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Plastic Production in the US
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l 2007 Total US Polymer Production+ Net Imports= 42.5 MMT;
l Disposed in waste stream: 27.9 MMT;
l Collected for recycling: 1.89 MMT { less than 7%.
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What are the potential bene�ts to the environment of increased plastic recovery?

l Does plastic recycling displace primary production?



PET Beverage Bottles
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PET bottles are America's single most-recycled plastic product.

l Account for 1/3 of plastic waste recovered;
l About 24% of bottles nationally are collected for recycling.

Use PET Bottles as a \model system" to study plastic recycling as a resource man-
agement strategy.
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\Legislative Forcing:" Bottle Bills
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California's AB2020 (1987):
\The Beverage Container Recycling and Litter Reduction Act ."

l About 55% of PET bottles recovered.
l Qualifying bottles are assigned a container redemption value, or CRV, which con-

sumers pay to retailers at the point of sale.
l Consumers recoup the cost by returning empty bottles to buyback centers.
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Technology Assessment of PET Bottles

Kuczenski, Geyer | 17 May 2009 SIEYP 2009

Two approaches to technology assessment in contemporary industrial ecology:

l \Micro Scale" { Life Cycle Assessment (ISO 14044:2006)

� Scienti�c report of environmental impacts;
� associated with a unit ofservice;
� system boundary governs what processes are included.

� Principal drawbacks: Data availability; System Boundary is ambiguous.

l \Macro Scale" { Material Flow Account

� Where resources come from and where they go;
� Measurement of physical quantities;
� Geographic boundaries.

� Principal drawback: data availability and quality.

Our approach: integrate the two modes of analysis.



Sources of data
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For the LCA:US LCI Database maintained by NREL and available for free.

l Franklin Associates LCI of polymer resins for the ACC (PET inventory: 2001{2004)
and supporting processes;

l US LCI data focuses primarily on energy (also Franklin Assoc.);
l Fill in gaps with EcoInvent v2.0 (licensing fee);
l Own calculations and data collection for certain California processes.

For the MFA: data are harder to come by.

l Production and Manufacturing: We purchased an industry report:
Davis (2007). \PET Resin." SRI Consulting 580.1150.

l End of Life: Annual reports published by National Association for PET Container
Resources (NAPCOR);

l Material Recovery: California Dept. of Conservation provided county-level vol-
umes of beverage bottle collection and processing;

l Import and Export: HTS-10 quantity data from US International Trade Commis-
sion DataWeb.



PET Bottle Life Cycle
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PET Resin:

l Natural Gas (206 g/kg)! ethylene through steam cracking;
l Oil (588 g/kg) ! xylene! terephthalic acid;
l Mass di�erence from O2 and water;
l 20.1 MJ/kg PET useful energy required (� 30 MJ/kg primary energy).
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Beverage Manufacture and Distribution:

l PET ! bottle (stretch blow molding) 44 g;
l PP ! cap (injection molding) 3 g;
l LDPE ! label (�lm extrusion) 1.4 g;
l 15.1 MJ/kg useful energy required (� 36 MJ/kg primary energy);
l 10.8 L transported per kg of PET.
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Energy Contribution Analysis (117 MJ/kg PET gross cal. value):

l 70 MJ primary energy for process;
l 7.2 MJ primary energy for transport;
l 39.8 MJ feedstock energy (extracted) per kg of PET;
l Energy of PET is 22.9 MJ/kg;
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Energy Contribution Analysis (117 MJ/kg PET gross cal. value):

l 70 MJ primary energy for process;
l 7.2 MJ primary energy for transport;
l 39.8 MJ feedstock energy (extracted) per kg of PET;
l Energy of PET is 22.9 MJ/kg;

) 10.9 MJ/L beverage delivered, cradle-to-disposal



Material Recovery
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Two main pathways: source-separated and commingled.

l Source-separated facilities: bale and sell.
l Materials Recovery Facilities: sort, then bale and sell.
l More rPET exported than consumed domestically (since 2006).
l 1{3 MJ/kg useful energy required (preliminary).

� Includes about 1.0{1.4 MJ/kg for curbside collection.



Recycling Collection and Processing in CA
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Surplus Processing
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l 8 counties processed more PET

than they collected in 2007.
l Assume e�cient allocation:

� Local capacity used up �rst;
� Excess distributed to surplus

counties according to their ca-
pacity.

l Mean distance between collection
and processing: 127 km

l Total freight: 22 MMT�km.



PET Material Flow { US (2006)
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Conclusions
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There is plenty of potential to improve material cycling in the use of PET.

l Energy savings depend on true energy costs of reclamation;
l Collection and down-cycling of bottle-grade resins into �bers and �lm can still o�er

a substantial net reduction in primary PET production;
l Increased domestic reclamation would reduce dependence onforeign markets;
l Transportation energy is not large in either forward or reverse logistics.
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A few caveats:

l PET bottles represent a tiny fraction of plastic produced|there is very little closed-
loop recycling of PE, PP, PVC: : :

l Bottle manufacture consumes as much energy as primary resinproduction.
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