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Problem StatementProblem Statement

l l d h (k ) d• Calculate and compare the energy (kJ) and 
CO2 emission for shopping bags made of the 
following materials
– Paper (25% Recycled/15% Recycled Disposal)
– HDPE (0% Recycled/3% Recycled Disposal)
– Reusable Bagsg

• Cotton (0% Recycled)
• Nylon (0% Recycled)y ( y )
• PET (100% Recycled)
• PET (0% Recycled)



Problem StatementProblem Statement

• Calculate the number of reuses for the 
permanent bags to achieve break‐even points p g p
as compared to each of the two disposable 
bagsbags.

• How are results affected by assuming that 
f h b b25% of the bags are burned to produce 

electricity with 30% efficiency, rather than 
land‐filled?



Critical AssumptionsCritical Assumptions

i l l• Equivalent Volume
– Careful bag selection

• Transportation
– Truck (1,000,000 units per load)Truck (1,000,000 units per load)
– 1500km with 100km disposal (if needed)

• Combustion is Ideal• Combustion is Ideal
• Negligible ‘Use’ Energy
• When a portion of reusable bags is burned, 
the balance is still reused



Physical PropertiesPhysical Properties

Problem Statement
Laboratory Measurement



Transportation FiguresTransportation Figures

Lecture Notes
Estimates



Raw Energy FiguresRaw Energy Figures

CES Database
Problem Statement



Emissions FiguresEmissions Figures

CES Database
http://www.arb.ca.gov/msprog/hdvip/bip/naftamextrk.pdf

http://gristmill.grist.org/print/2008/1/14/0464/78938?show_comments=no



Energy ContributionsEnergy Contributions

E b d d E R M t i l• Embeded Energy + Raw Material
– Bulk material fabrication
– Virgin/Recycled energy based on content shareVirgin/Recycled energy based on content share

• Manufacturing
– Cutting and fabrication to produce finished bagg p g
– Based on bag complexity

• Travel
– Truck E x Distance x Share of bag in load

• Disposal 
T R li R B i R– Transport – Recycling Recovery – Burning Recovery
(if any)



Energy Requirements (kJ/bag)Energy Requirements (kJ/bag)



Emissions ContributionsEmissions Contributions

• ‘Grid’ Emissions Figures
– Embedded and Manufacturingg

• Travel
T k E i i– Truck Emissions

• Disposal p
– Transport + Burning (if any)



Emissions (g/bag)Emissions (g/bag)



The Break DownThe Break Down



SummarySummary

F Si l U• For Single Use
– Plastic – Lowest E

• Low Mass→ Low Embedded Energy Content• Low Mass → Low Embedded Energy Content
– Paper – Lowest CO2

• At only 2 uses Cotton bags are competitiveAt only 2 uses Cotton bags are competitive
– PET a near 2nd – Nylon 3rd

• Recycling saves E and CORecycling saves E and CO2
– Large Impact

• Burning saves E at expense of COBurning saves E at expense of CO2
– Lesser Impact


