).  For that reason, and to get a better sense of the broader level 
environmental implications, Table 6-9 compares data for each environmental category under 

  Raw results for 
J.   

and benefits for the 

Cost / Revenue Category Status Quo Education 
Ban 

Plastic 
ARF on 
Plastic 

ARF on 
Both Paper 
and Plastic 

each strategy, normalized as a percentage of the status quo condition.
environmental burdens over the 30 year period are shown in Appendix 

Table 6-8. Summary of estimated strategy NPV economic costs 
City of Seattle ($000). 

Administration ($7,938) $9,6 ($ ($11,309) ($11,309)( 24) 9,624)
Insp t 6) 1,6 ($ ($4,979) ($4,979)

, Monitoring, E 0 3, ($ ($4,312) ($4,312) 
ection and Enforcemen ($1,68 ($ 86) 2,783)

Program Marketing
and Research 

ducation, ($1,96 ) ($ 136) 3,136) 

Hauling, Transfer, Recycling, and D $919 $ $620 $505
,735) $17,9 ($5, ($9,147) ($8,641)

Control 0) 9,8 ($9 ($9,800) ($9,800)
en

isposal $958 580
Other Costs Due to Bags ($18 ( 59) 722)
Terrestrial Litter ($9,80 ($ 00) ,800)
Marine Litter Abatem t 92) $39 ($ ($392) ($392)

 ARF $0 
($3 ( 2) 392)

Consumer $0 $0 $229,436 $267,166 
Total 5 1 $3 $190,117 $228,237 ($39,5 3) ($4 ,677) ( 0,877) 

NPV economic costs and benefits
Figures based on a discount rate of 3 percen

 calculated over a 30-year time frame. 
t. 

 
Table 6-9. Environmental impacts normalized to status quo. 

  
Stat
Qu Ed ion 

n 
tic 

ARF on 
Plastic 

ARF on Both 
Paper and 

Plastic Units
us 
o ucat

Ba
Plas

Non-Renewable Energy Megajoules (MJ 100 % 70% ) % 96% 73 47%
GHG Emissions kg CO 100 % 75% 2 eq. % 96% 82 47%

epletion (Abi g Sb 100 % 68% Resource D otic) k  eq. % 96% 69 47%
kEutrophication g PO 100 % 85% 4 eq. % 96% 101 46%

Litter Marine Diversity kg 100% 96% 33% 49% 49%
Litter Aesthetics Square meters 100% 96% 34%
Shopping Bag Waste Generated Tons 100% 96% 89% 

50% 49%
78% 45% 

Units produced in each environmental category are summed over a 30-year time frame. 
 
This report does not attempt to estimate the monetary value of environmental impacts.  Though it 
leaves the comparison of environmental and economic impacts to subjective analysis, assigning a 
monetary value to the environmental impacts of the various policy strategies is inherently 
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difficult (ACG 2006)8.  There are a number of advancing methodologies for monetizing 
ecosystem functions and services, and environmental impacts (EVG 2007), but they are outside 
the scope of this report.   

ng bag waste over a 30-year 

 Status Quo Education Ban Plastic 
ARF on 
Plastic 

ARF on Both 
Paper and 

Plastic 

The results for each of the strategies on estimated tonnage of shoppi
time frame are presented in Table 6-10.   

Table 6-10. Estimated shopping bag tonnage changes compared to status quo as the 
result of strategy implementation (tons). 

Generated 169,791 162,366 ,583 3,233 77,082150 13
Incr se / (Reducti 1%) (22%) (55%)ea on %)  (4%) (1

Disposed 6
crease / (Reduction

9 ,290 43,482 34,451
2%) (38%) (51%)

,731 66,724 40
In  %)  (4%) (4

Recycled 100 3 0,293 89,751 42,630
ecycle Rate 5  73% 67% 55% 

,060 95,64 11
R 9% 59%

Total tons summed over a 30-year time frame 
tatus quo 

ts Conclusions 

ikely impacts of the 
ted.  According to 

ifferent environmental 
 of the strategies 

parison between all environmental categories 

s in each of the 
 quo.  The 

assumptions discussed earlier and listed in Appendix J give a sense for the range of interpretation 
and results possible within the confines of this analysis.  The quantitative results can help foster 
an understanding of the implicit trade-offs that will result if any of these strategies are adopted.   

Increase/(Reduction) % compared to s
 

Economic and Environmental Costs and Benefi

Cost benefit analysis of these policy options provides an insight to the l
measures — if implementation and consumer behavior proceeds as expec
research, the intent of LCAs is to show the relative importance of the d
categories for improvement analysis (Rosselot, 2004), in our case, for each
evaluated.  In this section, Table 6-11 shows a com
and the NPV economic costs and benefits calculated earlier.   

The shaded fields in Table 6-11 show those strategies with highest reduction
economic cost and environmental burden categories, compared to the status

                                                 
8 For example, according to the ACG report, when the “willingness to pay” methodo
households are often unable to indicate a 

logy is used “individual 
reliable ‘willingness to pay’ for a better environment, because one 

person’s expenditure on clearing up litter in the neighborhood benefits the entire neighborhood.  The service 
provided is a public good.  What’s more, an expectation that government (not the householder) will pay for the 
provision of a benefit can lead to an exaggeration of willingness to pay, while an expectation that a payment may be 
required can result in an under-statement (particularly if there is an expectation by individuals that they may be able 
to ‘free ride’ on the contributions of others).” (ACG 2006) 
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Table 6-11. Economic and environmental costs and benefits normalized to status quo. 

 Units 
Status 
Quo Education 

Ban 
Plastic 

ARF on 
Plastic 

ARF on 
Both Paper 
and Plastic 

NPV $ 100% 97% 75% 76% 57%
Non-Renewable Energy Megajoules (MJ) 100% 96% 70% 73% 47%
GHG Emissions kg CO2 eq 9 75% . 100% 6% 82% 47%

esource Depletion (Abiotic kR ) g Sb eq. 100% 96 6 68% % 9% 47%
gEutrophication k  PO4 eq. 100% 96 10 85% % 1% 46%

ine DiversitLitter Mar y kg 100% 96% 3 49% 49%
Squ ters 100% 96

3%
Litter Aesthetics are me % 3 50% 49%

d 100% 96 8 78% 
4%

Waste Generate Tons  % 9% 45% 

Units produced in each environmental categ ear time frame. 
ic costs and benef culated  30- me f

ental lifecycle assessment offers a number of relevant 

ic benefits, despite 
ic gains by sector.   

nd the least overall 
omically than with 

 an ARF. 

 benefits to a plastic 
significantly better 
mic gains similar to 

onsumers and the 
 paper production 

sts.  With a plastic only 
cost, while the City 

revenue).   

ost environmental 
r overall economic 

n all bags, 
 experience slightly less costs than with a plastic only ARF (due 

to an anticipated increase in reusable bags), and the region experiences 
much more economic cost (due to decreased paper production).  Again, 
the City and retailers both benefit from revenue under either a plastic only 
or an all-bag ARF. 

ory are summed over a 30-y
NPV econom its cal  over a year ti rame. 
Figures based on a discount rate of 3 percent. 
 
The combined economic and environm
observations, given the above caveats: 

 All strategies offer both environmental and econom
some environmental trade-offs and uneven econom

 Education provides the least environmental gains, a
economic gains, though consumers are better off econ
other strategies due to the absence of

 A ban on plastic bags provides similar environmental
only ARF, though improvement in litter with a ban is 
than with all strategies.  A ban provides overall econo
a plastic only ARF.  However, with a plastic ban, c
region benefit (due to fewer bag “purchases” and more
respectively) and the City and retailers add co
ARF, consumers and the region experience additional 
and retailers experience gains (with additional ARF 

 An ARF on all disposable shopping bags provides the m
gains (except for litter), and provides for much highe
gains when compared to all strategies.  With an ARF o
consumers
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 These quantified results apply only to types of bags evaluated, and may 
not be applicable to all product types. 

The strategies to address disposable food service items were narrowed to the following four for 
tal assessment: 

Disposable Food Service Ware Strategies 

further life cycle cost/benefit and environmen

 Keeping the status quo:  General education focused on ongo
reuse-recycle messaging; plus e

ing reduce-
ncouragement to use privately-provided 

recycling opportunities for food service items.   

 Enhanced education:  Begin a public outreach, education and promotional 
campaign specifically focused on owners/managers of restaurants, cafes, 

le food service 
naged through 

This would become part 
xpanded polystyrene 

ne (EPS) products

and coffee shops to encourage replacement of disposab
items with recyclable or compostable alternatives ma
recycling and food waste composting programs.  
of SPU’s ongoing reduce-reuse-recycle messaging.  E
(EPS) products would be especially discouraged.   

 Enhanced education plus ban on expanded polystyre :  
ice items only at all 
ater deadline for all 

le with restaurants 
enrolled in composting or recycling programs.  

RF) on expanded 

Implementation of mandatory ban on EPS food serv
food vendors in Seattle.  Ban to be phased in plus a l
food service items to be compostable or recyclab

 Enhanced education plus advanced recovery fee (A
polystyrene (EPS) products only.  The ARF (possible 
cents) could be remitted entirely to the City, 
merchants w

range 10 to 25 
split by the City and 

ho would use their share to promote reusable alternatives and 
promotion and 

) on all non-

recycling, or retained entirely by merchants for 
administrative costs. 

 Enhanced education plus advanced recovery fee (ARF
compostable and non-recyclable food service ware items.  The ARF 

 10 to 25 cents) could be remitted entirely to the City, split 
ote reusable 
or promotion 

The primary reasons for focusing further evaluation on only the above options includes the items 
listed below.  Given the City’s policy goals for reducing greenhouse gas emissions, and 
increasing recycling and sustainability, keeping the status quo is not an alternative on its own.  

(possible range
by the City and merchants who would use their share to prom
alternatives and recycling, or retained entirely by merchants f
and administrative costs. 
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However, all other options are evaluated in comparison to the expected results if the status quo 
were continued without further intervention by the City. 

 There are currently high levels of community concern about the 
 2007)  An 

items are used annually in Seattle, and their light weight is a cause for 
EPS food service items 

onment, and 
hat their use be 

PS and other plastic 
 service items due to sanitation and contamination issues.  However, 

tractor to establish the 
h food waste from 
nd product quality 
PU 2007b) 

 Biodegradable/compostable and recyclable food service items are 
nd the anticipated 
service items. 

ive when applied in 
n been shown to be 

environmental costs are externalized from the market.  (ACG 2006) 

summarizes the perceived advantages and disadvantages associated 
with each of the strategies evaluated.   

 model of anticipated net 
e in order to create 

ited amount of life cycle 
owever, in order to present useful 

information, economic costs and benefits due to the four strategies are considered only for one 
type of food service products with inventory data (16-ounce – approx. 5-inch – clamshells).  
Marginal costs and benefits are estimated based on a combination of: 

environmental impacts of disposable EPS in Seattle.  (SPU
estimated 21 million EPS clamshells alone, and other plastic food service 

high levels of inadvertent littering.  Persistence of 
(and plastic food service items in general) in the envir
documented impacts on marine ecosystems, dictates t
minimized. 

 The City does not provide curbside recycling for E
food
the City is working closely with its composting con
ability to process compostable products combined wit
commercial establishments, as long as the economic a
standards targeted by the contactor are considered.  (S

considered due to the nature of the product use a
difficulties associated with reusable take-out food

 Product bans and ARFs have been shown to be effect
other municipalities.  Voluntary measures have ofte
insufficiently effective in changing consumer behavior when 

Table 6-12, following page, 

Economic Cost / Benefit Case Study of 16-ounce Clamshells 

As in the disposable shopping bag section, this section uses a simple
present value (NPV) economic costs and benefits over a 30-year time fram
additional decision support for the analysis of program strategies.  A lim
inventory data was available for food service items.  H
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Table 6-12. Perceived advantages and disadvantages to evaluated food service items strategies. 

# Option Advantages Disadvantages 

1 Enhanced educat

o e a

cling pr

ks urgency 

pacts of food service items continue 

occurs 

uncertain 

se of expanded polystyrene in food 
-2 in Elway poll) 

ion  Voluntary  Lac

 

 

Rec  alternative products a
em ogy 

Least intrusive 

 Public

gnizes that
erging technol

r vailable, but an  Most

 suppor

Recognizes t
of these plast

ts (See survey.) 

hat there aren’t recy
ics 

 Would not require enforcement 

 ograms for many 
bl

serv

 environmental im

 Limited behavior change 

 No clear targets, results 

 Pu ic favors a ban on u
ice (Qs 10-1, 13, 14

2 Enhanced education plus ban on
PS) pr duct

ve o
i it
u i

q
 n

a  

 food tl

 m y u
og m

R

nge that u
waste and p

oup) favors

 With deadline, captures all products, not just EPS 

ble, despite potentially higher 
impacts even when recycled. 

y increase bureaucracy required to 
vendors 

od vendors, creates perception of 

 enforcement responsibilities to the 

e the culture around the use of 
ice items 

t environmentally better in all 
ailable, still an emerging 

 Recycling programs for food service plastic not yet widely 
available 

 
expanded polystyrene (E
plus a future deadline for con
all disposable plastic food serv
to compostable or recyclable s

o s 
si n of 

d

 Environmental imr
ce ems 

utes 

ucts are available 

pacts from EPS, a 
pollutant in the marine environment,

 Ensures that changeover to compostbst t
products will occur 

 Alternative pro

uni ue and serious 
ificantly reduced 

 Makes non-EPS mo
environmental and GHG

 If universally appsig

bl and recyclable 

re accepta
 

lied, ma
introduce across all food e

 If universally applied, treats all ou

a se fewer 

o

 Adds administrative and
ets equally 

 If applied to subset of f
“uneven playing field” 

 If applied to subset of food u
resources required to a

o tlets,
dminister pr

minister than A

 Implements a mandatory cha

ra  City 

 Does little to ch May be easier to ad F 

 c ld lead to more 
ackaging 

ang
disposable food ser

 Alternative prodo
responsible attitudes towar
generally 

ds 

 Public and business (focus gr  a ban 

v

ucts no
categories, and while av
technology 
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# Option Advantages Disadvantages 

3 Enhanced education plus adva  
recovery fee (ARF) on expande
polystyren ) products 

a 
, gni

l t

s, m y

u t
o u

u  

re acceptable, despite potentially higher 
pacts even when recycled, and 

ven playing field” 

y increase bureaucracy required to 
vendors 

d vendors, creates perception of 
d applies uneven encouragement 

 enforcement responsibilities and 

r City to administer 

onsibilities and costs to food 
inistrative difficulties for food 

 service items use reporting and fee 

e paid by retailers and suppliers – 
ers 

lic polled oppose a charge 

t environmentally better in all 
ailable, still an emerging 

 Recycling programs for food service plastic not yet widely 
available 

nced
d 

 Environmental impacts from EPS, 
pollutant in the marine environment
reduced 

 If universally applied, treats all reta

 If applied to subset of food vendor

e (EPS

unique and serious 
 si ficantly (< #2) 

ou lets equally 

 reduce resources 

 Makes non-EPS mo
environmental and GHG im
creates perception of “une

 If universally applied, m
introduce across all foo

i

a
required to administer program 

 Implements an incentive (less onero
more responsi

s) 
ns mption and r behavior change 

 Adds administrative and

hat could lead to 

a
d 

 If applied to subset of foo
“uneven playing field” an
foble attitudes toward  

disposability 

 Could provide a revenue stream

s c

 to f
packaging reduction. 

nd projects related to costs to the City  

 Fee may be difficult fo

 Adds administrative resp
vendors.  May pose adm
vendors regarding food
reconciliation 

 ARF likely would b
invisible to co

 Small majority of 

nsum

p

 Alternative produc

ub

ts no
categories, and while av
technology 
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# Option Advantages Disadvantages 

4 Enhanced education plus adva  
recovery fee (ARF) on all non-
compostable and non-recyclable
service ware items 

 all food r

ice pl

 tha ll
m

 equ y

ay r u

s

e  
o

 p

a
and recycling  

y increase bureaucracy required to 
vendors 

d vendors, creates perception of 
d applies uneven encouragement 

 enforcement responsibilities and 

r City to administer 

onsibilities and costs to retailer.  
ve difficulties for food vendors 

ice items use reporting and fee 

tor-retailer, invisible to customer 

eover to compostable or recyclable 

e for changeover 

t environmentally better in all 
ailable, still an emerging 

 Recycling programs for food service plastic not yet widely 
available 

nced

 food 

 Environmental impacts from
substantially reduced 

 Treats all disposable food serv

 If universally applied, recogni
serv c

 se vice items  

astics equally 

t a  types of food 
act; treats all 

 If universally applied, ma
introduce across all food 

 If applied to subset of foo
“uneven playing field” an
for zes

ntal i
tlets

 If applied to subset of retailers, m
required to administer 

i e items have environme
disposable items and food ou

p
all  

ce resources 

behavior change 

 Adds administrative and
costs to the City.   ed

 Fee may be difficult foprogram 

 Motivates businesses to change t
recyclable products

o co

ws time for businesses and suppl
products. 

 

mpostable and  Adds admi
May pose ad 

 Allo ier

ad to more 
pt n and 

 Likely paid by distrib

 Does not assure chan

 to find alternative 

nistrative resp
ministrati

regarding food serv
reconciliation 

Implements an incentive tha
responsible attitudes toward
disposability 

t could l
s consu

 Preserves store and customer option

m i

s

 Fee could support public education on

 at oint of purchase   Does no

 p ckaging reduction 

t set a dead

 Alternative produc
categories, and wh

u

g
products 

lin

ts no
ile av

technology 

Notes:   
1 Lifecycle Cost Assessment shows various impacts among the products in use.  There is no product with a notably minimal impact compared to others. 

ce or administrative rule. 

4.  curbside recyclables collection is not considered in these options, though SPU may choose to do this for some plastics. 
5. These options assume that commercial food service items approved “compostable” would also be acceptable in residential YWFW collection for consistency of message to public. 
6. Chosen program will be phased in.   
7. There will be an ongoing public outreach cost in all cases. 

2. A standard for compostability is required.   This could be approval/certification by Cedar Grove.  The City can establish a standard by ordinan
authority to tax this activity.  Thus, a tax option is not included. 3. The City does not have the 

Adding commercial food service plastics to
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 Consumer and retailer behavior (see below) 

 Consumption estimates (see below) 

 

 averages or estimates (see Alternative Products) 

 collection, processing, transfer and disposal contract 

sts 

on (e.g., ARF costs and revenues) 

fits applied only to 
lls at approximately 20% of 

e analysis, care should 
 of other food service 
ined in Appendix K.  
-13, below. 

d benefits ($000). 

 at  S  EPS 
ARF on All 

Types 

Available demographic data 

 Published product price

 SPU estimates for
expenditures; and market revenues 

 Estimated administrative, personnel, and program co

 Fiscal impacts of strategy implementati

Again, this model is primarily a narrow assessment of costs and bene
clamshells.  All costs and benefits have been apportioned to clamshe
food service item use.  Based on the best practices associated with life cycl
be taken before general conclusions are made concerning costs and benefits
products.  Assumptions, calculations, and full results of the model are conta
Summary results for all affected sectors and in total are presented in Table 6

Table 6-13. NPV of economic (costs) an

St us Quo Education Ban EP ARF on

SPU/City of Seattle ($ 7) ,988 $1,327  $3,166 12,098) ($14,95 ($15 )
Consumer ($ 6) ,936) ,557) ($95,027)

 Vendors ,235) $8,753  $10,748 
8,237) ($12,68 ($42 ($77

Food $79 ($4,533) ($4
Regional $0 $273 $273 $273  $273 
Total ($20,255) ($31,903) ($62,885) ($67,204) ($80,840) 

Notes: 1. (NPV) economic costs and
 2. Discount rate:  3 percent 

 benefits over a 30-year time frame 

ch of the strategies is 
t; Appendix K), 

ve 2005, and ACG 2006) 
attle’s programs.  The 

or are intended to reflect the 
ight make when confronted by any of the strategies 

outlined above (Nolan-ITU 2004).  Consumer behavior in turn directly affects alternative 
product use, recycling and composting rates (and hence, disposal rates), and environmental 
impacts.  As such, the accuracy of the analysis is subject to a degree of uncertainty.  
Assumptions are summarized in Appendix K.   

 

Consumer and Food Vendor Behavior 

Consumer and food vendor behavior in response to implementation of ea
estimated based on stakeholder input (See Research and Stakeholder Inpu
published studies (See Nolan-ITU 2004, GHK 2007, Scottish Executi
and best professional estimates of participation in, and efficiency of, Se
assumptions and estimates used to approximate consumer behavi
choices that consumers and food vendors m
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As with the plastic bag section, this section expresses consumer and food vendor choices as a 
percentage of affected transactions that adopt different clamshell types (or stay with their 
existing one) due to each strategy.   

 for all strategies.  For 
trategy and consumer 

ross food vendor categories.   

l items. 

S ARF on EPS 
ARF on All 

Types 

Table 6-14 shows estimated total percentages of alternative clamshell use
this analysis, it is assumed that all food vendors are covered by each s
responses are consistent ac

Table 6-14. Percentage switching to alternative clamshel

 Status Quo Education Ban EP

Switch from EPS To:   
Con nue EPS 40% 0%

0% 0% 70% 40% 5%
0 5% 5% 5%

PLA 0% 10% 10% 5%
r 0%  5% 5% 5% 

ti 100% 90% 10%
PET 
PP % 0%

 5%
Pape  5%

Consumption Estimate 

 2004 Seattle waste 
ortions (SVA Seattle 

, consumer behavior 
 and recycling rates9, 

and average clamshell product weights and capacities (See Alternative Products section).   

Table 6-15. Estimated baseline EPS clamshell consumption. 

 

e  
Waste Disposed 

(2004 C tion) a 2008 Estimate 

Percent of 
Waste Comp. 

Category 

Table 6-15 shows status quo EPS clamshell consumption as estimated from
composition data and anecdotal estimates of individual component prop
2007).  Future consumption is based on estimated waste generation growth
regarding alternative products, consumer behavior regarding composting

P rcent of Res.

omposi

E al and Commercial Waste 
G

st. 2008 Residenti
enerated (Tons)   b  686,658 

Expanded Polystyrene (Tons) 2,210 0.32% 5%
ells (Tons) 120 PS Clamsh  

Avg. PS Clamshell Weight (lbs.) 0.011 
21,863,000 

572,600 
Annual Per Plastic Capita PS Clamshell Use  38  

 
PS Clamshells Consumed (#) c)  

2004 Seattle Population  

Notes:  
a See (SPU 2006) “Copy of Revised 60% projections March 24_ 2006 Update” prepared by SPU Staff, March 2006. 
b See (SPU 2007) Seattle Solid Waste Recycling, Waste Reduction, and Facilities Opportunities.  May 2007 
c Consumption figures based on one year 

                                                 
9 See Seattle Solid Waste Recycling, Waste Reduction, and Facilities Opportunities. May 2007. 
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Stakeholder Implications 
Manufacturers 

This report measures broad impacts on manufacturers by looking at the effect of strategies on 
uct units.  Estimated percentage of product production by type is used to 
ffects to the region.  For these calculations, it is assumed that approximately 5 

s, and no PLA items are 

 for the region in 
uated. 

mic costs and benefits for the region. 

Cost / Revenue Category Status Quo Education Ban EPS F on EPS 
ARF on All 

Types 

production of prod
nomic eassign eco

percent of disposable plastic food service items, 10 percent of paper item
produced in the region.   

Table 6-16 shows the estimated net economic costs and benefits anticipated
each strategy eval

Table 6-16. Summary of estimated NPV econo

 AR

(All) Plastic Productio $0 $0n $0 $0 $0
Paper Production $0 73 $273 $273 $273

ction $
 $2

PLA Produ 0 $0 $0 $0 $0 
Total $0 273 $273 $273  $0 $

Notes: 1. (NPV) economic costs and benefits over a 30-year time frame 
  3 percent 
 

ct of strategies on 
inistration, 

e item restrictions.   

n cost (assuming the 
rices, but higher item 

  If it is assumed that 
 more impacted.  If that 

g and may be able to 
allow them to keep the ARF to cover administrative costs.  Any ARF will require an auditable 

s stock remaining, 
ssumes that the food 

2. Discount rate: 

Food Vendors 

This report measures broad impacts on food vendors by looking at the effe
“give-away” clamshell costs and revenues, and implementation, equipment, adm
promotion and education, and staff training costs.  No account is taken for any losses in revenue 
due to sales leaving the City of Seattle for jurisdictions with no food servic

Any of the ARF strategies would represent a greater burden to all retailers i
cost of “give-away” clamshells is passed on to consumers in general food p
costs require a larger percent of cash flow)10, administration and training.
smaller retailers are less likely to have the available systems, they may be
is the case, the City could choose to exempt small retailers from reportin

system recording bags sales, account for bags in stock, reconcile sold versu
and to submit records and payment. (AEA 2005)  However, this report a

                                                 
10 This may be a simplistic assumption for the treatment of these costs associated with switching to alternative food 
service items.  A summary prepared for the state of California by Kahoe Associates indicates that for those food 
vendors that are limited in their ability to pass along the additional costs of alternative products (e.g., some state 
agencies, K-12 schools, social service institutions, etc.) the effects would be a direct impact on budgets with no 
offsetting revenue (Kahoe 2006).   
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vendor will keep 50 percent of the ARF in order to promote recyclable and compostable food 
service items, and recycling.  This is shown as a benefit. 

Table 6-17 shows the estimated net economic costs and benefits anticipated for retailers in each 

Table 6-17. Summary of Estimated NPV Economic Costs and Benefits for Food Vendors 

F on EPS 
ARF on All 

Types 

strategy evaluated. 

Cost / Revenue Category Status Quo Education Ban EPS AR

Food service items Rev $7,925 $12,360 $42,226 $32,201 $46,041
Food service items Co ($ ) 04 1,879) ($45,580)

$22,397 $24,254
sts 7,846) ($12,236 ($41,8 ) ($3

Consumer ARF $0 $0 $0
Alternative Product Sal $0 $0es $0 $0 $0
Alternative Product Costs $0 0 $0 $0

$0 ( 23) ($423) ($4,234) ($4,234)
  $ $0

Administration  $4
Training and Staff 4) ,234) ($9,733) ($9,733)

apital 
$0 ($4,23 ($4

Amortized C $0 $0 $0 $0 $0 
Total $79 ($ 33) 4,235) $8,753 $10,748 4,5 ($

Notes: 1. (NPV) economic costs and benefits over a 30
   3 percent 

-year time frame 

 

ers 

ffect of strategies on 
shells is passed on to 

der strategies 3 and 4, and 
attle.   

Table 6-18 shows the estimated net economic costs and benefits anticipated for consumers in 

ma tim PV i d  for Consumers 

e Categor Status o Ed ation an EPS ARF on EPS 
ARF on All 

Types 

2. Discount rate:

Consum

This report measures broad impacts on consumers by considering the a
“give-away” clamshell costs (assuming the cost of “give-away” clam
consumers in general food prices), advanced recovery fees un
implementation, and solid waste management fees paid to the City of Se

each strategy evaluated. 

Table 6-18. Sum ry of Es ated N Econom c Costs an  Benefits

Cost / Revenu y Qu uc B

Food service items Costs ($7, ($ 60) 42,226) ($32,201) ($46,041)925) 12,3 ($
Consumer ARF $0 $0 $0 44,795) ($48,508)

ousehold Expenditure 0 $0 $0
($

H  $0 $0 $
Hauling ($180) ($189) ($411) ($325) ($278)
Recycling & Composting $0 ($1) ($2) ($2) ($8)
Transfer and Disposal ($131) ($136) ($297) ($235) ($192) 
Total ($8,237) ($12,686) ($42,936) ($77,557) ($95,027) 

Notes: 1. (NPV) economic costs and benefits over a 30-year time frame 
 2. Discount rate:  3 percent 
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City of Seattle 

This report measures broad impacts on the City of Seattle by considering the effect of strategies 
on advanced recovery fees under strategies 3 and 4, solid waste management fees and taxes paid 

f Seattle, the incremental costs of implementing and managing the food service 
enforcement and inspection, and the costs of litter and marine litter abatement.   

ts anticipated for the 

 for the City of 

Cost / Revenue Category Status Quo Education Ban EPS ARF on EPS 
ARF on All 

Types 

to the City o
program, 

Table 6-19 shows the estimated incremental net economic costs and benefi
City of Seattle in each strategy evaluated. 

Table 6-19. Summary of Estimated NPV Economic Costs and Benefits
Seattle 

Administration $0 ($1,686) ($1,686) ($3,371) ($3,371)
Inspection and Enforceme ,098) ($3,293) ($3,293)

 
, and ,176) ($2,352) ($2,352) 

nt $0 $0 ($1
Program Marketing,
Monitoring, Education
Research 

$0 ($1,176) ($1

Recycling $0 0 $0 $0 $0
fer and $5  124 $98 $80 

to Food $0  $0 $0 $0 

ontro ($1 ) 1,760) ($11,760) ($11,760)
tter Abatemen

 $
Hauling, Trans
Disposal 
Other Costs Due 

5 $57 $

Service Items  $0

Terrestrial Litter C l 1,760) ($11,760 ($1
Marine Li t ($39 ( 2) 92) ($392) ($392)

onsumer ARF 
2) $39 ($3

C $0 $0 $0 $22,397 $24,254 
To ($12,098) (tal $14,957) ($15,988) $1,327 $3,166 

Notes: 1. (NPV) economic costs and benefits over a 30-year time frame 
e:  3 percent 

cle inventory data 
isting LCA Studies 

ere have a great deal 
ntory data.  Results are 

ypical of most impact 
assessments, assumptions and uncertainty of the data have to be taken into account when 
interpreting the results presented (Rosselot, 2004).  Like the data presented for disposable bags, 
Table 6-20 compares data for each environmental category under each strategy for clamshells 
only, normalized as a percentage of the status quo condition.  Care should be taken to avoid 

 2. Discount rat
 

Environmental Impacts 

Environmental impacts are based on estimated consumption data and life cy
from Franklin 2006, Franklin 2006B, and IFEU 2006 (See Review of Ex
section in this report).  As discussed in that section, the results presented h
of uncertainty due to errors and differences in the assumptions in the inve
presented for the environmental categories with applicable data.  As is t



Alternatives to Disposable Shopping Bags and Food Service Items 
 

wp1   /06-03304-320 alternatives to disposable shopping.doc 

January 29, 2008 6-27 Herrera Environmental Consultants 

extrapolating these results to other food service products.  Raw results for environmental burdens 
over the 30 year period are shown in Appendix K.   

Table 6-20. Environmental impacts normalized to status quo. 

 Units 
Status 
Quo Education Ban EPS 

ARF on 
EPS 

ARF on All 
Types 

Non-Renewable Energy Megajoules (MJ) 100% 105% 214% 173% 156%
GHG Emissions kg CO2 eq. 100% 105% 23 185% 162%
Ozon thylene 

4%
e g e eq. 100% 100% 134% 120% 105%

Acidification kg SO2 eq. 100% 104% 1 149% 142%
tion  PO4 e

79%
Eutrophica kg q. 100% 101% 1 103% 108%   04% 

Notes: 1. Enviro tegory u rod umm er a r ti me 

ge clamshell waste over a 30-year time 

Table 6-21. Estimated Clamshell Tonnage Changes Compared to Status Quo as the Result 

 
Status 

tion
Ban

Plastic
RF on 

Plastic

ARF on Both 
Paper and 

Plastic 

nmental ca nits p uced s ed ov 30-yea me fra

The results for each of the strategies on estimated tonna
frame are presented in Table 6-21.   

of Strategy Implementation 

Quo Educa
 A

Generated 4,004 03 9,602 7,580 6,478 4,2
Increase / (Reductio 140% 89% 62% n %)  5%

Disposed 4,004 68 9,503 7,481 6,099 
rease / (Reduction ) 137% 87% 52% 

4,1
Inc  %  4%

Recycled 0 35 99 99 379 
Recycle Rate 0% 1% 1% 1% 6% 

Notes: 1. Total tons summed over a 30-year time frame 

 the NPV economic 
ll case study. 

The shaded fields in Table 6-20 show that all strategies have increases in each of the economic 
cost and environmental burden categories, compared to the status quo.  Again, the assumptions 
discussed earlier and listed in Appendix K give a sense for the range of interpretation and results 
possible within the confines of this analysis.   

 2. Increase/(Reduction) % compared to status quo 
 

Environmental and Economic Costs and Benefits Conclusions 

Table 6-22 shows a comparison between all environmental categories and
costs and benefits calculated earlier.  These results are only for the clamshe
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Table 6-22. Economic and environmental costs and benefits normalized to status quo. 

 Units 
Status 
Quo Education Ban EPS 

ARF on 
EPS 

ARF on All 
Types 

NPV $ 100% 119% 169% 176% 199%
Non-Renewable Energy Megajoules (MJ) 100% 105% 214% 173% 156%
GHG Emissions kg CO2 eq. 100% 105% 23 5% 162%

ne
4% 18

Ozo  g ethylen . e eq 100% 100% 13 120% 105%4%
Acidification kg SO2 eq. 100% 4% 17 149% 142%

tion  PO
10 9%

Eutrophica kg 4 eq. 100% 1% 10 103% 108%
ste Generated ns 

10 4%
Wa To 100% 5% 24 189% 162%  10  0% 

Notes: 1. Environmental category un uc med  30-y e fra
omic c nefits o 0-y e fra
te:  3 percent 

 economic and environmental lifecycle assessment offers a number of relevant 

 For the environmental categories for which data exists (which notably 
ll strategies result in 
wever, the 

use be minimized.   

pacts than 
 to PET and paper 

clamshells as substitutes (despite insulation and heat protection concerns). 

shells reflects the 
This is due primarily 
ich results in lower 

d PET in the environmental categories considered.  
 nitrogen and 

f these strategies on litter 
 researchers that a 

ld be highest under a 
ucation only.   

y strategy.  This is 
bined effects of higher costs associated with EPS 

clamshell alternatives and costs associated with implementation, 
enforcement, and administration.  Unlike the disposable bag alternatives, 
no less costly clamshell alternative considered (like reusable bags) offsets 
these additional program costs. 

its prod ed sum over a ear tim me 
2. (NPV) econ
3. Discount ra

osts and be ver a 3 ear tim me 

 
The combined
observations, given the above caveats: 

excludes litter aesthetics and litter marine diversity), a
environmental burdens higher than the status quo.  Ho
permanence of plastic in the environment dictates its 

 A ban on EPS clamshells produces higher environmental im
other strategies, due to this assessment’s assumed shift

 An ARF on all non-compostable, non-recyclable clam
least environmental impacts among bans and ARFs.  
to the incentive toward compostables (e.g., PLA), wh
impacts than paper an
The exception is in eutrophication potential, due to
phosphorus runoff in agriculture. 

 Despite lack of data quantifying the effects o
aesthetics and litter marine diversity, it is assumed by
reduction in the impacts from food service litter wou
ban, followed by an ARF, and lastly through ed

 Economically, the status quo represents the least costl
likely due to the com
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 These quantified results apply only to the clamshells evaluated, and may 
not be applicable to all food service product categories. 

As stated earlier, the type of waste management option modeled has significant impact on 
ting rates (Franklin 2006; 
s, and the potential increase 

in organics composted with compostable food service products, would likely have additional 
s indicate that 
icroorganisms and the 

nic compounds 

results.  These results assume low (2 percent) recycling and compos
Franklin 2006b).  Higher composting rates for compostable product

energy and greenhouse gas benefits, and cost savings.  In addition, studie
composting for soil amendment results in the elimination of pathogenic m
conversion of organic nitrogen and phosphorous compounds into inorga
(Estermann, 1998).   
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7 Conclusions and Recommendations 

This report provides information to help develop a disposable plastics policy for the City of 
S ted here will likely reduce 
environm of disposable plastics.  Regarding 
disposable shopping bags: 

nd the world, 
e U.S., and in the City of Seattle.  Disposable plastic bag litter affects 

both terrestrial and marine wildlife. 

g bags of all kinds 
ental benefits, and reduces unintended 

 shopping bag use should emphasize that no 
n, followed by a new 

ecyclable plastic and 
 or in-store 

ssen littering (i.e., 
er in the marine 

ersistence in the 
environment still has the potential to harm the marine ecosystem.   

tream could 
rogram through 

 plastic 
bags in the Cedar Grove composting system could also harm Seattle’s 

ented 
osable shopping bags 

. 

hopping bags provides no incentive for 
at consumption of 

est prices paid by the 

 An ARF on all disposable shopping bags provides the most environmental 
gains (except for litter), and provides for much higher overall economic 
gains when compared to all strategies.  With an ARF on all bags, 
consumers experience slightly less costs than with a plastic only ARF (due 

eattle.  Actions taken within the spectrum of strategies presen
entally adverse and socially undesirable implications 

 Disposable plastic bags are a significant source of litter arou
in th

 The use of reusable bags instead of disposable shoppin
provides substantial environm
environmental impacts, including litter.   

 All education on disposable
bag or an existing reusable bag is the preferred optio
reusable bag used for as long as possible, and finally r
paper bags reused often and then deposited in curbside
recycling facilities.   

 The use of biodegradable shopping bags may not le
lightweight, disposable), but may degrade fast
environment, lessening impacts.  Their shorter p

 The presence of biodegradable bags in the recycling s
potentially jeopardize Seattle’s plastic bag recycling p
contamination.  Furthermore, any additional presence of petroleum

composting program. 

 Experience and stakeholder input suggests that any strategy implem
for disposable shopping bags should address all disp
(of all materials), at all retail outlets that provide them

 The ‘free’ status of disposable s
consumers to reduce their use; experience has shown th
disposable bags will be reduced substantially at mod
consumer (ACG 2006). 
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to an anticipated increase in the use of reusable bags), and the region 
experiences additional economic cost (due to decreased paper production).  
Again, the City and potentially retailers both benefit from revenue under 
either a plastic only or all-bag ARF. 

, and suggest that an ARF, 
 for consumers in deciding 

 is preserved (ACG 2006), is likely to be 

ch conducted.  Any strategy 
ily influenced by the relative weighting placed upon any of the 

s: 

vironment represents a threat 
ing and other 

 A shift from disposable food service items to biodegradable food service 
rine environment 

ersistence in the 
arine ecosystem.   

or which data exists 
arine diversity), all 

strategies result in environmental burdens higher than the status quo. 

en possible should 
f littering, then 

ositing them with food waste

These findings are reinforced by the comparison of modeled strategies
where prices are used to drive a reduction in bag use, and flexibility
on efficient options for transporting purchases
considerably more cost-effective than a ban 

For food service items, the results are less clear, based on the resear
to be implemented could be heav
environmental or economic factors discussed.  Regarding food service item

 Expanded polystyrene entering the marine en
(not quantified) to marine life along with other packag
littered items. 

items may benefit litter persistence impacts on the ma
due to the faster rate of degradation.  Their shorter p
environment still has the potential to harm the m

 For clamshells and for the environmental categories f
(which notably excludes litter aesthetics and litter m

 All education on disposable food service item use wh
emphasize minimization of packaging and avoidance o
utilization of compostable products and dep  

ization of recyclable 
 bins.  No 

 will accrue from the use of compostable products if 
 contaminant in the 

vice items in the 
plastics recycling 

troleum plastic items in 
omposting program.   

 All strategies evaluated would likely provide for a reduction in litter 
impacts from disposable clamshells, but may be accompanied by other 
increased environmental burdens and costs.  Available data limits the 

in in-store commercial organics collection bins, or util
products deposited in curbside or in-store recycling
environmental benefit
they end up in the landfill, the environment, or as a
recycling stream (CIWMB 2007). 

 As with bags, the presence of biodegradable food ser
recycling stream could potentially harm Seattle’s 
program through contamination; the presence of pe
the composting system could also harm Seattle’s c
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extent to which this finding can be considered applicable to other food 
service items.   

 An ARF on all non-compostable, non-recyclable clamshells reflects the 
.  This is due primarily 

impacts than paper and PET in the environmental categories considered.  
 phosphorus runoff 

y strategy.  This is 
due to the combined effects of higher costs associated with EPS 

ementation, 
able bag alternatives, 

e bags) offsets these 

postable products requires identification and 
n Seattle.  In 

ts in other disposal 
 marine sinking 
nd sewage sludge. 

least environmental impacts among bans and ARFs
to the incentive toward compostables (e.g., PLA), which results in lower 

The exception is in eutrophication, due to nitrogen and
in agriculture. 

 Economically, the status quo represents the least costl
likely 
clamshell alternatives and costs associated with impl
enforcement, and administration.  Unlike the dispos
no more cost effective alternative (like reusabl
additional program costs. 

 Widespread adoption of com
labeling standards applicable to the systems in place i
addition, additional research should consider impac
environments including marine floating conditions,
conditions, anaerobic digestion, sewage treatment, a
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