Homework - Chapter 13
[image: image1.jpg]1. (From Allen, et al., 1992.) At the supermarket checkstand, customers are asked to choose
whether their purchases should be placed in unbleached paper grocery sacks or in poly-
ethylene grocery sacks. Some consumers make their choice based on the perception of the
relative environmental impacts of these two products. This problem will quantitatively ex-
amine life-cycle inventory data on the energy use and air emissions for these two products.

Life-cycle inventories for paper and polyethylene grocery sacks have resulted

in the data given below, and these data will be used in comparing the two products.
Assume that the functional unit to be used in this comparison is a defined volume of
groceries to be transported, and that based on this functional unit, 2 plastic sacks are
equivalent to one paper sack.

Air Emissions and Energy Requirements for Paper and Polyethylene Grocery Sacks
(Allen, et al., 1992).

Paper Plastic

Paper Plastic sack air sack air

sack air sack air energy energy

emissions  emissions req’d req’d
Life-cycle Stages (oz/sack)  (oz/sack)  (Btu/sack) (Btu/sack)
Materials manufacture plus product 0.0516 0.0146 905 464
manufacture plus product use

Raw materials acquisition plus 0.0510 0.0045 724 185

product disposal

Note: These data are based on past practices and may not be current.

a)

b)

)

d)

Using the data in the table, determine the amount of energy required and the
quantity of air pollutants released per plastic sack. Also determine the amount of
energy required and the quantity of air pollutants released for the quantity of
paper sacks capable of carrying the same volume of groceries as the plastic sack.
Both the air emissions and the energy requirements are functions of the recycle
rate, so perform your calculations at three recycle rates: 0%, 50% and 100% re-
cycled. Note that a 50% recycle rate indicates that half of the sacks are disposed
of and the other half are recycled after the product use stage of their life cycle.
Plot the energy requirements calculated in part a as a function of the recycle rate
for both sacks. Do the same for the air emissions. Compare the energy require-
ments and air emissions of the sacks at different recycle rates.

Discuss the relative environmental impacts of the two products. Do the results
allow for a comprehensive comparison?

The material and energy requirements of the plastic sacks are primarily derived
from petroleum, a non-renewable resource. In contrast, the paper sacks rely on
petroleum to only a limited extent and only for generating a small fraction of the
manufacturing and transportation energy requirements. Compare the amount of
petroleum required for the manufacture of two polyethylene sacks to the amount of
energy necessary to provide 10% of the energy required in the manufacture of one
paper sack. Assume 0% recycle and that 1.2 Ib of petroleum is required to manufac-
ture 1 Ib of polyethylene. The higher heating value of petroleum is 20,000 BTU/Ib.




