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Chapter 1: SUMMARY

1.1 Objective
Packaging is the largest single product class in municipal solid

waste, accounting for an estimated 40 percent of all municipal solid
waste, and costing over $1 billion in 1970 for collection and disposal.
About two-thirds of the weight of packaging solid waste is consumer
products packaging.

This study provides an evaluation of the costs and effectiveness

- of two types of government policy instruments that may be used to
influence the quantity and composition of consumer products packaging .
and the use of recycled materials in consumer product package manufacture.
The policy instruments considered are a regulation requiring the use of
recycled materials in packaging and several types of taxes on packaging.
The analysis provides an initial basis for policy decisions reaarding
the desirability of these policy instruments as possible means for
reducing the generation of packaging wastes, increasing the use of
Fécyc]ed materials in packaging manufacture, and reducing the natural
résource utilization of packaging.
i.2' Methodology

~ Four government policy instruments were selected for analysis--one
regulatory and three fiscal (price) incentives. The selected policy
instruments were:

(a) A regulation requiring the use of recycled materials in all
consumer products package manufacture, by share of package
weight;

(b) A tax on the weight of consumer products packaging;

(c) A tax on the weight of consumer products packaging with an
exemption for recycled materials (i.e., a tax on the weight
of virgin materials in a package); and

(d) A tax on all rigid containers used to package consumer products.

A1l selected policy instruments have the effect of changing the cost and
hence the use of packaging materials; however, the impacts vary depending
on the packaging material and consumer product application.

The impact of any policy instrument on the cost of packaging materials

is calculated either directly--if the instrument is a tax on packaging



weight or containers--or indirectly when the resource costs of packaging
are affected. In the first case, 1670 data on the weight of packaging

and cost per unit of weight or per container for each of nine packaging
materials in each of 30 consumer products was used to develop revised
estimates of packaging cost after application of the tax. Data on the
virgin material content and costs of each packaging material were used

to estimate the impact on the cost of packaging when the policy instrument
altered the resource costs of packaging.

Estimates of the demand and supply of recycled materials from postcon-
sumer waste for each material were based, respectively, on the cost of
virgin materials inputs to each packaging material and on the cost of
operation of recycling facilities of varying capacfties. It was assumed
that properly sorted and graded recycled materials would be perfect sub-
stitutes for virgin materials up to a technological limit depending on
the package material. This procedure provides only a first approximation
of this market since complete data on the economics of recovery, transpor-
tation, and reuse of recyclable materials are not ayai]ab]e.

Induced changes in the utilization of packaging by material and consumer
product due to higher packaging costs were estimated from statistical analy-
ses of the responsiveness (elasticity of substitution) of the use ofzpackaging'
by material type in each of the 30 consumer product applications to changes
in the relative cost of the materials.

Changes in the quantity demanded of each consumer product were based
on estimates of the share of product price accounted for by packaging,
estimates of the increases in price due to application of the policy
instrument, and estimates of the elasticity of demand for each consumer
product.

The analysis as described above is incorporated in a programmed model
which uses 1970 values as a base. The model, after estimating changes in
the utilization of packaging and in the demand for each consumer product,
provides an estimate of the cost and effectiveness of each policy instrument.

The primary measure of the cost of a policy instrument is based on the
increase in consumer product price caused by a policy instrument. The
measure employed is "losses in consumer surplus" which may be interpreted
as the maximum amount of money that consumers would offer in 6rder not to
have an increase in consumer products prices. For an example, suppose



one impact of a 1-cent-per-pound tax on packaging was a 1.2-percent
increase in the price of canned goods., Suppose further that consumers
would be willing to pay up to $73 million annually to avoid the price
increase., The $73 million is then taken to represent the cost of the
tax to consumers of canned foods., This cost is developed from estimates
of the price impact and elasticity of demand for each of the 30 consumer
products, using 1970 expenditures before the application of the policy
instrument as the baseline. \

~ With currently available data, there is no completely satisfactory
way to measure the dollar value of the benefits to society of changes
in the quantity and composition of packaging or of the use of recycled
materials in package manufacture. The measures used in this study are,
therefore, labeled as measures of effectiveness. Primary emphasis is on
physical quantities.

The measures of effectiveness employed were:

(a) Reductions in consumer product packaging solid waste generation,

(b) Increases in the consumption of postconsumer waste materials in

consumeyr product package manufacture,

(c) Reductions in the primary raw materials and energy used in con-

~ sumer product package manufacture.

These reductions, measured in physical units* (ref. 1), were divided
into the estimate of cost to provide a relative measure across policy
instruments of the cost-effectiveness of each instrument.

1.3 Findings

A summary of the estimated effectiveness and costs of the four policy
inctruments at alternative rates is shown in table 1. Within a policy
instrument, effectiveness is directly related to the rate, higher rates
yielding higher values for effectiveness.

*A11 units of weight presented in this study, uniess specifically identi-
fied otherwise, are in metric measures. Defined as the Systeéme International
d' Unites (SI), the basic unit of mass (weight) is the kilogram (ref. 1). Al
other units of weight are officially decribed as multiples or fractions of a
kilogram.

Factors for converting from me;ric to currently conventional U.S. measures
of weight are shown below:

To convert from: to: Multiply by:
tonne ton (short, 2,000 pounds) ] i%?

kilogram pound 2:20§3
kilogram tonne 1(10°7)

"Tonne" is used to distinguish the metric "ton" (1,000 kg) from
. the English ton (2,000 pounds).



Table 1. Summary of the effectiveness and costs of regulatory and
fiscal policy instruments for control of product packaging

Recycling regulation
(percentage recycled materials as
a share of packaging weight)

Tax rate
(dollars per tonne of packaging)

$10 $22 $§50 $100

10 20 30
Effectiveness
Reductions in solid waste gengration
{thousand tonnes) 87 173 259 201 441 988 1,930
Increases in the consumption of
postconsumer waste materials
(thousand tonnes) 2,774 5,529 8,272 0 0 0 0
Reductions in raw materials consumption
(thousand tonnes) 4,191 8,352 12,486 273 597 1,348 2,627
Reductions in energy utilization
(equivalent million k4h) 247 494 740 529 1,157 2,596 5,078
Cost (million dollars)
Losses in consumer surplus $216 3431 $645 $274  $598 $1,338 $2,599
Tax payments (million dollars) 0 0 0 $273  $597 $1,337 $2,582
Tax on packaging
with exemption for ;
recycled materials Tax rate (cents per container)
{dollars per tonne) 0.5 1.0 1.5 2.0
$10 $22 $50 $100
Effectiveness

Reductions in solid waste generation
(thousand tonnes) 198 395 783 1,402 1,549 2,317 2,766 3,183

Increases in the consumption of
postconsumer waste materials

(thousand tonnes) 3,894 5,911 8,742 9,703 0 0 0 0
Reductions in raw materials consumption
{thousand tonnes) 4,880 7,§60 12,688 15,744 1,950 3,019 3,719 4,413
Reductions in energy utilization )
(equivalent million kWh) 518 1,031 2,050 3,675 3,897 5.956‘ 7,287 8,530
Cost (million dollars)
Losses in consumer surplus $268  $531 $1,062 $1,906 $1,652 $3,160 $4,685 $6,200
Tax payments (million dollars) . %237 8472 $913 $1,670 $1,651 $3.138 $4,622 $6,073

(Source: Research Triangle Institute.)



Comparing across policy.instruments, the tax on containers--being
of a significant magnitude and affecting heavy, resource intensive
packaging--induces the largest reductions in solid waste generation and
energy utilization of the policy instruments examined. The regulation
requiring the use of recycled materials in packaging manufacture and the
tax on packaging with an exemption dictate, in the first case and induce
in the second, substantial increases in the consumption of postconsumer
waste* and reductions in raw materials consumption. The tax on packaging
has about the same effectiveness in reducing solid waste generation and
energy utilization as the tax on packaging with an exemption for recycled
material. But the tax without an exemption is substantially less effective
jn reducing raw materials consumption and ineffective in increasing the
consumption of postconsumer waste material.

Ideally, the evaluation of each policy instrument would involve the
estimation of the dollar value of the benefits and costs to society of
alterations in the composition or amount of packaging. However, since
there are not currently satisfactory dollar measures of the value to
society of the effectiveness of each policy instrument, such an ideal
comparison of costs and benefits is not possible. However, some insight
regarding the relative cost and effectiveness of each policy instrument
can be gained by dividing the cost by each value of effectiveness. This
has been Hone in table 2 using one average value for each policy instrument
since the values are not very sensitive to the various rates.

Reductions in solid waste generation and energy utilization are
achieved at the Tow cost per tonne and per thousand kiTowatt hour with
taxes. Increases in the consumption of postconsumer waste materials and
reductions in raw materials consumption are achieved at the Towest cost
per tonne for the regulation requiring the use of recycled materials in
packaging manufacture and for the tax on packaging with an exemption for
recycled materials. Overall, the tax with an exemption for recycled
materials provides moré effectiveness at lower cost than any of the other
three policy instruments,

Since tax payments increase the cost of packaging manufacture and
are assumed to be passed along to consumers of the final product, they

*The terms "postconsumer waste" or "municipal waste" are used synony-
mously to distinguish this waste from that generated in production, which
is already frequently recycled.



Table 2. Summary of the costs per unit of effectiveness
(1osses in consumer surplus per unit of effectiveness*)

, Tax on
Regulgt3on packaging
. : requiring  +.x on with an Tax on
Measure of effectiveness the Vel Sf packaging exemption  containers
recycled for recycled
materials materials

Reductions in solid waste generation
(dc1lars per tonne) $2,485 $1,355 $1,345 $1,365

Increases in the consumption of
postconsumer waste materials

(do1lars per tonne). 80 - 90 -
Reductlons in raw materials consumptfon

(dollars per tonne) 4 50 1,000 70 1,050
Reductions in energy utilization _ ‘

(doYiars per thousand kWh) . 875 . 515 515 530

*Approximate values, not additive.

contribute to the increases in the price of the packaged consumer product.
As discussed in section 1.2 above, the price increases are used to calcu--
late the losses in consumer surplus. For consumers of packaged products,
these losses in consumer surplus represent the costs of the policy
instrument. From the perspective of the entire society, however, tax pay-
ments do not represent losses to society but are redistributions of income
from consumers of the affected products to government. The so-called dead-
weight cost to society of a tax is the difference between the losses in
consumer surplus and the total -tax payments. Using this measure of cost,
téxes become an even more attractive means of controlling packaging than
direct regulation.

These results are not surprising since taxes can in theory provide
improvements in environmental quality at minimum cost to society because
they permit adjustments by individuals through the operation of the market.
The case for regulation over taxation usually rests on the predictability
and swiftness with which regulations can proddce results.

Throughout this discussion, informational and enforcement costs have
been ignored. These costs, if known, should be added to the costs of a
policy instrument. However, the required information is not available at
this time. It is likely, however, that the informational costs of a tax



on packaging or containers would be the lowest of the four policy instruments.
Both a regulation to use recycled materials and a tax on packaging, with an

\ exemption for recycled materials, are 1ikely to have higher informational

and enforcement costs. Of the two policy instruments, the regulation is

likely to have the higher costs due to the typically higher enforcement
costs of regulation.
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| Chapter 2:” Introduction

2.1 Background _
In 1971, an estimated 113 miilion tonnes of municipal solid waste,

were generated, or about 1.51 kilograms daily per capita.* The costs.

of solid waste collection and disposal vary from city to city, depending
on such factors as the quality and frequency of the collection service

and the mode and quality of disposal. On a national average, however,
unit costs of solid waste management are estimated to be $19.80 per tonne
for collection and $4.40 per tonne for disposal. Using these values, and
assuming that 95 percent of the estimated generation of solid waste were
collected, the total cost for collection and disposal of the 113 million
tonnes (table 3) of municipal solid waste in 1971 was about $2.6 billion*.

A complete accounting of the costs to society of solid waste generation,
collection, and disposal, would not, however, be limited to those monetary
measures discussed above. Such a complete accounting would also include
the external or social costs which are not incorporated as a part of
product prices, and therefore not borne directly by consumers, but which
instead are borne by society as a whole and sometimes by future generations.
These social costs are found when solid waste is generated, collected,
and/or disposed of.

The generation of solid wastes is evidence of the consumption of
natural resources. Most resources are of a nonreplenishable nature (with
the notable exception of timber used to make paper packaging); hence, it
is conceivable that continued extraction of mineral resources at current
rates may preempt their use by all future generations. Under such
conditions, government intervention may be desirable in order to represent
the interests of future generations.
| The collection of solid wastes frequently results in increases in
noise levels and congestion caused by sanitation vehicles plus reductions
in the amenities dimension of the environment when refuse containers are
lined up at curbside for collection.

The disposal of solid wastes may result in increases in air, water,
or land pollution. For example, air pollution may be generated during

*From data developed by the Environmental Protection Agency.



_Tabfe'3. Municipal solid waste generatjon by material

(tonnes per year)

Material : ‘ : 1970%* 1971+

Paper ) 34.2 - 35.5
Glass i 0.6~ 11.0
Metals , ' (10.3)  (10.7)

Ferrous - : 9.3 . 9.6.

Aluminum 0.7 0.7

Other nonferrous S 0.3 0.4
Plastics 35 3.8
Rubber and leather . 2.9 . 3.0
Textiles 1.6 1.6
Wood o ' | 4.0 4.2
Food wastes o , 19.3 20.0
Product totals ' - (86.4) (89.8)
Yard wastes . ' - 211 21.9
Misc. ihorganics | | 1.6 1.6

Total waste ~ 10941 113.3

*Assumes 3.5 percent annual growth during 1970 71.
rEnv1ronmenta1 Protection Agency.

Table 4. _Packaging s0lid wastes
(million tonnes)

- Average
: : ‘ annual
1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 growth
' . rate
{percent)

Consumer
products
packaging
Shipping*
packaging
Total
packaging

16.6 17.8 17.9 18.7 19.6 19.8 20.9 21.8 23.2 24.3 25.3 26.9 27.8  4.39
10.1 11.4.11.0 11.3* 11,7 2.3 12.8 13.5 14.3 14.3 15.1 15.9 15.8  3.80

26.7 29.2 28.9 30.0 31.3 3z2.1 33.7 35.3 37.5 38.6 40.4 42.8 43.6 4.17

*Based on recyc11nq of corrugated boxes at 26 percent annua] production; est1mated by Midwest
Research Institute, in Salvage Markets for Materials in Solid Waste. Prepared for the U.S. Envi-
ronmental Protection Agency. Washington, U.S. Government Printing Office, 1972.

Source:

Compiled by Research Triangle Institute.



refuse incineration. Water pollution may result if leaching occurs

in landfills or if wastes are dumped into the oceans. Land pollution
may result from the use of estuarine land, marshland,* or other land |
for waste disposal, from the optic and olfactory offenses associated
with disposal sites, or from the littering of wastes over the country-
side.

Discarded packaging is an important component of the waste stream
because of its large proportion of the total solid wastes generated and
because the rackaging industry consumes large proportions of several
materials. The packaging wastes from industrial, commercial, and resi-
dential sources were an estimated 43.6 million tonnes in 1970 (table 4)
which represented about 40 percent of all municipal solid waste generated.
Using the average collection and disposal cost estimates presented above,
1970 solid waste managemeht costs for all packaging totaled $1.1 billion.

Consumer products packaging discarded to solid waste--the primary
focus of this study--represents about 64 percent of all packaging wastes.
In 1970, consumer products packaging waste amounted to an estimated
27.8 million tonnes and cost $673 million for collection and disposal.

On a per capita basis, the amount of consumer products packaging entering
solid waste was an estimated 131 kilograms annually, or 0.36 kilograms
daily. _ o ,
Discarded consumer products packaging contributes to the social
costs incurred by solid waste generation, éo]]ection, and disposal.

For example, the resource utiljzation (and loss) associated with 1970
consumer products packaging is depicted in table 5.

Since 1958, the weight of consumer products packaging has increased
at an average annual rate of 4.39 percent. Continuation of this trend
implies a doubling in packaging every 17 years and an increasing burden
- on the Nation's natural resources and solid waste systems. Current
systems of production, distribution, and consumpticn encourage sustained
growth in packaging. _

Historically, packaging's primary and,.freguently, only function
was to provide protection for products on their way to the marketplace

*Estuarine lands and marshlands frequently have a low value in private
markets and, therefore, are particularly attractive from a financial view-
point as disposal sites. Their value to society, however, may be understated
by their market price due to the "public good" nature of their services.
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Table 5. Natural resource consumption for consumer product packaging, 1970
(thousand tonnes) '

Packaging materfa] Natural resource inputs
Paper Raw materials
Wood pulp 6,406
Chlorine 125
Caustic 144
Soda ash ' 77
Sodium sulfate 317
Lime 154
Energy (equivalent million kWh) 23,497
Plastics Raw materials
NLG feed stocks 1,766
Field condensates 104
Refinery feed stocks 1,082
Energy (equivalent million kih) 1,942
Glass Raw materials
Glass sand 6,802
Limestone 2,224
Soda ash 2,214
Feldspar 775
Prepared saltcake 10
Energy (equivalent million kWh) 26,334
Steel Raw materials
Iron ore and agglomerates 5,905
Coke 2,372
Fluxes 1,360
Mi1l cinder and scale 168
Energy (equivalent million kih) 19,374
Aluminum Raw materials
Bauxite 2,266
Lime makeup 62
Soda ash makeup 250
Petroleum coke 264
Pitch 85
Cryolite 22
Aluminum trifloride 13
Energy (equivalent million kYh) 8,859
Summary totals
Weight of raw materials (thousand tonnes) 40,685
Amount of energy (equivalent million kuh) 80,005

Source: Developed by Research Triangle Institute from input-materials
ratios presented elsewhere in this study.
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and from there to the consumers' homes. In today's industrial society
which utilizes extensive specialization and mass distribution of products,
packaging--especially consumer products packaging--is also a marketing
tool. One observer has stated the situation this way: "Affluence tends
to create needs for packaging beyond the direct requirements of product
perfection and distribution--a major factor in the steady per capita
increase in the consumption of many packaging materials. These needs’
are frequently related to brand competition. Whether the consumer public
really, in fact, needs the extra packaging is irrelevant. The fact
remains that extra packaging often helps to move goods, and that is
certainly one of packaging's most legitimate functions" (ref. 1). The
result has been an absolute increase in the quantity of total packaging
and an increase in the relative use of packaging (measured on a weight
basis) for most consumer products.

This study examines several policies designed to reduce the solid
waste management burdens posed by the growth of consumer products
packaging.

As a subset of municipal solid wastes, packaging wastes may be a
reasonable classification for development of specific solid waste policies.
This is due not only to their significant proportion of solid wastes
but also because they represent a category for which a policy may have
predictable solid waste effects. Intrapackaging substitutions appear
significantly more extensive than substitution between packaging and
other elements in an industry's production function; therefore, a
specific policy on packaging would not be expected to increase the
generation of nonpackaging wastes. Such a policy, however, should not
preclude other efforts to deal with the solid waste problem in general
or with other specific subsets. '

2.2 Rationale for Packaging Control

Under the assumptions of perfect compefition, prices established
in free markets convey all the information necessary to producers and
consumers such that resources are allocated in a manner so as to

maximize economic welfare.

This assumption is not warranted, however, if the costs that
producers face for packaging (private costs) understate the value
of packaging to society (social cost). In such a case, packaged products

12



are underpriced and, assuming that demand varies inversely with price,
more packaged products are produced than is socially optimal. Differences
between the marginal social cost and the marginal private cost of pack-
aging may exist because of the nonmarket costs that society must bear
today and perhaps in the future. These costs may arise in the production,
distribution, and/or disposal of packaging.

For example, the private costs of packaging do not reflect the
costs imposed on society in the collection and disposal of solid waste.
Furthermore, the long-run value to society of the natural resources used
to make packaging may not be fully registered in the private costs of
these resources either because of ignorance of the effects of current
consumption rates or because the demand of future generations is not
fully manifested in today's markets. Vhen a divergence exists between
private and social costs, government intervention may be justifiable
when it is unlikely that private negotiation between the parties that
impose the costs and those that bear them will internalize all social
costs, and when the transactions (administrative and enforcement costs)
of the intervention are not so large that the status quo implies Tower costs.

Government intervention may take several forms. However, two policy
instruments, regulation and taxation, are most commonly proposed. For
example, assume in figure T(A} that the demand for packaging (derived
from the demand for packaged consumer goods) is D and the supply of
packaging (representing only the private costs of production) is S. The
~market price is PO and the production of packaging per unit of time is
QO. Now assume that tne differcnce batween tne private and social
costs of packaging is a constant amcunt (C) per unit of product at all

S+t

|
(8 (C)

Figure 1. Hypothetical packaging market.
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levels of production. Incorporation of these costs into the cost of
packaging would cause a reduction in quantity demanded from QO to Ql'
At this point, the price that producers are willing to pay for pack-
aging would equate the marginal social benefit function (D) with the
marginal social cost function (S+C).

Reductions in the production of packaging per unit of time from
Q0 to the socially optimum level Qy can be achieved by either regulation
or taxation. Government could, for example, set a 1imit on packaging
production at C, (fig. 1(B)). The supply function would become
perfectly inelastic at this point (S'). Producers would raise prices
to Py in order to ration production. Alternatively, government could
impose a tax of rate t equal to C, shifting the supply curve to S+t
in figure 1(C), relying on the market adjustment to reduce production
to Q].

Action on environmental problems, however, need not await and has
not always awaited accurate estimaztes of social costs. In practice,
such estimates are very difficuit to develop. It may be reasonable
to establish interim standards for environmental quality and to select
a policy instrument that will achieve the standard at minimum cost
to society.

2.3 Objectives of a Packaging Policy

In terms of the scope of this study, two general approaches exist
for reducing the environmental problems associated with the generation,
collection, and disposal of packaging solid waste. These approaches,
which can be pursued separately or in concert, are (1) source reduction

and (2) resource recovery.

Source reduction is designed to reduce the consumption of packaging
materials generated per unit of time. This objective may be achieved by
.reducing the amount of packaging per dollar of consumer expenditures,
by altering the distribution of consumer expenditures toward goods and
services with less packaging, by directly reusing packaging (e.g., re-
fillable bottles), or by reducing the absolute Tevel of consumer ex-
penditures. Figure 2 shows the packaging solid waste and consumer
expenditure coordinates for consumer products for which packaging
estimates have been prepared.

Resource recovery is the utilization of materials, energy, and

14
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Figure 2. Packaging and expenditure
for consumer products, 1970.
(Source: Research Triangle Institute.)

products in solid wastes in the manufacture of packaging. It can include
such options as the reuse of waste materials in package fabrication
(e.g., cullet to make new glass bottles), or the use of packaging wastes
in some nonpackaging application (e.g., waste plastics combustion for
energy production).
2.4 Government Options for Meeting Objectives

Two broad classes of government legislative options exist for
promoting scurce reduction of packaging, or for promoting the reuse of
packaging or use of recycled materials in product packaging: (1) the
imposition of regu]ations‘on the amounts or types of product packaging
and (2) the establishment of fiscal (price) incentives on packaging
materials or finished packages.

Regulations inciude the use of bans and standards on product pack-
aging. Regulations may be an attractive option for meeting the objectives
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of a packaging policy because of the generally high predictability of
their immediate impacts and because of the directness with which they
attack a problem. The desirability of regulations generally must be
evaluated in terms of the nature of the damages to be controlled, the
ability to properly define the regulations, the equity of the regulation
vis-a-vis other products which may produce comparable damage, the
administrative costs, and enforceability (ref. 2).
Fiscal incentives include the use of taxes, credits, and subsidies
to provide an economic motive for industry or consumers to behave in a
desired manner. Fiscal incentives are attractive because of their broad
nature and because they leave the market free to allocate resources within
a new set of economic conditions. Fiscal incentives pose problems in
determining the level of incentive and in predicting the magnitude and
.timing of their impacts.
Four possible government strategies were selected (ch. 4) as
having potential for reducing the environmental problems caused by
packaging. These are:
1. A regulation requiring the use of recycled materials in package
manufacture by share of package weight;
A tax on packaging weight;
3. A tax on packaging weight with an exemption for recycled
materials;
4. A tax on containers.
An analysis of each is presented in chapter 5.
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Chapter 3: THE MATERIALS STRUCTURE OF CONSUMER PRODUCTS PACKAGING

3.1 Introduction
In order to evaluate alternative government strategies for promoting

packaging source reduction or resource recovery, data and information
describing the materials structure of packaging have been gathered and

are presented in this chapter. Subsequent chapters provide an examination
of the sensitivity of this structure to exogenous shifts in the relative
prices of packaging materials and incorporate the evidence into a model
designed to evaluate selected alternative government strategies.

3.2 Structure of Packaging

The “structure of packaging" is a complete accounting of the amounts
of the various packaging materials used to package a consumer product. It
identifies the proportions in which packaging materials are combined as
inputs in the production of packaged products. In this analysis the usage
of nine materials (table 6) in packaging 30 consumer products (table 7) was
studied. Selection of the materials categories was based on homogeneity
with respect to physical properties and packaaging applications. The consumer
product categories were defined to include products with similar packaging
considerations. Data availability also dictated some of the material and
product definitions. (See appendix A for a complete discussion of the data
collection.) = -~

The basic form of presentation of the structure of packaging is a
9 x 30 matrix detailing the amounts of the nine materials used in each of
the 30 consumer products. Table 8 presents the data for 1970 measured in
thousands of tonnes of material. Across each rovi, one reads the amounts
of a given material utilized to package each consumer product. Reading
down each column, one finds the amounts of each of the nine materials used
to package a given consumer product. For example, column 1 shows that, in
1970, 207 thousand tonnes of flexible paper, 101 thousand tonnes of flexible
plastics, and so forth, were used to package Baked Goods. The last row
in the matrix is the total amount of consumer expenditures on each product
in 1970 measured in millions of 1967 dollars.

Dividing each element in a column by the constant dollar expenditure,
one obtains a set of coefficiepts that shows the use of each packaging material
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Tab]e 6. Pdckaging materials
(SIC number in parentheses)

Flexible paper and paper closures
Waxed and oiled paper (26412)
Laminated paper (26415)

Bag paper (26431)
Glassine (2643)
Paper closures (26451/81)

Flexible plastics and plastic closures
Cellophane (2821)
Polyethylene (2821)
Polypropylene (2821)
Plastic sheet (2821)
Polystyrene and other thermoformed (2821)
Plastic closures (30794/71)

Metal closures
Metal caps (34616)
Metal crowns (34617)

Flexible aluminum
Aluminum foil--flexible (3352)

Rigid paper
Folding boxes (2651)
Setup boxes (2652)
Sanitary food board (2654)
Fibre cans, tubes (2655)

Rigid plastics
Plastic bottles (3079)
Plastic cups, jars, tubes, boxes, baskets (3079)

Glass
Jars (3221)
Refillable bottles (3221)
Nonrefillable bottles (3221)

Steel
Cans (3411)
Aerosol cans (3411)

Rigid aluminum
Aluminum plates (3352)
Cans (3411)
Collapsible tubes (3496)
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Table 7. Consumer product categories . -

A. Food and kindred products
Perishables--

1.

Baked Goods

bread and rolls; crackers and cookies; sweet goods

ice cream; frozen desserts and baked goods; meat, fish,
poultry; prepared foods; vegetables, fruits, juices,

canned vegetables; canned meat, fish, and poultry; canned
- fruits and vegetables; canned soups; canned baby foods,

2. Dairy Products
cheese; eggs; milk; butter
3. Frozen Foods
drinks
4. Fresh and Cured Meat
5. Fresh and Cured Fish and Seafood
6. Fresh and Cured Poultry
7. Produce
Beverages --
8. Distilled Spirits
9. Wine
10. Beer
11. Soft Drinks
12. Prepared Beverages
cocoa; coffee; tea; breakfast drinks
Nonperishables and kindred products--
13. Candy and Chewing Gum
14. Canned Foods
canned juices and fruit drinks; canned milk
15. Cereals, Flour, and Macaroni
. 16. Pet Foods :
. 17. Tobacco Products
18.

Other Foods -

B. feneral merchandise
Household supplies--

19.
20.

21.
.22,
Health

23.
24.
25.
26.
27.
. 28.
29.

‘Soaps and Detergents
Nther Cleaning Supplies

dry cleaners; laundry supplies;

other cleaners and cleansers
Pesticides -
Other Household Supplies
and beauty aids--
Packaged Medications
Oral Hygiene Products
Cosmetics and Hand Products
Hair Products
Shaving Products
Other Beauty Aids
Other Health Aids

Other general merchandise--

30.

Other General HMerchandise

waxes and polishes;
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y consumer product, 1970.
(thousand tonnes)

Fresh and
Baked Dalry Frozen Fresh and Cured Fish Fresh and
Gm‘xh Pnguctl fm;dl Cund‘nut and S:uood Cured :oullr,
Flexible paper and paper closures 206,97 3t 126,20 318,40 13,30 19,02
fleaible plastics and plastic closures 100,58 40,82 30,72 54,18 1.2 1.7
Metal closures $.17 .02 3. 00 18,13 0.3 2,00
Flexidle &luntnum 1.¢8 $,00 3,92 .42 0.02 é.08
Rigid paper 390,91 718,09 235,08 839,01 LT 115,21
Rigid plastics T 0400 22,08 0,00 6,00 0.00 0.00
Glass 0.00 16,61 0,00 0.00 0,00 0,00
Steel 2,12 H I 1,63 0,00 0,00 0,00
Rigid aluminum 28,3 0,00 18,88 0,00 0.0 0,00
Total (packaqing materials) 78Q.2) 1183,%? 495,90 1408,00 30,03 20&,07
Personal consusption expenditures 8841,14 12081,9? $524,00 {22006,98 328,02 3396,68
{m$)1ion 1967 dollars)
. Distilled Soft Prepared
Produce Spirits Nine Beer Orinks Baverages
? 8 9 10 n, 4
flexible paper and paper closures 256,19 149,78 .00 8,00 35,45 32,02
Flexible plastics and plastic closures 88,12 0,00 0,00 0,0 0,00 0,00
Metal closures 0,00 0,00 8.00 169,14 00,19 1.81
Flexible aluninum 0.00 0,00 .00 .84 0,00 1,712
Rigid paper . 389,02 189,60 0.00 138,00 8,00 10%.33
Rigid plastics 0.00 0,00 ¢.00 0,80 0,00 s.22
6lass .00 (11784 284,93 117,91 3239,3% 8at,60
Steel 0.00 0,00 9,00 824,3) 708,93 140,18
Rigid aluminum .00 0,00 . 0400 109,88 95,30 . 0,08
Total (packaging materials) 701,55 796,13 264,93 3024,09 187,92 1161,7s
Personal consurption expenditures 10267, 4t 1060,9% 1200,77 0219,10 3148,70 2r62.72
(n1111on 1967 dollars)
Cereals,
Candy and Canned Flour, and Pet Tobacco
Chewing Gum Foods Macaroni foods Products
13 4 15 16 17
Flexible paper and paper closures 19,20 0,00 .27 9,%3 93,80
Flexible plastics and plastic closures 63 91 0,00 to.7¢ 0,00 N‘ﬂ
Hetal closures 0.00 3.72 0,00 4,26 8.00
Flexible aluminum 6,40 0.00 0,00 3,63 7.09
Rigld paper 117,18 112,13 9.09 0.00 116,12
Rigid plastics 0,80 .00 0,00 0.00 6.00
Glass 0.00 913,18 0.00 0,00 0,00
Steel 0,00 2209.7¢8 0,00 257,87 8,00
Rigid alumtnum 6,00 59,15 0.00 .14 6,06
Total (packaging materials) 287,31 3137,91 104,06 274,80 246,12
Personal consumption expenditures 2030.16 8147,80 W10 1634,0¢ 4093,9
(et111on 1967 dolhrsg .
Other Other
Soaps and Cleaning Household Packaged
Datergents Supplies Posticides Supplies Medications
19 20 Hl 22 23
Flexibla paper snd paper closures 39,07 13,02 9,80 19.88 33,97
Flexible plastics and plastic closures 0.00 9,60 0.80 0,00 9,008
Metal closures 8.00 a,t? Q.08 S.27 [ 1% 3]
Flexidle aluninum 1.0t 0,00 0,00 0,00 0,94
Rigid paper 963,38 19,88 0,80 133,00 0.00
Rigid plasties $3.12 23,0% 0,60 3.1 §.01
Glass 0,00 9.87 S.41 2%.97 222,01
Steel 0.00 7,83 10,29 33,02 1,38
Rigid aluminum 0400 0,00 0,080 0,00 4,39
Total (packaging materials) $7C,.7e 98,28 16,00 230,50 273,98
Personal consumption expenditures 16%0,72 940,24 149,91 20%4,32 1603,28
(ni1110n 1967 dollars)
Cosmetics and Hair Shaving Other Other mt
Mand Products Products Products Beauty Alds Health Alds Herchandise
25 26 27 28 29 - 30
Flexible paper and paner closures 21.9¢ 2.7 12,97 10,30 72,87 1060,10
Flexible plastics and plastic closures 0.00 0,00 0,00 0,00 €,00 388,70
Retal closures 8.1 S.7 1,58 2.0 te,06 19,49
Flexible aluminum 0.0 0.00 8,00 0,91 1,27 13,97
Riaid paper 0,00 9.00 9.60 tos. a2 211,10 1302,19
Rigid plastics 18, 22,88 11,02 ¢, 07 10,43 278,81
Glass 133,14 108,02 8a, 61 63,74 arg,a0 109,93
Steel 0.80 83,72 1,0 12,49 1.01 176,91
Rigld atuminum 1.81 0,00 0.18 0,00 0400 11,99
Tota) (packaging materiels) 180,99 208,34 122,34 370,01 740,92 301
Personal consumption erpenditures 960,08 1210,18 623,120 are,o08 3100,01 191036,60
{ai1110n 1967 dollers)
\(171]
(consumer
products)
N
Flexible paper and paper closures Jag,
Flexible plastics and plastic closures 809,24
Metal closures 316,00
Flexidle aluminum ALY
Rigid paper 2,02
Pigid plastics 410,32
Glass 10202,84
Steel 871,00
Rigid aluminum 201,02
Total (packaging materials) 271%6,11
317011,00



per unit of eXpénditdre on a particular commodity. A column of coefficients
details the material inputs used for packaging a spécific product. The set

of coefficient columns for all consumer prodUcts then provides a comprehensive
structural description of consumer products packaging for a particular.year."
Table 9 presents the coefficients for 1970 measured in kilograms of material
used per $100 of expenditure.

The last form used to identify the structure of packaging compares the
relative importance of each material in packaging a consumer product. The
data in table 10 measure the relative usage of each material in packaging
the 30 products in 1970. The observations were derived by dividing the
quantity of each material by the total quantity of packaging materials used
in a given consumer product.

The three structural matrices described above were measured in physical
units (weight). A corresponding set of value matrices was also developed.

To make the comparisons of the value structure between years meaningful, it
was necessary to deflate the dollars to a common price basis. Separate price
indices were used for each of the materials to adjust all dollar measures to
1967 prices. Table 11 presents the absolute dollar value of the packaging
inputs in 1970, The set of coefficients measuring the cost of packaging

per dollar of expenditure on the consumer good are found in table 12;

these coefficients represent packaging's contribution to product price.
Expenditure on a given material relative to the total cost of packagihg a
product is provided in table 13.

The data core for this study was a set of six structuré1 matrices for
each year during the 1958-70 period. The following section summarizes some
of the broad trends in the structure from a materials orientation. In
appendix B, the information is presented from the perspective of the packaged
product. '

3.3 Trends in the Structure of Packaging

Projections of the 1980 total amount of consumer products packaging and
the materials component have been developed to provide an initial estimate
of the implications of the continuation of current trends. The approach
employed and the projections developed are discussed below.

3.3.1 Methodology

Préjecting the quantity of consumer packaging entering the solid waste
stream in 1980 involved an analysis of trends in packagirg requirements and
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Table 9. Packaging consumption per expenditure by consumer product, 1970
(kilograms per $100 of expendi ture)
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Flexible paper and paper closures

Flaxible plastics and plastic closures

Metal closures

Flexibla alwinm

Rigid paper

Rigid plastics

Glasy

Stee!

Rigid aluninum

Total {packaging materials)

Persona) consumption expenditures
(=1111on 1967 dollars

Flexiblo paper and paper closures
Flexible plastics and plastic closures
Metal closures

Flexible aluminum

Rigid paper

-Rigid plastics

Glass

Steel

Rigid aluminmm

Total {packaging materials)

Personal consumption eapenditures
(e=111ton 1967 dolllrsg

Flexible paper and paper closures

Flexible plastics and plastic tlosures

Metal closures

Flexible 2luninum

Rigid paper

Rigid plastics

Glass

Steel

Rigid aluminum

Tota) (packaging materials)

Personal consumption espenditures
{million 1967 dollang

Flexible paper and paper closures
Flexidle plastics and plastic closures
Metal closures

Flexible aluminum

Rigid gaper

Rigid plastics

. Glass

Steel

Rigid aluminum

Total {packaging materfals)

Persanal consumption expenditures
(=41190n 1967 dolhrsr

flexible paper and paper closures

Flexible plastics and plastic closures

Meta) closures

Flexible aiuminum

figid paper

Rigid plastics

Glass

Steal

Rigld aluminum

Total (packaging materials)

Personal consumption expenditures
(o1 1110n 1967 dolhrsr

Flexible paper and paper closures

Flexible plastics and plastic closures

Metal closures

Flexible aluminum

Rigid paper

Rigid plastics

Glass

Stael

Rigld aluminua

Total (packeging materials)

Pearsonal consumption e-ruuum
{aillton 1967 dolliars

Source: Research Triangle Instituto.
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Baked Dairy Frozen
Eoods Prodx, ts Fogds
1
2,38 2,09 2.2%
1,14 0,32 0.70
0,00 0,00 0,08
0.09 0,04 [ N34
4,2 5,00 4,29 .
Q9,00 0,17 0,00
0,00 8.42 0,00
0.03 0.2 0,03
0,30 0,00 0,29
8,37 9,02 8,28
g0a1.10 12081,57 $520.00
Distilled
Producoy Spirits Hine
7 8 9
2,934 2,12 0,00
0.90 8,00 0,00
0,00 0,00 0,00
0,08 0,00 0,00
3,79 2,12 0,00
0,00 0,00 0,00
0,00 7.0Q .41
0.00 0.00 0.00
0,00 0.00 0,00
1.2} 11,28 2241
10267,41 040,99 1280,717
Cereals,
Candy and Canned Four, and
Chewing Gun Foods Hacaroni
13 " 15
2,19 0,00 2.09
2.23% .00 ‘0,48
0,00 0.t 0,00
0.2) 0.00 0,00
4,13 1.62 T 1,9¢
0,00 0,00 0,00
6,00 14,69 [ 213
0.00 36,%9 0,00
0,00 0,98 0.00
9,01 94,29 0,38
2040,1¢ 6167,80 217,063
Other
Sosps and Cleaning
Datargents Supplies Pasticides
19 20 B 41
2.14 1,63 0,00
0,00 0,00 0,00
0.00 0,34 ° 0,42
0.1 0,00 9.00
29,03 1.68 0.00
3.2 2,08 0,00
8,00 1,00 3,01
.00 2.9 o.048
0,00 0,00 0.00
34,q¢ 10,18 10,867
1688,72 988,2} 149,93
Cosmetics and Halr Shaving
Mand Products Products Products
[} 26 27
.02 2,20 .07
0.00 0,00 0,00
0.47" 0,a2 0.8t
.00 8.60 8,08
0,00 8,00 0.00
2,00 1.88 L.78
15.22 13,79 13,08
0,00 3,18 1,80
0.2 0,00 0,03
20.30 22,03 19,57
880,09 £210.78 [1: LN
Total)
(consumar
products)
n
1.07
27
.10
.04
1.94
19
.
;]
3
8.74
N7811.80

22

. Frash ond
frosh and Cured Fish
Cured Meat and s;afood
L)
2.52 2.9%0
0,23 0,23
8,08 0.07
0,00 0,00
3.40 3,69
0.00 0.00
0,00 0.00
0.00 8,60
0,00 0.0
6,52 6,56
‘22006.98 38,42
Soft
Beer Drinks
10 n
0,00 1.1}
0,00 0,00
2,09 1,28
9,04 0,00
2,20 2.7
8,00 0.00
1,36 102,68
13,16 22,91
2,1 3,03
Qe,18 133,00
021,18 31488,14
Pet Tobacco
Foods Products
16 17
0,02 1,03
9,00 Q.2¢
0.a1 0.00
0.3% 0,09
0,00 1,28
0,00 . 0,00
e,00 0,00
28,92 0,00
9.01 0.00
26,62 2.7
1031,09 9093,98
Othar
Household Packaged
Supplies Medications
22 [z
0,03 2.09
0,00 0,00
0,13 0,0l
0,00 0,03
$,02 0,00
.0,97 0.30
1,08 1},90
1,33 0,08
0.00 0.2?
9,5% 17.09
2a58,32 1603,20
Qther Other
Oesuty Alds Health Afds
28 29
2.2% . 230
0,00 0,00
0.44
8. 08
6,87
6.33
15.18
0,09
0,00
8.1
310,01

Fresh and
Cured :oul try

2.33
0,23
0,00
0,00
3,39
0,08
0,00
0,00
8.00

4,01
-3396,08

Prepared
Beverages
12

telb
0,00
8.07
0,00
3.84
8,19
30,07
5,36
g.00
4,33
2re2, 72

24
.17
0.00
0,02
0,00
0,00
0.31
18.22
0,09
1N
18,90 -
093,00

Other
Genera)
Merchandise

E]

9.4
0,19
0,81
0.0y
0,068
Q.18
9.08
0.62
0.0L .



Table 10. Relative packagihg consumptjoh by consumer product, 1970
(percentage shares)

. Fresh and i
Bﬁ::.;d Pl:h‘)‘i'ryt l’mx:n fresh and Cured flsh fresh and
] roducts Foods Cured Meat and Seafood  Cured foult
- o 1 2 3 4 5 Hasatd
) :’ exible paper and paper closures 21,9 22 .27 36,1 38.7¢ .1
Jexible plastics and plustic closures 13,99 3,47 3,19 PN 1] 3,00
3} Ketal closurvs 0.1¢ 0,87 0,98 1.0% 0.98
: l_lcx}ibla aluninum 1,08 . 9,08 6,08 0.08 ¢.0a
H :\u:“: p:per s2. 01 62,33 56,89 $6.3¢ 36,40
¢ G‘t:l“ plastics . :.:: :-:: :.M 0.0¢ :.00
. 1] 0.00 1]
8 sieel 0.31 Ly 0200 0.00 0. 00
ald aluminum 0,00
(mi Total (nackaging meteetals) 100.c0 106,00 160,00 100704 R 100100
{pce Pcz;?:::ozo?;:;ps|Y? r:genﬂltures a8al, 9 120081,57 $92a,80 22800,98 S23.42 3)906,08
DIRE 18
Distiled ' X
Proguee sw;m Wine Beer niﬁ:s ::::::::t
A 9
1} Flextdble paper and paper closures 34,5) 18,81 0.00 o‘.ooo 0"‘5 12'
2) Flexible plastics and plastic closures 12,93 0,00 ¢.00 0,00 9.0 S
3) Metal closures 0,00 0.0¢ 0,00 .59 e N
4} Flexidble atuminum 0.00 0,00 0.00 009 :' s M
s} Rigid paper s2.52 18,10 a.00 a7 -8 015
6) Rigid plastics . -0,00 08¢ 0.00 . e .22
7} Glass - 0,00 02,00 100,00 se’1 i 933
8) Steel 0.00 sr00 800 o 17,38 1232
9) Rigid aluninum : 6.00 0.2 . . : .
(IO‘ Tota) {pickaging matertals) 100,00 !00:02 lﬂ:-g: lﬂ:::g »o:'ig lo:':;
{PCE Pez;?r‘\::O:or‘\;:;u;‘\ﬁr‘:a:;genai[ums- 18287, 41 1000,9¢ 1288,17 a279,.46 )"u:" . 3102:12
Cereals,
c:x?zga?:n t;:;;d F:‘:ur. |;\d 'Pet. Tobacco Qther
urn s caron 0ods Products foods
13- 14 15 16 17 18
1) Flexible paper and paper closures 9 )
2) Flexible plastics and plestic closures g):ﬂ :::: :::;: :::z ::::: ;';:
3} Hetal closures 0.00 . N 0.00 1,55 0.9¢ 0.2
4) Flexible aluminum 2,49 0,00 0,00 1,32 !'“ .0:
. . . .
3 Motd parer aq.08 338 83,63 000 a8 13002
| b R O O N
N . - . . L] 6,8
s ::;j; sluminun . .00 Le1.20 8.00 .82 800 ;:;:
{10) Total (packaging matertals) ! . N : %8 M 9.3
(PCE) Personal consurption expenditures ;§2°'°° 100.00 100,89 190.20 138.0¢ 100,08
! (o1 111on 1967 dotlars) . 0.8 187,80 2217.83 1631,49 9093 ,9¢ 789,09
Other Oth
Soaps and Cleaning H it Oral
Deterqents s . Household Packaged Hygiene
‘ge Gpgéies P“‘;?'d‘5 SUPg;'El N!d(g;tluns Progucts
1) Flexible paper and paper closures . s.21 16,02 0,60 4
2} Flexible plastics and plastic closures 0.06 0:00 o:ae :';; ‘:':3 1.1
3} HMetal closures . ' 0,00 4,33 3,97 1.39 2,38 M
4} Flexible aluninun 0,32 8,60 0.00 0,60 0.20 HEH
5} Rigid paper 84,16 16,49 0.¢0 s6.7 . 0.2
§) Rigid plastics 9,31 23,8 BT ou1a IRt 8.08:
7) Glass , 0.00 10,25 e RN IR 1.09
8) Steel - .00 20,403 s4s09 Y R Te.sd
9) Righd aluminum - .00 8,00 . : . -a®
(ID‘ Total {packaqing matertals) i 100:0°' 100:00 xog::: lo:::: lﬂ:.:: 19;'0’
. f
(ece Pez;&:“‘lo;:‘o?;g;n;;??.:zgend\Lures 1652,72 844,21 149,9¢ 2@56,32 1603,28 .":::
Cosmetics and Hatr Shaving Other 0 Jner
. ther General
Hand :gadu:ts ng:“f Pragl;ccs Buu;g Alds Hell;g Alds ’!rcgandlse
1) Flexible paper and paper closures 11,8 [} '
52 Flexible plastics and plastic closures o:c: 0':; lg':g :": Juaz 28,18
3] Metal closures 2.1 1,93 2.8 MR f.00 MEN
Flexible aluminum . : 0.00 0,00 0,60 a2 1o78 : 0,30
5) Rigld paper 8 t0 I'NT 0 00 Se.a9 $.10 0.7
6) Rigid plastics 10,13 8,51 9,0t : .25 ja.ar
7] Glass Ta.8 6257 68107 3 I 1IN
B steel PN 12,0 KN teise Rt aties
. .
(10) Total (peckeqing raterials) 105::: |°:':g \O:téz 0,00 0.60 9,28
(PCE) Personal) consumplion expenditures 882,09 1115.75 25.2 190,00 100,00 100,60
(militon 1967 dollers) ' * s23.24 MR 3i6c.01 19103440
Total
(consumer
prod\;tts)
3
1) Flexible paper and paper closures 2.2
2) Flexible plastics and plastic closures 3.05 '
J) retal closures 1.14
4) Fflenrble aluminum 0.41
S} Rlgid naper 22.24
6) Rigid plastics 2.20
7} Glass 3%.76
8) steel 20.44
9) Rinid aluminym 1.45
{10) TYotal (pockaging raterfals) 100.00
(PCE) Personal consumptinn c/Ynnullures 317611.60

(miliion 1967 dollar:

Scurce: Research Triannle Institute.
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Table 11. Packaging cost by consumer product 1970
(mi1lion 3967 dollars) -

X . Fresh and
Baked Oalry Frozen Fresh oand Cured Fish Fresh and
Eo:dl Progu:tl foc;ds Cured Meat and Sgdood Cured Poultry
4. 6
1) Fleaible paper and paper closures 48,90 92,01 28,82 136,33 3,08 18,712
2) Flexible plastics and plastic closures : 100,85 §0,99 33,70 8,00 1.9 9.3%"
3) Metal clusures 9,32 8,37 . 2.%8 1. [ 18 1] t.67
4) Flexidle aluminum 8,09 8,92 0,18 0,69 0.02 9,00
5) Rigid paper 201,00 387,78 120,90 431,88 9.99 39,20
6) Rigld plastics 0,00 35.%6 - 0.00 0,00 - 0,00 0,00
7} Glass 0.00 2,00 0.00 £,00 0,00 0,00
8) Steel 07,% 25,20 31,92 21.8% 0,90 2,00
9} Rigid aluminum L I% 1] Q.00 1.27 0.00 0,00 0,00
{10} TYotal {packaning materials) 500,70 586,98 301,57 s¥0.171 18,49 92,07
(PCE) Personal consurption expend|tures peal 14 12081,%7 332,00 22000,90 828,42 3398,008
{et111on 1967 dollurss‘
i Oistilled Soft Prepared
Produce Spirfts - Wine Beer Prinks Beverages
7 ] 9 10 " 12
. {1} Flexible pacer and paper closures 80,0 32,04 0,00 0,00 7,463 ' 1]
2) Flexible plastics and plastic closures 126,17 0,00 .00 0,00 0,00 0,00
3] Hetsl closures 0,00 0,00 0,00 1a1,01 33,81 1,52
4) Flexible aluminum . 0400 8,00 0,00 3,00 9,00 . 1,08
S) _Rigid paper 200,01 16,98 ¢.00 7,02 35,18 54,17
6) Rigid plastics . 0400 8,00 0,00 6,00 0,00 8,80
7} Glass 0,60 108,108 82,08 306,13} 469,87 166,01
8} Steel 1,1 0,00 0,00 203,90 309,72 83,55
9] Rigld aluminun 0,00 0,00 0.00 132,82 74,34 0,08
{10} TYotal (packaging materials) 399,08 217,14 62,08 1180,20 1200,38 322,03
(PCE} Persoral consurption expenditures 10207,41 7000,9% 1280.77 8279,10 3148,78 2762,72
{mf111on 1967 dollars)
Cereals,
Cendy and Canned Flour, and Pet Tobacco Other
Chewing Gun Foods Macaroni Foods Products Foods
: 13 14 15 16 1Y 3
1) Flexible paper and paper closures 18,18 0.00 t1.39 2,08 26,63 23,77
2) Flexible plastics and plastic closures 98,78 0,08 13,40 4,00 22,98 70,43
3) Metal closures 0.00 3.1 0,00 3,87 0.00 3.1
4) Flexible aluminum 7.01 0,00 0.00 3,95 8,59 22,31
5} Rigid paper - 60,57 $7.01 22,68 8,00 59,73 133,17
6) Rigld plastics 0,00 0,00 0,00 0,00 0,00 83.9%
7} 6lass 0100 178,12 0400 0,00 0,00 218,04
8) Steel 130,87 126809 0.00 144, 9q 71,71 85,77
9) Rigid aluminum 0,00 'TRYT 0.00 0,08 0,00 10,34
(10} Total (packaging matertals) 316,00 1553.%08 47,97 154,57 209,71 088,11
(PCE) Personal consumption expenditures 2800,16 68a7,80 2217.63 1031,.49 9093,98 678,09
: (oftlion 1967 dollars)
Other Other Oral
Soaps and Cieaning Household Packaged Hygiene
Detergents Supplies Pesticides Supplies Medications Products
11 20 k4 R 2 24
1) Flexible paper and paper closures 8.87 3.80 0,00 3,97 8,80 3,17
2) Flexible plastics and plastic closures 0,00 0,00 0.00 0,00 0,00 0,00
3} Metal closures 0,00 3,09 0,53 2,13 9,08 2,43
4] Flexible aluminum 1,97 8,00 0.00 0.00 0,59 4.3
$) Rigld paper 207,07 8,17 0,00 68,81 0,00 0,00
6) Rigid plastics . 05,50, 37,17 0,00 38,26 T.74 3.%0
7) 6lass 0.00" 2,00 1.07 5.33 456,92 20,74
8) Steel .00 0,00 0.00 0,00 0.00 0,00
9} Rigtd sluminum 6,00 ’ 0,00 0,00 0.00 17,03 35,47
(10} Total (packaging materials) 343,42 sq,74 1,60 118,69 eo.13 08,21
{PCE) Persona) consumption expenditures 163,72 944,21 149,91 2050,32 1603,28 093,44
{oi1llon 1967 dollars)
Other
Cosmatics and Hate Shaving Other Other Genera)
Hand Products Products Products Beauty Atds Health Afds Merchandise
‘ 25 26 27 28 29 10
1) -Flexible paper and paper closures s.38 &, 70 3.2% 2,68 18,18 291,99
2) Flexible plastics and plastic closures 0,00 0,00 0.00 0,08 0.00 031,97
3) Metal closures 3.089 4,32 2.12 1,70 11,78 13,12
4) Flexible alumiaum 0,08 0,00 0,00 6,99 1.8 17,36
5) Rigid paper 0.00 0,00 0.¢c0 107,81 L. 09,17
6) Rigid plastics 29,50 36, e0 17,18 19,6¢ 18,79 104,08
7} Glass 28010 35,60 t7.00 13,02 106,88 22,21
8} Steel 6,00 0,00 0.00 0,00 0,00 02,3
9} Rigld aluninum 71,09 0,00 eMn 0,06 .00 19,92
- (10} Total (packaqing materdals} Ta, 18 83,q2 0,02 181,48 240,70 2472,3%¢
{PCE)} Personzl consumption eyprnditures 088,09 1216,15 25,20 016,8% 3180,01 . 191030,40
{mi111on 1967 doilars)
1) Fleatble paner and paper closures
2} Flexible plastics and plastic closures
3) Mets) closures
4) Flexidle aluninum
5} Rigld paper
8) Rigid plastics
1) Glass
8} Stee!
9) Rigtd aluminum
{10) Total (pacraning miterfals) 1220%,828
{PCE) Persons] consumpiion crpenditures 317611,00

{million 1967 dallers)

Source: Rescarch Triannle Institute.
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Table 12. Packaging cost per dollar of expenditure by éonsumer product, 1970
~ (cents per dollar)

rresn ano
Baked Dairy frozen fresh and Curcd Fish Fresh and
Goodds Products foods Curued Meat and S;a!ood Cured :uultry
1 2 3 [
1) Flexihle paper and paper closures (R 1] 0,73 [R}] 0.80 0.40 .58
2) Flenible plastics and plastic closures 1,39 8,00 6.97 0,30 0.0 ¢.28
3] HKetal closures ] 0.0% 0,0% 0,08 0,09 0,06 6,05
4] Fledble aluminum ' 0,10 0,08 .13 4.00 0,00 8,00
$} Rigtd paper an 2,90 2,19 1,89 1.90 t.70
€) Rigid plastics 0,00 0,28 0,00 0,00 6.00 0.00
1) Glass 0,00 0,02 0,00 0,00 0.00 0,00
8) Steel 0.0 0,20 (M) 0.10 0,09 0,00
9) Rigtd gluninum 8,00 0,00 0,38 0,00 0,00 8,00
{10) Total (pachuyina materials) $.1) 8,63 T 2.9 2.4 amn
(PCE) Personal consuption ependitures 884} ,14 12001,97 5524,80 22606,98 52s, 3306 08
{million 1967 dolhrs& ’
Distitled Soft Prepared
Produce Spirits Hine Beer Drinks Beverages
? 8 9 10 n 12
1) Flexible paper and paper closures 8.9 0,88 0.00 0,80 0,28 0,2%
2) Flexible plastics and plastic closures 1.2 0,00 0,00 0,00 0.c0 0,09
3} Metal closures 0,00 0,00 0,00 . 2,29 1,07 0,09
4) Flexible aluminum 0.00 0,80 Q.00 9,05 0,00 9,07
$) Rigid paper 1.9% 1.06 0.00 1.1} 1,12 1,96
6} Rigid plastics 6.00 0,00 0,00 0,00 0,00 0,30
7) Glass 0,00 1,93 2,81 $.8) 20,00 801
8) Steel . °1l| 9,00 .00 T.q2 12.69 3,02
9) Rigid alyminum 0,00 8.00 t.00 2,11 2,38 0,00
(10) Total (packaging materials) .89 3.08 @,81 18,80 38,12 11,67
{PCE) Personal consurption expenditures 16267.a1 060,93 1aee.77 627910 31a8,14 62,12
(mil1ion 1967 dollarsg ' .
Cereals,
Candy and Canned Flour, and Pet Tobacco Other
Chewing Gum Foods Macaront Foods Products Foods
13 14 15 16 17 8
1) Flexible paper and paper closures 0,66 0.00 0,31 0,20 0,29 0,35
2) Flexible plastics and plastic closures 3,48 0,00 0.63 6,00 8.47 1,10
3} Metal closures 6.00 0,08 0.00 0,35 9.00 0,0%
4) Flexible aluminum 0,23 8.00 0.00 8,36 0.09 0,3}
5) Rigid paper 2,13 0,% 1,02 0,00 0.60 1.9
6) Rigld plastics’ 0.00 0,00 0,00 0.00 0,00 1.24
7) Glass 0,00 2,90 0.00 0,00 0,00 3,68
8) Steel 8,81 20,63 0,00 14,05 .79 0,97
9} Rigtd aluminum 0.a0 0.7% 8.00 8.08 0,00 0,19
(10) Tota) (packaging materfals) 11.13 r %27 2.18 10,99 2.3t 9,80
(PCE) Personal consumption expenditures 2800,18 atar, 80 2217.¢) 1031,49 209),9¢ 4709,09
(million 1967 dollars})
Other Other Oral
Soaps and Cleaning Household . Packaged Hygiene
Detergenu Supplies Pesticides Supplies Medications Products
1 20 2 22 23 24
1} Flexible paper and paper closures 9.58 s.01 6,00 0,18 0.52 0,94
2) Flexible plastics and plastic closures 0.00 0,00 0,00 .0.00 0.00 8.00
3} Metal closures ' . 0,00 0.3 0,35 [X3}! 0,38 0.35%
4) Flexible aluminum Q.12 0,00 0,60 0,00 0.08 0,08
s) Rigid paper 14,93 0,86 0,00 2.79 0.00 0,00
6) Rigid plastics 3,17 1,93 [ 1] 1,56 0,48 0.51
7) Glass .00 0,22 0,71 8,22 2.9) 2.99
8) Steel .00 6,00 .00 0,00 0.00 9.00
92 Rigid aluminum 6,00 8,00 0,00 0,00 1,06 S.12
(10} Total (packaging materiatls) 20,15 £,79 1,07 a,84 5.7 9,99
{PCE) Personal consurption expenditures 1638,72 qa6,21 189,41 2a50,32 160),28 893,48
(million 1967 doliars)
Other
Cosmetics and Halr Shaving Other Cther General
Hand Products Products Products Beauty Aids Health Afds Merchandise
. 1 26 27 28 2 £
(1) Flexible paper and paper closures 0,01 8,85 0.%2 0,96 0,98 0,13
2) Flexible plastics and plastic closures 0.00 0,00 9.0 0,6¢ 0,00 6,3}
3} retal closures 6,39 0,33 0,37 0,37 8,01
4) Flexible aluminum . 0.00 0,00 0,11 0,08 0,01
§) Rigid caper 0,00 6,00 22,56 3.53 0,35
6) Rigid plastics .0 3.02 3,07 0.3% 0,89
7) Glass 3.2) 2,92 2.93 1,19 0,01
8) Steel 0,80 .00 0,00 0.00 0,38
9} Rigld aluminum 8,80 8.00 0,08 0,00 0.81
(10) Total (packaging meterials) 8.39 8,80 29,49 8,2% 1,29
(PCE) Pcrsonal consumptian expenditures [ LT N }1 1218,7% a16,49 3160.81 191030,80
{miVlton 1967 dollars})
Tota)
{consumer
products)
n
1) Flealble paper and paper closures .2
2) Flexible plastics and plastic closures A
3) Metal closures .
4) Flexible aluminum .08
$) Rinid peper 1.00
6) Riqid plastics 18
7} Glass .68
8) Steel 1.09
9) Pigid aluminum 1
{10) lotal (packating materials) 3.86
{PCE) Personal consumplion expenditures N761L.60

{(m11110n 1967 dollars)

Source: Rescarch Triangle Institute.
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Table 13. Relative

Flexible paper and paper closures

flexible plastics and plastic closures

Meta) closures

Fleaible alumingm

Rigld paper

Rigfd plastics

Glasy

Steel

Rigtd alu=tinum

Total (packaging raterials)

Personal consurplion evpenditures
(niliton 1967 dnllarig

flenible paper and paper closures

Flexible plastics and plastic closures

Metal closures

Flexible alumtaum

Rigle parer

Riaid plastics

Glass

Steel

Rigid aluminum

Totsl {packaging mytertals}

Personal consurption expenditures
{at1}ion 1967 dollars)

Flexible paper and paper closures

Flexible plastics and plastic closures

Metal closures

Flexible aluminum

Rigid paper

Rigid plastics

Glass

Steel

Rigld aluminum

Total (packaging materfals)

Personal consumption expenditures
{million 1967 dolllrlg

Flexible paper and paper closures

Flexible plastics and plastic closures

Ketal closures

Flexible aluminum

Rigid paper

Rigid plastics

6lass

Steel

Rigtd aluminum

Tota! (packaging materials)

Personal consumption expenditures
{mi1lion 1967 dollars)

Flesible paper ang paper closures

flexible plastics and plastic closures

Petal closures

Flexible aluninum

Rigid paper

Rigid plastics

Glass

Steel

Rigid atuninum

Tota) (packaging materials)

Personal consumption expenditures
(militon 1967 dollars)

Flexible paper and paper closures

Flexible plastics and plastic closures

Metsl closures

Flexitle sluminum

Rigid paper

Rigid plastics

Glass

Steel

Rigid aluminum

Tolal (nackaning materisls)

Persona) con-umntion expenditures
(=41 1400 1967 do\lnrig

Source: Rescarch Triangle Institute.

packaging cost by consumer product, 1970
(percentage shares)

Baked
Goods
]

9,00
.01
[ 1]
1.0
39,48
8.¢0
0.¢0
13.))
8,9%
100,¢0
06ag,1a

Produce
?

15,21
n.mn
0.t0
e, 08
80,22
0,c0
0,00
2,00
0,08
160,00
10267,

Candy and
Chewing Gum
13

3.9
31,28
Q.00
2,22
19,17
0.00
0,00
ag,.a1
0,00
100,00
2840,18

Sosps and
Detorgents
9

1.58
6,00
.00
€.5?
71.9%
0,90
Q.00
9,00
8,00
100,00
1858,72

Cosmetics and
Hand Products
25

v.29%
6.08
8,71
0,00
0,00
39,7¢
3B 70
.00
’.97
100,00
eeg.08

Total
{consumner
prog?cts)

Outry
Products
2

19,70
0,89
108
1,01

82,70
0,04
6,80
8,30
0.00

100,90
12081,5?

Olstilled
Spirtes
8

18,7
0,0¢
6,00
8,00

33,0}
8,80

49,8
8,00
0,00

100,0¢
7060,98

Canned
Foods
4

0.00
0,00
0.20
0,00
3.1
0.00
11,47
81,65
2,97
100,00
0147,8¢0

Other
Cleaning
Supplies

20

7,08
0,00
6,39
6,00
14,92
07,90
1.1
0,00
8,00
100,00
940,21

Hatr
Products
26

8,03
0,00
s.160
0,00
8,00
a8, 11
82,08
a.0¢
8,00
100,00
216,75

26

frozen
foods
i}

©n
1,8t
0.80
13,312
00,00
4,00
0,00
1,12
7.08
160,00
$524,80

Wine
9

9.00
¢.00
0,00
¢.00
9.00
9.00
100.00
8.00
9.00
100,00
1288,77

Cereals,
flour, and
Macaroni
15
23,19
28,98

0,00
0.00
ar,27
0.00
0.00
0,00
0,00
100,60
217,43

Pasticides
1)

0,00
0.00
33.19
9.00
9,00
0.00
60,81
g.t0
0.0
100,60
149,46}

Shaving
Products
27
7.80
0,00
s.10
[N 1]
0,00
az2,8)
az,17
.00
1,70
160,00
623,38

Fresh and
Cured West
4

20.%)
10.14
1.1e
0.t0
b4, e
0,¢e0
4,00
3,20
0,00
100,00
22006 ,98

0.00
3,04
39,87
1,2

100,00
0279,10

Pet
Foods
16
1,3
0.00
LN
2,58
0,00
9.00
9.00
93,11
0,08
108,00
1€31,29

Other
Household
Supplies

22

3.3%
0,00
.30
0,00
37,83
32.23
6,89
9,00
8.00
100,00
20%548,32

QOther
Besuty Alds
28

1,89
6,00
1,23
0,70
74,00
10,32
9,89
0.00
0,00
100,00
ave,09

frosh and

Cured Fish

and Seafood
$

e
10,14
1.99
0.1}3
6,23
6.00
0,00
J. e
6,00
100.¢0
$2%.42

Soft
Orinks
n

0,08
0,60
2.80
d.00
2.9}
9.00
Sa,14
33.3¢
6.19
100,00
3140,34

Todecco
Products
"

12,1t
20,90
6,00
a,10
20,40
0,00
0,00
34,22
0.00
160,00
9003,98

Packaged
Madications

9
9,18
0,00
6,38
0.09
9.00
8,99
[TV}
0,00
19,77
100,00
1003,28

Other
Health Alds
29

6,97
Q.00
8,8
0,83
0Q,88
t,a8
38,80
8.00
0,00
100,00
3160,01

Fresh and
Cured Poyltry
[}

26,33
16,10
1.01
9.1¢
84,37
(.1
0.00
V.22
0,00
100,00
339608

Prepared
Baverages
12 ®

2.13
0.00
0.a7
0,%8
16,80
2,00
S1.89
5.9
¢, 02
100,00
2762,72

Other
Foods
18
3.8
11,19
0.%0
3.33
‘20,02
12,62
3T.2¢9
.89
1.%9%
180,00
6789,09

Oratl
Hygtene
Products

24

#93.0e

Other
General
Marchandise

30

10,19



in the intermaterials competition for each of the 30 consumer products
identified above. Historﬁca] trends in the quantity of packaging consumed
per dollar of consumer expenditure were first extrapolated for 30 categories
of consumer products. The projected packaging requirements per dollar of
consumer expenditure were next multiplied by 1980 forecasts of consumer
expenditures for each of the 30 consumer products to obtain quantity
projections of the consumption of packaging by each product. Then, the
relative usage of the various materials within each consumer product's
total packaging requirement was projected on the basis of quantitative
analysis and qualitative discussions with consultants in the packaging field
"and reviews of the literature. Each phase of the procedure is discussed in
more detail below.

3.3.1.1 Product Packaging. Packaging provides consumers a variety of

services such as saving money, or time; reducing the quantity and price risks
associated with the purchase, preparation, and use of packaged products; and
increasing the range of product availability. Packaging provides these services
| primarily by preunitizing products, by protecting product and quality, and by
communicating information relevant to package content and product use (ref. 1).

The scheme of 30 consumer product categories was developed to reflect
fairly homogeneous packaging requirements and special services. As discussed
in sec. 3.2 above, within each of the 30 consumer product categories, detailed
data on packaging usage were collected, standardized to a measure of weight
(tonnes), and aggregated across packaging materials to obtain a total weight
of packaging for each consumer product for the years 1958-70. In order to
isolate trends that reflect changes in the packaging of a product from changes
in consumption of the product, the data were converted to a measure of packaging
weight (kilograms) per $100 of consumer expenditure.

Trends observed in this measure summarize a myriad of technological and
economic phenomena, The intermaterials struggle for markets is exemplified
most notably in the health and cosmetic product lines where the observed
decrease in packaging weight per dollar of expenditure represents a signifi-
cant shift from glass containers to 1ighter weight plastics. Competitive
pressures have contributed to the application of self-service retailing which
not only-is made possible by modern packaging systems but also encourages the
growth of packaging as an advertising and merchandising tool. This has led to
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the use of packaging in new markets--e.g., meat and produce--and increased
use of packaging to achieve greater product differentiation in more tradi-
tional markets. The increased packaging per dollar of expenditure exhibited
in most of the food products also represents the growing consumer preference
for convenience in the form of single-portion servings, premeasured and pre-
mixed foods, heat-and-serve items, and others.

Assuming that these trends in packaging applications and technological
innovations continue, a linear extrapolation to 1980 of the historical data
was made for the amount of packaging per dollar of consumer expenditure on
each of the 30 product categories.*

3.3.1.2 Consumer Expenditures. A consumer who purchases a pound of

meat is, at the same time, purchasing the plastic wrap and the paperboard
tray. Therefore, the amount and structure of packaging in 1980 will be
determined not only by trends within the packaging industry, but also by
other forces that influence consumer buying patterns. The forecast of
packaging in 1980 therefore incorporates separate analyses of trends in
the packaging of a product and in the consumption of the product.
Expenditure data for the period 1958-70 for the 30 consumer product
categories were derived from Supermarketing magazine and the U.S. Department

of Commerce Survey of Current Business. All expenditures were converted to

constant (1967) dollars by using the consumer price index appropriate for
each product.

Projections of personal consumption expenditures for 1980 by the classi-
fication used in the national income accounts, provided by the Bureau of
Labor Statistics (BLS), were used as benchmark projections of total expendi-
tures on food, tobacco, household supplies, health and beauty aids, and
other durables and nondurables., These projections were based on the
"Houthakker-Taylor" system (ref. 2). In order to obtain expenditure fore-
casts for the 30 consumer product categories used in this study that were
consistent with the BLS projections, share trends were estimated for
subcomponents of food, household suppiies, and health and beauty aids.

- For example, 1958-71 data on personal consumption expenditures for Baked
Goods as a proportion of total food expenditures were statistically fit to

*See appendix B for estimating equations.
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a linear time trend. Extrapolation of the trend provided an estimate of
Baked Goods' share of the 1980 food budget. Given the BLS projection of
total food expenditures in 1980, projections of expenditures for Baked
Goods were then derived.*

3.3.1.3 Packaging Materials Consumption. The previously described

procedures for projecting packaging requirements per dollar of consumer
expenditure and for projecting consumption expenditures provide projections
of the amount of packaging consumed in each of 30 product categories in-
1980. In order to provide projections on a materia1 basis, the distribution
of materials was'projeqted from én evaluation of trends in material substitution
within each of the 30 consumer products and a consideration of potential
developments within the markets for the five basic packaging materials. Using
the estimated 1980 distribution of materials for each of the 30 consumer
products and the projection df total packaginq,‘a projection of the consumption
of the five packaging materials in 1980 was developed for each of the 30 B
consumer products.

3.3.2 Trends in Packaging

The amount of all packaging hateria1s used to package consumer products
has been closely related to the combined rates of consumer spending on all
durable and nondurable items (fig. 3). In 1970, the estimafed total of
paper, plastics, glass, steel, and aluminum used to package consumer products
was 27,758 thousand tonnes, 'This value was 67 percent above thé estimate
for 1958. f

The trend towards a service économy has tended to inhibit the'qfowth of
packaging for consumer produéts.' Because the trend is projected to continue
to 1980 (ref. 3), consumer goods packaging, in total, is expected to continue
to grow at a rate somewhat less than that projected for all personal consumption
expendi tures, .

By 1980, personal consumption expenditures on durables and nondurables
are prbjected to total $467.2 billion (in 1967 dollars) or $1,988 per cabita
(fig. 4). Based on projections of expenditures for each of the 30 consumer
products identified for this study and projections of the amount of packaging
per dollar of expenditufe on each consumer product, consumer products
packaging in 1980 is projected to total 44 million tonnes (fig. 5). This

*See appendix B forrshéré équations;and,tota1 egpenditure projections.
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Figure 3. Relationship between consumer expenditures on durable
and nondurable products and consumer product packaging.
Numbers in parentheses are year of observation.

(Source: Research Triangle Institute.)
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Figure 4. Trends in consumer expenditures on durable and nondurable
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Figure 5. Trends in consumer products packaging.
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-projection is consistent (within 12 percent) with that which can be obtained
by substituting the projected rate of per capita expenditures on durables and
nondurables into the equation shown in figure 3 and multiplying that result
by  the projected 1980 population of 235 million (ref. 4).

The methodology employed and the projections developed above do not
specifically relate to the packaging climate; that is, the variety of social,
economic, political, and technical factors that intertwine to influence
product packaging. VYet, these factors lie behind any set of projections.

31



The factors can be grouped into those that relate to the climate within
which packaging exists and the intermaterials competition within that
climate. Three important developments relating to the concentration of
manufacturing and distribution, the demand for convenience, and the possi-
bility of restrictive legislation that will influence the packaging climate
are discussed below. -

3.3.2.1 Concentration of Production and Distribution. The trend
towards greater concentration of economic activity in the American economy

means that the traditional pattern of relatively small f{rms serving local
markets has been supplanted, in most industries, by a few large firms
serving national markets. The general rationale for the concentration of
industry is the economies of scale conferred upon large producers. These
economies include advantages in diverse areas such as production costs,
advertising costs, brand acceptance, input prices, and access to capital.
The ability of large firms to employ greater division of labor and speciali-
zation within a particular plant or production process results in a general
pattern of the larger corporations paying higher wages and salaries, employing
more capital intensive technologies, and realizing higher profit margins than
their smaller competitors (ref., 5).

New packaging developments both encourage this trend and are induced
by it. Perhaps the best example is the brewing industry. As shown in
figure 6, the number of breweries has declined substantially since 1940
when there were over 12 breweries on the average for each State until
today when the average is about three per State. Over the same period, :
the average output per brewery has increased. The desire to achieve economies
of scale is frequently cited as a major reason for the reduction in the number -
of breweries., However, the introduction first of nonrefillable bottles--and
subsequently cans--as economical, one-way containers for Beer that do not
incur the transportation costs that refillable bottles must, has provided
brewers with the opportunity to ship Beer longer distances at less cost than
would otherwise be possible,

A reduction in the number of firms has been observed for most of the
industries producing the 30 consumer products identified in this study
(table 14). There appears to be no reason for this trend to halt, much less
reverse itself. The implication of the trend is the development of packaging
that can be shipped longer distances, provide greater protection against
damage in shipment, and weigh less than current packaging.
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Figure 6. Number of breweries operated, 1940-70.
(Source: Brewers Almanac, 1971, United States
Brewers Association, Inc., Washington, D.C., 1971.)

The trend in concentration observed for manufacturing also exists in the
" distribution sector of the economy and will continue to have an influence on
packaging. Packaging has been cited as a major factor in the arowth of super-
markets and the demise of the general store because improvements in product
packaging made mass distribution and self-service store merchandising possible
(ref. 6). During the depression of the 1930's, se)f-service stores were
widely introduced in an effort to reduce costs by achieving economies of
scale (ref. 7). With the elimination of the sales clerk, the package became
"the maker's sole representative at the sales decision point. - Advertising
messages dimly recalled, competitive product claims 1oudTy heard: all of
these interfere in strident cacophony with the message he wants to communicate:
Look. This product is different. This product is unique. This product will
satisfy, benefit, totally respond to your need. It will really do what it says
it will do. - You-won't 1ike it only now. VYou'll like in in your home. Even
weeks from now" (ref. 8).

As shown in table 15, the trend in retail food stores in general, and

grocery stores in particular, toward fewer but larger stores is expected to

33



Table 14. Trend in the number of eatablishments producing packaged products

Number of establishments

. Industry
Consumer product® for the year
{consumer category numbers) m(:rgt;g(‘s Industry name d

: ’ 1958 1963 1967

Baked Goods 2051 Bread, cake, & related products 6,026 5,010 4,042
(1) 2052 Cookies and crackers 339 356 348

Total 6,365 5,366 4,390

Dairy Products 2021 Creamery butter 1,058 766 540
(2) o622 Cheese, natural, & processed 1,310 1,138 1,026

. 2026 Fluid milk 5,828 4,619 3,481
Total 8,196 6,523 5,047

Frozen Foods 2024 ize cream B frozen desserts 1,390 1,081 850
(3) 2036 Fresh & frozen packaged fish 2,352 2,814 3,607

2937 Frozen fruits and vegetables 3,208 3,911 4,576

fotal 6,950 7,806 9,033

Fresh and Cured Meat 2011 Meatpacking plants 2,810 2,992 2,707
Fresh and Cured Fish & Seafood 2013 Sausages & other prepared meats 1,494 1,341 1,375
Fresh and Cured Poultry 20 Foultry dressing plants 1,233 967 839
(4-6) jotal 5,537 5,300 4,921

2095 Roasted coffee 380 324 268

2082 Halt liquors 262 222 185

Beverages 2054 Yines, brandy, & brandy spirits 239 222 205
(8-12) ' J0E5 oistilled liquor, except brandy 122 107 112

2086 Bettled & carnned soft drinks 4,394 3,905 ‘3,400

2087 Flavoring, extract, sirups, N.E.C. 534 520 431

Total 5,931 5,300 4,601

Candy & Chewing Gum 2071 Confectionery products 3,563 4,237 4,989
(13) 24572 Chocolate & cocoa products 4,646 5,639 6,450
2073 Chewing gum 4,532 5,577 6,095

Total 12,741 15,453 17,534

2022 Conaansed & eveporated milk - 313 281 291
Canned Foods 2031 Canned & cured seafood an 405 320
(14) 2032 Canned specialties 107 173 175

2033 Carned fruits & vegetables 1,630 1,430 1,223
Total 2,461 2,289 2,009
2041 Flour & other grain mill products 814 618 541
“Cereals, Flour, 2043 Cereal preparations 43 48 .45
and Macaroni 2044 Rice milling 72 74 68
{15) 2045 Blended & prepared flour nz 165 145
2058 Macaroni & spagnetti 214 221 205
Tetal ' 1,260 1,126 1,004
Pet Foods 2062 brepared feeds for animals & foals 2,379 2,590 2,355
(16)
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.Table 14 (con.). Trend in the number of establishments producing packaged products

Number of establishments

. Industry .
(consg;:iunggzeggaguszmbers) ) m(ng?g;-s lIndustry name _ for the year
1958 1963 1967
Tobacco Products 2m Cigarettes 19 14 16
07) C 212) Cigars 283 193 148
FAKINN Chewing & smoking tobacco 58 51 46
Total . 360 258 210
~ Other Foods 2034 Dried & dehydrated fruits & veg. 161 176 178
(ia) . 2035 Pickled fruits & vegetables,
' vegetables sauces & seasoninas; 619 588 527 -
salad dressings
2046 Wet corn milling . 59 60 45
206 Sugar : 170 164 182
209 Miscellaneous food preparations 1,099 1,067 996
o and kindred prodycts

2099 Food preparations, N.E.C. 2,307 2,190 2,082
Total 4,415 4,245 4,010
2819 Household bleaches, dry, liq. 580 674 718
2899 Chemical preparations N.E.C. 1,294 1,387 1,373
2841 Soap & other detergents 608 704 668
2842 " Polishes & sanitation goods 1,156 1,101 1,004
2843 Surface active agents 142 148 164
Household 2641 PFper coatiﬁg & glazing 340 387 397
supplies N 2642 Envelopes 205 230 228
(19-22) 2643 Bag, except textile 461 586 557
2644 Wall paper 73 79 77
2645 Diecut paper & board o 372 425 440
2646 Pressed & molded pulp aoods .55 59 58
2649 - Converted paper products, N.E.C. -- 610 610
3999 Manufacturers, N.E.C. 1,898 2,108 2,21
3069 Fabricated rubber products, N.E.C. 1,074 1,173 1,189
3461 Metal stampings 2,454 2,574 2,710
3221 Glass containers 100 113 120
3641 Electric lamps 1) 8] 106
Total 10,878 12,439 12,630
2844 Toilet preparations - 748 707 672
Health and 2647 Sanitary paper products NA 19 125
beauty aids 3842 Surgical appliances & supplies 590 704 811
(23-2@) 2834 Pharmaceutical preparations 1,114 1,011 875
3964 Needles, pins, fasteners 367 343 289

Total 2,819 2,884 2,772

* Does not include Consumer product (7) Produce nor (30) Other General Merchandise.

Source: U.S. Department of Comnerce, Bureau of the Census, 1967 Census of Manufactures, U.S.
Government ‘Printing Office, Washington, D.C., 1970. :
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Table 15. Retail food stores -trends

Year
1954 1958 1963 1967 1970 1971 1980 -

_ Number of stores
Food stores 384,616 356,754 319,433 294,243 NA NA NA

Grocery stores 287,572 259,796 244,839 218,130 208,000 205,000 182,000
Meat markets 22,896 23,844 16,457 17,943 NA NA NA
Fish markets 4,458 4,339 3,630 NA NA NA
Bakeries 19,034 19,235 18,631 19,598 NA NA NA
Other 50,656 49,540 35,876 38,572 NA NA NA

Percentage distribution of sales
Grocery store sales
Over $1,000,000 31.2 42.9 50.2 59.1 64.9 66.0 69.
$500,000-$1,000,000 15.4 14.7 15.3 13.2 12.0 11.2 10.
Less than $500,000 53.4 42.4 34.5 27.7 23.1 22.8 20.
' 100.0 100.0 100.0 100.0 100.0 100.0 100.

oo O N

Sources: Historical data for the number of stores: Department of
Commerce, Bureau of the Census, U.S. Census of Business, 1958, 1963, 1967;
projections and estimated distribution of sales: Supermarketing magazine,
September 1972, p. 12.

~continue into the future. This will continue to emphasize the role of
packaging as a merchandising tool.

The package can be a persuasive force in the purchase decision, for
it can create product differentiation where little may otherwise exist.
The importance of product differentiation is seen in the degree of competi-
tion among products for the consumer's dollar. A typical supermarket offers
.about 8,000 items for sale. Assuming that the average consumer spends an
average of one-half hour per shopping trip, the average item is exposed to
each potential customer less than one-fourth of a second. The successful
package must first attract the potential customer's attention by being
visually attractive. Next, it must convince the potential customer that fhe
product will meet his needs by communicating pertinent information relative
to the package contents and product use. Then, it must trigger the sale by

overcoming any last resistance of the buyer (ref. 9).
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Once purchased, the product must perform as expected by the consumer,
or it'may not be purchased again, thus enjoying-the repeat sales that most
products require in order to survive. In many cases, the performance of
the product is intimately related to the performance of the package, most
notably in connection with the fast growing sales volume of convenience
products.

3.3.2.2 Convenience. Convenience foods may save customers money
and/or time. Centralized processing, where water is removed and the inedible
portions of products are discarded, reduces bulk, weight, perishability, and,

hence, marketing costs (ref. 10). Frozen concentrate orange juice, in a
- composite can, frozen or canned peas and 1ima beans, and instant coffee in
a jar, for example, cost consumers about one-half the cost of their fresh
counterparts (e.g., fresh orange juice, peas and lima beans, roasted ground
coffee), as well as saving preparation time (table 16). Most convenience
foods, however, sell at a price premium over their home-prepared counterparts,
but save consumers time in preparation. About 100 such foods are shown in
table 17. |

In many cases the convenience incorporated into foods is a function of
packaging. Some typical examples include (ref. 11):

(1) Opening and closing features--e.g., one-hand dispensing devices

for lotions, tear-tape opening strips, and zip-tops;

(2) Direct-use packages--e.g., shoe polish container with zip-top

1id, applicator, and polishing cloth;

(3) Preunitized packages--e.g., breakfast cereals in single-service

boxes;

(4) Aerosols--e.g., rug shampoo aerosol with integral brush.

Increases in consumer demand for convenience incorporated into packaging
are expected for the future, due both to an increasing share of women in the
work force and to increases in affluence. The number of women in the work
force has been increasing and is expected to continue to increase through
1980 (table 18). This should increase the demand for packaging which will
save housewives time, especially time spent in food preparation and cleanup.

Consumers do regard some current packaging characteristics with disfavor,
a factor that can discourage the growth in some packaging. A number of surveys
indicate that consumers are concerned about the impacts of packaging on the

37



Table 16. Cost savings of convenience foods

Consumer product
(Consumer product category)

" Percent cost savings using
convenience foods over
fresh or home-prepared forms

Dairy Products (2)

cheese, sliced 3.5
Frozen Foods (3)
orange concentrate 50.9
peas 53.9
lima beans 41.0
cut corn 20.2 .
spinach 33.3
shrimp 7.1
Produce (7)
orange juice, store squeezed 6.8
Prepared Beverages (12)
instant coffee 48.9
Canned Foods (14)
cherries 60.0
orange juice 45.9
peas 61.5
cut corn 16.3
spinach 42.0
lima beans 35.6
asparagqus 13.1
beets 5.4
spaghetti 18.6
chicken 11.7
beef stew 9.1
Cereals, Flour, and Macaroni (15)
devil's food cake, incomplete mix 30.0
chocolate frosting, complete mix 16.7
yellow cake, incomplete mix 17.2
waffles, complete mix 9.1
pudding, chocolate 14.3

Source: U.S. Department of Agriculture, Economic Research
Service, Comparative Costs to Consumers of Convenience Foods and

Home-Prepared Foods, Marketing Research Report, No. 609,

Washington, D.C., June 1963, pp. 8-9.
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Table 17. - Cost of worktime saved by using prepared foods

‘ Cost per

Consumer product Cost premium Time saved hour of

(consumer product category) (cents) (minutes) time saved

. . (dollars)

Baked Goods (1)

sugar cookies 0.3 0.6 $0.30
yellow cake 1.6 2.0 0.48
cherry pie 6.9 8.2 0.50
coconut pie 5.8 6.8 0.51
apple pie , 7.4 7.8 0.57
devil's food cake 2.6 2.5 0.62
pound cake 1.3 1.2 0.65
yeast rolls 3.4 2.2 0.92
brownies 1.2 0.6 1.20
angelfood cake 3.7 1.7 1.31

Frozen Foods (3)

french fries .04
puffs 1
patties .22
asparagus A7
broccoli .58

brussels sprouts .60

green beans .70
corn on cob .97
coconut .30
pineapple .24
peaches .83
strawberries .83
red raspberries .12
fried rice .63
frozen pizza 2 1 7

biscuits, refrigerated
biscuits, frozen

.09
.01

cherry pie .26
appie pie .37
coconut pie 72
brownies .00
yeast rolls .18
pancakes . .60
devil's food cake .62
waffles .00
pound cake .07

orange sherbert complete mix
orange sherbert

haddock fish sticks

codfish sticks

.90
.92
.20
.46
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Table 17 (con.). Cost of worktime saved by using prepared foods

: Cost per
Consumer product Cost premium  Time saved hour
(consumer product category) - (cents) (minutes) time saved
(dollars)
Canned Foods (14)
boiled whole potatoes 2.3 1.2 $1.15
green beans 1.1 2.7 0.25
carrots, diced 1.3 2.6 0.30
carrots, sliced 2.2 2.8 0.47
brussels sprouts 3.4 1.9 1.07
¢coconut 0.1 1.8 0.04
pineapple 0.3 1.5 - 0.12
peaches 2.0 2.1 0.57
cranberries, whole 1.9 0.7 0.77
red raspberries 2.4 1.6 0.90
strawberries 5.1 1.8 1.70
spanish rice 2.1 3.5 0.36
canned codfish flakes 0.3 0.6 0.30
-cooked crab meat 4.9 4.0 0.73
cooked shrimp 5.4 3.1 1.04
Cereals, Flour, and Macaroni (15)
waffle mix, incomplete 0.1 1.3 0.05
pound cake mix, incomplete 0.1 0.8 0.07
pancake mix, incomplete 0.3 1.6 0.1
coconut pie mix, incomplete 0.6 2.2 0.16
corn muffin mix, incomplete 0.4 0.1 2.40
cherry pie mix, complete 0.6 4.9 0.07
apple pie mix, complete 1.8 4.2 0.26
yeast rolls mix, complete 0.5 0.9 0.34
pancake mix, complete 1.3 1.7 0.46
white frosting mix, complete 0.8 0.8 0.60
angelfood cake mix, complete 0.5 0.3 1.00
chocolate fudge mix, complete 0.6 1.0 0.36
Other Foods
chocolate fudge 1.0 .4 0.43
packaged complete pizza 4.6 5.9 0.47
chilled pizza , 8.7 11.3 1.17

Source: U.S. Department of Agriculture, Economic Research Service,
Comparative Costs to Consumers of Convenience Foods and Home-prepared
Foods, Marketing Research Report No. 609, Washington, D.C., June 1963,
pp. 62-65.
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Table 18. Labor force participation of women, 1940 to 1980*

Female labor force Percent distribution Female labor force
(thousands) of female labor force participation rate
(percent)
Year
. Not Not
Total Married married Married married Total
1940 - 13,840 5,040 8,800 36.4 63.6 27.4
1950 . 17,795 9,273 8,522 52.1 47.9 31.4
1960 22,516 13,485 8,671 59.9 40.1 34.8
1965 25,952 16,154 9,798 62.2 37.8 36.7
1970 31,233 19,799 11,434 63.4 36.6 41.6
1980 - 37,115 NA NA NA NA 43.0

*bersons 14 years and older through 1965; thereafter, 16 years and older.

Source: For 1940, 1950: U.S. Department of Commerce, Bureau of the
Census, Current Population Reports, Series P-50; for other years: U.S.
Department of Labor, Bureau of Labor Statistics, Special Labor Force Reports.

environment. If these concerns become reflected in consumer purchase
decisions, then the growth trends for some packaged products may be affected.
Also, failures of packaging to perform desired functions may also affect
growth., A recent survey identified several consumer complaints. Most often
mentioned were dysfunctional aerosol cans, leaky cartons, finger-cutting tear
tabs, tear strips or tabs that do not tear, and economy-sized packages that
do not really save consumers money (ref. 12).

The trend, however, for most consumer products is for packaging to
represent a larger portion of product costs today than 10 years ago (fig. 7).
These trends may already be reflective of the greater use of packaging and
the incorporation of package design features that offer consumers convenience.

3.3.2.3 Government. The role that government may play in displacing
the trends in packaging is difficult to project. It appears obvious that
many legislators are responding to the concerns of their constituents about
packaging and its influence on the quality of life by introducing legislation
aimed at influencing packaging decisions. Most Federal legislation has been
directed toward labeling, or toward providing consumers (especially children)
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Figure 7. Share of consumer product costs represented by packaging.

(Source: Research Triangle Institute.)
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protection from packaged products that are hazardous (ref, 13). On the
State and local 1evé1, howgver: there appears to be a greater willingnass
to experiment with legislation designed to alter or reyerse packaging trends
seen as inimical to the enyironment, Three examples of sych approaches are
noteworthy. In New York City, a tax on nonfood plastic containers was insti-
tuted for the pyrppse of reducing the cost of solid waste disposal and
encouraging recycling of plastic cqntainers, However, the law was declared
unconstitutional. In Oregon, all beer and soft drink containers to be sold
.in the State are required to have refund values. If this requirement is
adopted by othgr States, it could dramatically reverse the trend in Beer apd
Soft Drink packaging toward an all-nonrefillablercontainer system of packaging.
In Minnesota, the Minnesota Pollution Control Agency has been given the
authority to ban the retail sale of any new package considered to be either a
solid waste problem gr one "inconsistent with State environmqntal policies.”

To what extent governmental action will displace trends is, of course,
not easily answerable. For the projectians of packaging in 1980, }he implicit
assumption has been made that governmental action will not significantly modify
current packaging trends, However, it should be pointed out that the purpose
of this study is to identify how governmént could alter the use of packaging
through the use of regulation and/or fiscal incentives.

3,3.2.4 Competition Among Packaging Materials. Qualitative improvements
observed in virtually all of the méter1a1s used by sbciety (ref. 14) have also
affected the packaging industries. Prior to WOrlﬂ Ward II, certajn materials
had held nearly exclusive positions im various packaging applications; i.e,,
choice of material was digtated primarily by techqica] factors relating to
the product heing packaged. For example, many foods were a]post a]wgys packaged
in cans made from tin-plated steel; beverages and some foods were packaged ‘in
glass bottles or jars with steel closures; and products requiring flexible’

packaging were packaged in paper,

Since that time, qualitative improvements in other materials, especially
plastics and aluminum, have increasgd the range of alternatives in package
material selectian and hence the potential scope of price competition. As
the ptastics and aluminum prodqcing industries developed, produection technology
improved and economies of scaTé emerged, These economias of scale encouraged
producers to develop qualitative improvements in their products to promote their
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use in new applications., The result has been an increase in the_fange of
materials available.for packaging. For example, the beverage producer méy i
now choose from various types of bottles, stée] cans, or aluminum cans as
packaging materials. The food packager has the same choice p1us'the possi-
bility of flexible or rigid plastic containers. In applications where
flexible packages are required or desirable, aluminum foil, paper, plastic
film, or combinations of these may be used.

Recent trends in applications and usage of the five basic packaging
materials are discussed below.

a. Paper |

Paper and paperboard are a major factor in the backaging of consumer
products. In 1970, an estimated 9.6 million tonnes of paper and paperboard
were used to package consumerlgoods, Eepresenting approximately 35 percent
of the total consumption of patkaging materia1s; Paperboafd—-or rigid paper
(setup boxes, folding boxes, sanitary foodbqard,vand composite cans)--accounts
fdr the major share of paper packaging. Flexible papers (converting papers;
bag paper; and glassine, greaseproof, and vegetable pépers) and paper closures
represent approximately one-third of paper packaging. | "

The low cost and versatility of paper have accounted for its dominance
in packaging. However, technological advances that improved the quality and
cost competitiveness of p]astiés have created a threat to traditional paper
markets. Therefore, paper has become a slow growth méteria] in the packaging
industry, averaging a 3.1 percent énnha] rate of growth from 1958 to 1970 as
compared to 4.4 percent for all packaging materials. This rate of growth in
‘the use of paper for packaging consumer products did not keep pace with the
increase in consumption ofhgbods ovér the 13 years. .The amount of paper
packaging per dollar of expenditure on durable and nondurable goods was 15
percent lower in 1970 than in 1958, an average annual decrease of 1.39 percent.

The most significant gains during the 1958 to 1970 period for both flexible
and rigid paper were in the packaging of perishable food items. 1In this
category of consumer goods, paper packaging increased absolutely and relative
-to consumer expenditures. Three factors were responsible: the shift from
the glass milk bottle to paperboard containers (and plastic bottles); increased
- packaging of meat and produce; and the dramatic increase in the demand for
frozen convenience foods that have large paper-packaging requirements. The
~ paper industry is attempting to maintain its share of this potential market
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Figure 8. Trends in paper packaging.
(Source: Research Triangle Institute.)

in the face of the popularity of plastics by using combinations of paper and

the competing materials in new and more versatile packages. It is noteworthy
that almost two-thirds of the dollar value of plastics used in packaging in 1969
was consumed by the paper industry (ref. 15).

In the packaging of nonperishable foods, paper usage per dollar of consumer
expenditure remained fairly stable from 1958 to 1970, However, the total amount
of paper consumed in nonfood packaging grew at an average annual rate of only
1.1 percent per year, much below the growth rate of expenditures.

If the trends in the utilization of paper packaging and the distribution
of consumer expenditures continue, the amount of paper used in packaging
consumer goods is projected to be 12.8 million tonnes in 1980, or an average
of 2.7 kilograms per dollar of expenditure on durable and nondurable goods
(fig. 8).

b. Plastics

During the past decade, plastics have emerged as a major container material
and a contender for markets previously dominated by glass, steel, and paper.
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In 1970, 798 thousand tonnes of flexible p]astics, 610 thousand tonnes of
rigid plastic containers, and 55 thousand tonnes of plastic closures were
used in packaging consumer goods. Although this represented only 5 percent
(by weight) of all packaging materials consumed in 1970, in 1958 only 2

. percent of materials -used were plastics.

The relative significance of flexible versus rigid container applica-
-tions of.plastics has undergone a rapid transformation. In 1958, 12 percent
of all plastic packaging consumption, as measured by weight, was in the form
of rigid containers; in 1970, 42 percent of the consumption was in the form
of rigid containers. The average annual rate of growth in rigid containers
was 26 percent.

_Glass has been particularly vulnerable to the rapid growth in plastic
containers due to glass breakage. Plastics have almost displaced glass for
packaging household cleaning supplies; the usage of plastics has increased
significantly for .packaging medicinal and cosmetic products. Rigid plastic
containers have not been:utilized significantly in food and beverage products.
However, they have been used in the packaging of milk and have met customer
acceptance; also, success in the test-marketing of Soft Drinks in plastic
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bottles (ref. 16) portends future applications in food and beverage markets.

The growth in using flexible plastics (including cellophane, according
to convention) for-packaging, although not as spectacular as that of rigid
containers, has been.almost twice the rate of the increase in consumer expendi-
tures. Much of this is due to increased packaging applications of polyethylene
bags. Bread is predominantly packaged in this manner and a growing proportion
of produce is prepackaged in polyethylene bags. Flexible plastics have
‘received consumer acceptance particularly due to their transparent quality,
and considerable potential for expansion still exists.

The usage of plastic closures quadrupled from 1958 to 1970. Given new
legislation requiring child-resistant closures, it is likely that plastics
will replace metal as a closure material.

Extrapolating the trends in the usage of plastics in consumer packaging
“and the trends in consumption expenditures, the amount of plastics to be
used in packaging is projected to be 2.6 million tonnes in 1980 (fig. 9).

c. Glass

- In 1970, 10 million tonnes of glass were used in packaging consumer
products. This figure represents an average annual rate of increase over
1958 of 6.2 percent, Thus, despite the strides made by competing materials
in capturing packaging markets, glass activity has been significant.

The growth in g]ase usage for packaging consumer products can be
almost wholly attributed to the radical shift to nonrefillable beverage
bottles. Consumer preference for convenience, retailer reluctance to
handle refillables, and the encouragement of glass manufacturers eager
to expand their sales have all contributed to the trend toward nonrefillables.
Between 1958 and 1970, -nonrefillables increased at an average annual rate of
30 percent in the packaging of Soft Drinks and 15 percent in packaging Beer.
The rates of increase in consumer expenditures on these items were 2 percent
and 1 percent, respectively.

Vigorous competition from other materials, particularly plastics, has
displaced glass in many markets. Glass is heavy; thus the material's cost
advantage is lost in greater transportation charges. Glass is fragile, and
consumer demand for safety has encouraged the shift to alternative packages.
For example, plastic bottles have now secured the market for packaging liquid
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household products; paper cartons and plastic bottles have replaced glass
milk containers.

Glass retains technical advantages as a package in some product lines.
Giass. is chemically inert, transparent, and compatible with convenient
closures for making glass packages easily resealable. These properties are
particularly attractive to the consumer in packaging food items such as
mayonnaise, relishes, jams, and baby foods. In these markets, glass has
kept pace with the growth of consumer expenditures.

Glass jars have decreased in importance as a package for health and
beauty aids; however, at present, technical factors apparently limit the
extent to which glass can be replaced in this market. For example, plastics
have become an important material in packaging medicinal products, but because,
many drug preparations are chemically incompatible with plastics, glass jars
must be used.. Similarly, in fragran£ toiletries such as perfumes and after
shave lotions, the .0i1 will permeate plastic containers in a relatively short
time,
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Research by the glass industry has been directed at lighter weight,
unbreakable glass containers. If unbreakable glass is developed, trends
occurring over the past 13 years may be reversed. However, proceeding with
the assumption that packaging trends will continue, 16,3 million tonnes of
glass are projected to be used for packaging in 1980 (fig. 10).

d.  Steel

Consumer products packaging consumed 6 million tonnes of steel in 1970,
About 95 percent of the total was fabricated into cans;'the remainder was
used for closures.

Between 1958 and 1970, the quantity of steel converted into cans
increased at a modest annual rate of 2.8 percent. During this same period,
thinner can-sheet gages gained wider application; as a result, the number of
cans used in the packaging of consumer products increased annually by about
3.1 percent. This rate, however, is still below the 3.8 percent growth rate
of consumer expenditures on goods.

Food containers are the major outlet for steel cans; 76 percent of steel
cans consumed in 1970 were used in packaging food items. The advantages of
steel containers for packaging food retate to strength (important in hot or
vacuum filling), total impermeability, and resistance to temperature extremes.

Two recent trends in steel cans deserve particuiar attention: the greater
application of cans in beverage packaging (particularly Soft Drinks), and aerosol
packaging.

By 1958, cans had captured a large share of Beer containerization but were
not yet used extensively in packaging Soft Drinks. Supermarket chains first
introduced the Soft Drink can and one-way bottle to market their house brands.
The success of these convenience containers encouraged bottlers of the national
brands to offer their products in cans and nonrefillable bottles. During the
13 years of 1958 through 1970, the amournit of steel used to package Soft Drinks
increased over twentyfold. Beer and Soft Drinr containers accounted for 25
percent of steel can consumption in 1970,

The growth in aerosol cans is representative of the trend toward convenience
packaging. The increase in labor force participation by women has created a
demand for time-saving packages, and greater affluence has Ted to a willingness
to pay a premium for convenience. Thus, although aerosol cans are more expensive
than traditional containers, the aerosol can has had a successful history. In
1958, 56 thousand tonnes of metal were converted into aerosol containers; in 1970,

50



12.0 : 3.0

10.0 7125

PACKAGING PER EXPENDITURE )'g
(right scale) |7
/ 1L
: L~
-

7

20

\
N\
.

TOTAL PACKAGING
{MILLION TONNES)
¢ ®
O
e
AY
N
W N\

[2)]
O
{
-
o
—
>
—
)
>
()
X
> -

2
Z
(9]
A

18

PACKAGING PER EXPENDITURE
(KILOGRAMS PER HUNDRED 1967 DOLLARS)

40 ‘ 1.0
58 - = 70 80
YEAR

Figure 11. Trends in steel packaging.
(Source: Research Triangle Institute.)

256 thousand tonnes of metal were used. The major applications to date of
the aerosol container have been in household products and beauty aids. |
Aerosol cans have not been-extensive1y used for packaging food products due
to chemical 1ncompat1bi]1t1e§ between product and package and problems in
the design of aerosol valves er food products. Expansion of aerosol cans
in food packaging can be expected as refined packages and new consumer
products are developed. In fact, the aerosol can is a prime example of the
way in which developments ﬁn backaginq create opportunities in product
markets; the introduction of the aerosol can Ted to the development of a new
product, hair spray.

If trends observed during the past 13 years continue, steel usage for
the packaging pf consumer products is projected to be 10.5 million tonnes
in 1980 (fig. 11).

e.  Aluminum .

Containers and packaging is the third largest market for aluminum
(ref. 17). Aggressive promotiqhal activity by the Aluminum Association has

lec¢ to wide acceptance of aluminum as a packaging.materia1. Substantial
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growih has occurred in the usage of aluminum in packaging during the past
decade and it is 1ikely that significant new packag1ng applications will
be deveioped in the future.

Aluminum can fabrication accounts for 80 percent of aluminum used in
packaging, and it is the container most responsible for the substantial
increase in consumption of aluminum packaging. In 1967, the first year
for which detailed data on aluminum cans were available, 177 thousand
‘tonnes of-alumihum were converted into cans; by 1970, the amount of aluminum
in can fabrication had increased 87 percent to 331 thousand tonnes. '

Aluminum cans, though more expensive than other metal cans, are 11ght-
weight and thereby gain a cost advantage in transportation charges ‘Aluminum
tears more easily than steel, thus making it safe and easy to open when used
as one of the zip-top devices. For this reason aluminum has made inroads
into the beverage market. Beer and Soft Drink containers account for most
of the aluminum céns used in packaging; in 1970, these two outlets consumed
80 percent of all aluminum cans produced.

Aluminum cans are also beginning to move into other food packaging
markets such as for canned meats, Pet Foods, and Frozen Foods. However, |
aluminum, unlike steel, would buckle and collapse under air pressure in the
vacuum filling method therefore, it is not a current]y suitable package for
many food processors. ' ,

Aluminum foil, in both flexible and semirigid fonns, is being used
increasingly in packaging, primarily for food products. Aluminum foil is
tasteless and odor]ess, and performis well in freezing, heat1ng, and dry1ng
'processes, which make it app11cab1e to a variety of food types. Aluminum
is also an exce11ent conductor of, heat which provides it with excellent
growth opportun1t1es in the face of increasing demand for heat- -and-serve -
foods. Semirigid foil has been used most extehsivé]y in packaging Baked
Goods and Frozen Foods.. Flexible foil is utilized for its barrier properties
in numerous food products. and it has been partieu]ar]y successful in packaging
unit-of-use items such as mustard and catsup. Consumption of . a]umfnum foil
-increased at an average annual rate of 8 percent during the 1958- 70 period.
| Co]]aps1b1e metal tubes are the slowest area of growth for aluminum.
(A1though not all collapsible tubes are made of aluminum, it is the most
commonly used material, ‘The'avai1ab1e'ihformation,does not distinguish this
package by metal type; therefore, all collapsible tobes have been included
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" Figure 12. Trends in aluminum packaging.
(Source: Research Triangle Institute.)

in the a]um1num ‘category). Collapsible tubes are used for semiliquid
mater1als They have had success in cosmetics and pharmaceuticals, but
CONSUMers ‘have not accepted ‘tubes as a food package. The slow growth

in the metal tube can be ‘attributed primarily to the development of plastic
tubes. - The greater popularity of plastics should continue to inhibit metal
tube growth. '

If the trends in aluminum packaging continue to 1980, consumption of
aluminum is: projected to be 1:7 million tonnes, an average growth rate of
13 percent (fig. 12).
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CHAPTER 4: SELECTION OF POLICY INSTRUMENTS AND
DEVELOPMENT OF A METHODOLOGY FOR THEIR EVALUATION

4.1 Introduction . o

Many courses of governmental action on the subject of packaging
and its relationship to environmental quality have been proposed both
from within and outside the government. Four possible governmental

policy instruments are identified in this chapter and analyzed in the
succeeding one. -~ .. . -

Criteria for evaluating .the effectiveness and costs of a]ternat1ve .
policy 1nstruments-are .also presented-in; this, chapter The measurement,;
of costs is based on.the concept of consumer surplus as a measure of |
consumer welfare, The latter measure enjoys fairly widespread acceptance
by applied.economists. ‘

The major theoretical Tlimitation of the consumer surp]us measure of
welfare is that it assumes that the marginal utility of income is constant
~across individuals; i.e., that a dollar provides the same real inqome_to;
all recipients.* In applied work another limitation is that the estimation
of forfeited consumer surplus. requires empirical estimates of product
demand elasticities.t Nonetheless, it is a useful tool for deve]op1nq
reasonable estimates. L I TR _ .

Ultimate criteria for developing monetary values of the beneffta,to »
society of reductions in packaging or alterations in the mix of, packaginglu
materials or of the inputs to. packag1ng are not readily avallable ' It is
possible that in some.cases informed.judgment may provide a more re11ab1e
measure of the benefits of a policy instrument than the measures of .
“effectiveness" employed in- this«study.. Yet those measures often suffer
from the subtle interjection of mormative criteria. | o

The final section of this chapter discusses the des1qn of the program-
med model used to provide quantitative estimates of the costs and effective-

*The use of’consumer surplus -as a measure of welfare implicity assumes
that a consumer's allocation-of his limited income among alternative goods
and services is opt1ma1 to him,. This is far from being a un1versa11y accepted
maxim in an age in which ' ‘rational behavior"-is not always observed and many
industries.spend large sums .on advertising designed to alter consumer tastes
and preferences.

. .tDemand e]ast1c1ty est1mat1on genera11y requ1res extens1ve data analysis
which often fails to-clarify the extent to which the elasticity parameter .
estimate varies over certain ranges of prices and quantities. :
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ness of each policy instrument.

Like any model, this one has limitations. Specification problems
related to the parameters of the supply functions imposed the assumption
of unconstrained supply in both the packaging materials and consumer
product markets, That is, any producing industry may purchase, at a
given price, as much or as little of a given packaging material as
desired. Simi]arly, consumers may purchase any amount of a commodity
at the current product price,

A second Timitation is due to the incomplete specification of the
production function. Substitution between packaging and nonpackaging
materials in' response to changes in the price of packaging may affect
product prices, consumer demand, and the composition and quantity of
nonpackKaging solid waste. While we would have preferred to incorporate
these relationships into the packaging model, the problems of defining
the appropriate nonpackaging resources and the lack of quantitative data
on many of the factors precluded such an effort within this study. How-
ever, knowledge of the nonpackaging factors. may. modify the results and
conclusions of this analysis.

Thirdly, the response to a change in the price of a consumer product
1s cocnceptually treated in the model as a movement along the demand curve
for that commodity. A demand curve is defined as a schedule that holds .
the prices of all other goods constant. A packaging strategy, however,
simultaneously affects many consumer product prices and will therefore
cause a shift in the demand curve for a given commodity. Estimating the
degree of the shift (cross-price elasticity) is difficult with times series
data due tp the strong correlation of price data; hence, it was not pursued
in this study. The calculated change in consumption of a good will be an
overestimate or underestimate since the good is, in the aggregate, a substi-
tute or complement for other goods whose price has increased. '

- Despite the limitations, we believe that this study provides a useful
basis. for informed decisionmaking on the problem of packaging and also
ppovides_insight into the use of regulatory and fiscal measures to reduce
_envifonménta1 problems aésociated with solid waste generation. While
the estimates of the absolute change in packaging wastes are sensitive
to the restrictive assumptions of the model and should be cautiously
interprefed,,the results provide useful conclusions regarding the relative
effectiveness of the alternative policy instruments.
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4.2 Selection of Policy Instruments:
The selection for subsequent analysis of alternative regulatory

and fiscal (or price) policy instruments which may reduce some of the
undesirable environmental aspects of product packaging requires the use of
judoment. Since the perspective of this study is the entire range of pack-
aging, the instruments selected for analysis were those that have potentially
broad applications to the entire range'of packaging. The po]icy instruments
selected can be dfyided into two broad classes, regulatory and fiscal,
depending on’ whether they tend to dictate desired behavior through the

Taw (regu]atory) or induce it through the ‘market (fiscal).

4,21 Regu]at1ons ' o

Regu]at1ons have been the most common response of'government to
problefs in environmental quality. -Explicit regulations, supported by
effective enforcement, can induce the desired behavior by industry or
consumers. Because of the high level of predictability associated with
prdperfy'described and enforced regulations, they may be especially

Zapp11cab1e to so]1d waste problems when quick results are necessary.
7 There are, however, several drawbacks to regulations,
:"(a) They are difficult to write in "unambiguous’ language, and may
therefore be avoided or at least delayed through the Tegal channels.
¢ (b) Since obeying regulations is usually expensive, there is
"pressure‘tO'avoid regulations. As a result, the costs of effective
“administration and’ enforcement may be high compared to fiscal incentives.

(c) Regu]at1ons are frequent]y enforced in an erratic or even
Jax manner. ' e '

'(d) Assuming they are effective in dictating behavior, ‘requlations
do not promise to provide results at a minimum cost (ext]Uding administra-
tive and enforcement) to society. L ' '

One regulation that would hdve broad application to'packaging has -
been selected for ana]yéis. It is conceivable, however, that for a -
narrower definition of packaging, other regulations may be more appropriate.

" 4,2,1.1 Regulation Requiring the Use of Postconsumer Waste in Product

Packaging. The conservation of natural resources would be promoted and
the need for disposal sites reduced if there were greater recycling of
postconsumer waste, One way to promote recycling is to require it.
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Such an approach has been frequently proposed with respect to govern-
ment purchases, and could be extended to other sectors of the economy
if merited. | |

For example, government could require that all packaging incorporate
at least (x) percent recycled materials. The percentage could be uniform
across all packaging materials or reflect some assessment of the costs of
recycling.

Many industries already do recycle in that they recycle the in-plant
waste from cuttings, trimming, etc. back into the production process.
If these materials were included in the definition of "waste," it is
1ikely that the effect of the regulation would be simply to induce
greater production of in-plant waste to mept'the requirement. For this
reason "postconsumer" or municipal waste is the only waste product
considered in the analysis. Several uniform requirements are analyzed
in chapter 5.

4,2,2 Fiscal Incentives

Among the several types of fiscal incentives proposed for applica-

tion to problems in environmental quality, taxes are most often mentioned.

Taxes could be used ta promote source reduction of packaging and/or resource

recovery in packaging, thereby reducing the environmental problems associated

with the generatioh. co]]ectibn, anﬁ disposal of packaging solid waste.
Beginning with Pigou (ref. 1), economists have argued for the imposition

of a tax on the activities that créate external diseconomies (e.g., pollution).

This tax should be equal to the soc1a1 costs imposed on society by the act1v1ty

One problem frequently posed regard1ng the use of such taxes is the

Tack of data needed to estimate the magnitude of the social costs.

However, Baumol has recently argued for the establishment of standards

regarding the desired levels of enQironmenta1 quality and the imposition

of taxes on the offending activitiés sufficient to reach the standard.

He cites the case for the use of a gorrective tax over regulation, as

a means of meeting the standard, thus: "...it promises to be operationatl

because it requires far less information for its implementation. It

utilizes global measures and avoids direct controls with all of their

heavy administrative costs and their distortions of consumer choice and

inefficiencies. It does not use the police and the courts as the prime

instrument to achieve the desired modification of the outputs of the
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economy. Its effects are long 1ast1ng, not depending on the vigor of
an enforcement agency. wh1ch a]] too often proves to be highly transitory.
...it need not add to the mount1ng f1nanc1a1 ‘burdens of the state and
loca) governments. Finally, it can be shown’ that unlike any system
of direct contro]s, it promises, at least in principle, to achieve
decreases in pollution or other types of damage to the envi ronment at
minimum cost to society (ref., 2)."

The tax base selected should be the offensive characteristic of
the product. For example, the production'of electricity from fossil
fuels results in the generation of sulfur emissions. "If the purpose
of a tax is to reduce sulfur emissions, the tax should probably be placed on
sulfur, emjssionsvnot on electricity. Similarly, with respect to packaging, it
is first necessary to identifyrthe'dffehding characteristic of packaging
in ordervto‘se]ectﬁthe4proper base. Many alternative tax bases have
been spggested in the popular literature including: disposability,
degradabi]ity, energy content, natural resource content or mix,
potential for recycling, volume, and weight. For some of these bases,
the data do not exist. Other potential bases are difficult to define
meaningfu]1y and/or suffer from a lack of agreement as to desirability or
undersirability. For examp1e; the idea of taxing "disposability" has
been sugqested by several observers. However, disposability is not easily
measurab]e be1ng dependent on the material and the method of disposal.
Plastics mlght be considered disposable with incineration, yet in.a -
landfill they may remaih unaltered. But, even assuming that disposability
could be measured, is it desirable? 1Is it important that solid waste
degrade in a landfill? And if so, how important, i.e., how much should
society be willing to pay? Some maintain that it may be more desirable
if solid waste did not degtade so that landfills would form a more stable
base for bui]ding upoﬁ; or so that resources discarded today could be
"mined" at some future date. Lacking data or a persuasive case for
their selection, many posstb]e tax bases can be dismissed for this study.
Packagevweight‘and the units of packaging are two of the more frequently
used potential bases because data are available for these parameters and,
also, the social costs imposed on SOC1ety by packaglng are probably
correlated with we1ght or units. '

If taxes are used, they should be imposed at the point in the
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production process where the decisions are made that determine the
use of packaging. These are the package user industries. The
taxing authority could ascertain the materials the user industries
purchase by requiring that the manufacturer of the packaging material
adequately describe the material for tax payments purposes on the
shipping order or bill of lading.

The disbursement of tax revenues is a problem only if the revenues
.are earmarked for distribution to other levels of government or to
particular functions within the Federal Government. If the revenues
are not earmarked, they simply are put into the general fund and
treated Tike any other tax revenue. If they are earmarked, then the
problem is to develop a formula for distributing these revenues. The
formula might deal with the level of government that would receive the
distributed revenues, the population of the area, the average per capita
‘income and existing expenditures for solid waste disposal and collection.
Another problem in the distribution of the tax revenues is to insure
that these distributed revenues are used for the earmarked purposes.
If the earmarking requires that they be used for solid waste collection
and disposal, then there probably is no way to insure that they are
actually used for this purpose so long as the receiving governments
spend at least as much on solid waste operations. If the requirement
is that these distributed revenues be a supplement to actual local
expenditures, then some enforcement mechanism is necessary to see that
these funds actually increase expenditures on solid waste rather than
simply supplanting local funds.

One of the drawbacks to the use of taxes is the problem of pre-
dicting the outcome. While analysis prior to the institution of a
tax can provide an important starting point, the need for adjustment
in the tax rate should be anticipated.

Three possible tax bases are discussed below and analyzed in
chapter 5.

4,2,2.1 Two Taxes on Packaging Weight. A tax per pound or tonne
on all products, packaging included, has been proposed in several quarters
as a means of providing an incentive to producers to reduce the quantities
of packaging "which must ultimately be disposed of..." (ref. 3) and to raise
revenues to finance a more advanced solid waste management system.
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The tax could be imposed on all packaging regardless of the
materials used, imposed at different rates on different materials if
the social costs of materials are found to vafy among materials, or
only on the portion of the packaging that represents virgin materials
inputs, in order to encourage recycling.

A per tonne tax on packaging and a per tonne tax on the packaging
that excludes the portion consisting of materials recycled from post-
consumer waste are both analyzed in chapter 5. Several tax rates are
used to observe the sensitivity of the impacts of the tax to alternative
tax rates.

4.2.2.2 A Tax on Containers. A tax on the unit of rigid packaging

(container) has been suggested by some observers as a means of reducing
overpackaging and encouraging a shift to fewer, larger containers which
have more volume per unit of container weight than small containers.
Products such as toothpaste which are frequently packaged in a tube in
a box (for ease of stacking and protection of the tube from unsightly
dents or-punctures) would be taxed as two containers. The tax would

be neutral as to material types, whereas a tax on weight favors the
materials that have the highest cost per tonne.

Several tax rates using containers as a base have been selected
for analysis in order to provide a range of data on the responses
projected.

4,3 tethodology for Evaluating Policy Instruments

The approach used to evaluate the alternative packaging policy instru-
ments*is cost-effectiveness analysis. This approach implies the acceptance.
of the objectives of a proaram for controlling product packaging and
confines the analysis to determining the costs and dearee of effective-
ness of the policy instrument in promoting the objective.

The measures for evaluating the effectiveness of an instrument were
developed from the major Federal solid waste leaislation (refs. 4,5).
The measures for evaluating costs were based on economic theory. The
evaluations-are approached from the perspective of society as a whole.

4.3.1 - Measures for Evaluating Effectiveness

Two criteria are used to evaluate the effectiveness of the
alternative instruments: the projected impacts of the instruments on -
(a) the generation of packaging wastes and on (b) the utilization of
virgin materials by the packaging industries.
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4.3.1.1 Solid Waste Generation. The Solid Waste Disposal Act
. expresses, among other things, thé intent of Congress to promote the
conservation of natural resources by reducing the generation of solid
wastes. The Resource Recovery Act of 1970 specifically identifies
packaging as a component of solid waste where reductions are sought.

Packaging waste generation is measured as a flow per unit of time
(e.g., tonnes per year). Column 2 of table 19 summarizes the estimated
1970 rates of packaging wastes generation from residential sources.
‘Reductions in these rates would, all other things being equal, promote
the objectives of the legislation cited above.

4,3.1.2 Natural Resource Utilization. The conservation of
natural resources by reducing the generation of waste and by pro-
moting the recovery and utilization of potential resources in waste

is also a purpose of the acts cited above.

Resource utilization is measured as a flow per unit of time.
Column 3 of table 19 presents estimates of the 1970 rates of natural
resource utilization for production of the materials used to package
consumer products. Currently there is no significant recovery and reuse
of waste consumer product packaging materials. Promotion of the recovery
and reuse of the resources in solid waste for packaging consumer products
and reductions in the utilization of natural resources for packaging
applications would, all other things being equal, promote the objectives
of the Solid Waste Disposal Act and Resource Recovery Act of 1970,

4.3.2 Measures for Evaluating Costs

Costs are the losses to society attendant to the imposition of
a policy instrument. The major costs are the permanent losses due to higher
product prices. However, because employment impacts are always of
interest, this criterion is also included.

4.3.2.1 Product Prices and Consumer Surplus. From a perspective

‘of the welfare of society, prices have at least two important dimensions.
First, they affect the standard of living. Higher prices, all other
things being equal, mean reductions in the amount of goods and services
that consumers can purchase with a fixed income. Since the distribution
of consumption expenditures varies by income group, it can be anticipated
that the incidence of a packaging strategy that raises prices will

vary across income groups. As shown in table 20, lower income groups
spend proportionate1y more of their budget on food and tobacco than
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Table 19. Rates of solid waste generation and natural resource
utilization for consumer products packaging, 1970

Natural resource utilization

Solid waste Energy*
generation Raw materials (equivalent million
Packaying material  (thousand tonnes) (thousand tonnes) kilowatt-hours)
Paper 9,590 7,223 23,497
Plastics ~ 1,460 2,952 1,942
Glass - 10,203 12,025 26,334
Steel 5,989 9,760 19,374
Aluminum 516 2,962 8,859
Total 27,758 34,922 80,005

*For material manufacture,
tDoes not include waste paper.

Source: Solid waste data from Research Triangle Institute; natural
resource utilization data extracted from Table 2-3.

Pi;;??%égf LolestAv— 2 ? : J Highegt
24.0 25.1 27.8 13.4 6.8 2.0

Expenditure'catégory
I. . Food and tobacco 25.6 23.5 22.0 21.2 19.3 15.9
1i. Clothing, accessories, and jewelry 5.9 7.4 8.0 8.8 9.2 8.9
III. Personal care 2.4 2.4 2.3 2.2 2.1 1.7
IV. Housing 26.9 23.5 22.7 21.8 21.2 21.9
V. Household operation 14.0 12.6 12.5 12.0 12.0 12.4
VI. Medical care expenses . 7.1 5.5 5.2 4.9 4.9 4.5
VII. Personal business 2.3 3.8 4.7 5.3 5.6 6.0
VIII. Transportation 7.3 12.3 12.5 12.9 12.7 10.4
[X. Recreation 2.6 3.5 3.8 4.1 4.5 4.0
X. Private education and research 4 .5 7 .8 1.5 2.0
XI. Religicus and welfare activities 3.5 3.6 4.1 4.3 5.0 8.8
XI11. Foreign trayel and other, net 2.0 1.4 1.5 1.7 2.0 3.5
100.0 100.0 100.0 100.0 100.0 100.0

Source: ~ Oeveloped by the Research Triangle Institute from data presented in Bureau of Labor
Statistics, Survey of Consumer Expenditures, [1960-61.
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do the higher income groups. Lower, income groups also allocate larger
éhares of their incomes to consumption expenditures rather than savings
compared to higher income groups. Since the majority of packaging
is used to package food items, any strategy that raises the cost of
packaging in general is therefore 1ikely to weigh most heavily on
the Tower income groups.

Secondly, prices provide information about the value or worth of
products to consumers. For example, if a consumer is willing to pay
30 cents for a loaf of bread, then the bread must be worth at least
30 cents to him. If, however, the bread actually sells for 25 cents
per loaf, this consumer would be enjoying a "surplus" of 5 cents per
loaf, - '

The concept that shows the relationship between product prices
and a consumer's willingness to purchase a product is a demand curve.
Assume, for example, that we ask a consumer how many loaves of bread
he will purchase at prices of 60 cents, 50 cents, 40 cents, 30 cents,
20 cents, and 10 cents per loaf and that we array this information graph-
ically--assume perfect divisibility of prices and product. A demand
curve for bread for this individual can thus be constructed (see
figure 13). A market demand curve can be developed by horizontally
summing all individual demand curves. The area under this demand
curve is a measure of society's maximum value for the quantity in
question,.. In figure 14, that value is the sum of areas A, B, and C
for quantity Q]. Now assume a market price PO; the quantity purchased per
unit is QO and the total expenditures are area A. The total amount that
consumers would be willing to pay (A + B) minus what they do pay (A)
is a measure of the "“consumer surplus" (B) they enjoy. Higher prices
imply a reduction in consumer surplus. For example, suppose the effect
of a packaging strategy is an increase in price of a product from P0
to P] (fig. 15). The quantity purchased would decrease from Q
to Q]. Consumer surplus would decrease from A + B + C to C, or simply
by A + B. Part of the decrease (A) is due to the increase in expenditures
and is equal to the change in price times the amount still purchased.
The other part (B) of the decrease is that lost on the quantities no
longer purchased at the higher prices (Q0 - Q]).
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Fiqure 15. Losses in consumer surplus
from own-price increase.

The entire area (A + B) can be interpreted as the amount of money
that society would have been willing to pay to avoid the price increase
from P0 to P].

If the basis for the price increase was the imposition of a specific
tax, then the area of the rectangle A is a transfer of income from consumers
to government, and the triangle B is the only loss to society.

The implicit assumption is that the costs imposed on society by the
quantity QO - Q1 are at least equal to the area of trjangle B. In

the case of a regulation that increases product prices from P0 to P], the
‘entire area A + B (the total loss in consumer surplus) must be compared
with the benefits of reducing consumption from Q0 to Q1.

4.3.2,2 Employment. In an economy committed to achieving full
employment, reductions in the employment in some industries are expected
to be offset by increases in the employment in other industries as a
result of the application of the fiscal and monetary policy by the
Federal Government. Nevertheless, even transitory reductions in employ-
ment can create temporary hardships on those affected.
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4,3.3 Cost-Effect1veness Comparisons
The -independently prOJected values for the costs and effectiveness

of a policy instrument must be related in order to provide an estimate
of the net changes in the welfare of society. Theoretically, such an
estihate can be made by subtracting any costs created by the instrument
from the benefits that it generates.

The implication of the solid waste legislation -is that the price of
collection and disposal of solid waste and the prices of natural resources
do not reflect all the costs to society attendant to solid waste genera-
tion or natural resource utilization. If these services and products were
fully costed, there would be less waste generated and resources extracted.
However, the available data do not provide any satisfactory measure of
these social costs; hence, there is no completely satisfactory way of
valuing the measures of the effectiveness in dollar terms.

By dividing the cost of a policy instrument, measured in this study
as the losses in consumer surplus, by each value for each measure of
efféctfveness, it is possible, however, to provide a relative comparison
of the cost-effectiveness across policy instruments. Although it is not
possible to say whether society would be better off with or without a
policy instrument for controlling packaging, if the effectiveness of
two policy instruments are being compared, it is possible to identify
the policy instrument that provides benefits at the least cost per unit
of effectiveness. Since cost is successively divided by several values
for effectiveness, the resulting values are not additive.

4.4 “Packaging Model

A model of consumer products packaging has been developed to provide
quantitative estimates of some of the more significant impacts of various
regulatory and fiscal instruments. The model is a comparative statics one,
designed to compare "with and without" the policy instrument using 1970
values as a benchmark.

In its-simplest form, -the model consists of a set of inputs, outputs,
and a structure for generating the output estimates.

Although ‘the model is constructed to provide product-by-product-
analyses for the 30 consumer products used in this study, its primary
purpose is to provide aggregate estimates of the impacts of specific
instruments. Any implications for a particular product should be cautiously
interpreted.
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4.4.1° Model Input ]
The mode] is designed to accept as input one or more of the following

policy instruments applied to each of nine package material types: -

(a) A tax per tonne on packaging;

(b) A tax per unit on rigid packaging;

(c) A tax per tonne on packaging exempting recycled materials;

(d) A regulation requiring the use of a minimum amount of recycled
" materials in product packaging, by share of package weight.

4.4,2 Model Output

The output of the model consists of estimates of the values for the

following packaging system parameters before and after the imposition of
a policy instrument: '

(a) Weight of solid waste packaging by material;

(b) Weight of major virgin materials used in the manufacture of

- each packaging material;

(c) Weight of additional recycled materials used by material;

(d) Equivalent kilowatt-hours of energy used to produce each material;

(e) Employment in the packaging industries;

(f) Dollar value of tax revenues;

(g) Consumer expenditures for each consumer product;

(h) " Price increases in each consumer product;

(i) Losses in consumer surplus.

4.4,3 Model Structure

The packaging model consists of several interrelated elements that
transfer a policy instrument to estimates of the values for the output
parameters. A flow diagram is presented and the major elements of the
model are discussed in appendix C. ' |
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Chapter 5: ANALYSIS OF -REGULATORY AND FISCAL POLICY INSTRUMENTS

5,1 Introduction ) ‘
An analysis of the effectiveness. and costs of one regulation and three

fiscal policy instruments that have potential application to packaging is
presented in this'chapter._'The methodology and packaging model presented in
chapter 4 and appehdix C provides the basic framework for the analysis. It
should be reiterated here, howéver, that the measures of cost and effectiveness
used in this analysis are not all inclusive. Nor are the projected ihpacts
precise estimates; they are rather tendencies to move in various directions
toward the values estimated.

5.2 Regulation Requiring the Use of Postconsumer Waste in Product Packaging

Recycling of“postconsumer waste would tend to promote the conservation
of natural resources and lessen the need for solid waste disposal sites.

One way to promotezrecyc]ing'of solid waste by the packaging industriés is

to require that.all packaging be composed of a minimum amount (by weight)

of materials recycled from postconsumef waste. The regulation could be
specific by matériél and consumer product or could be applied broadly across
all packaging maxerials and consumer products., For this study, three uniform
reguiations havé_been examined: 10 percent, 20 percent, and 30 percent.

A regulation. to use pbstconsumek wastes in lieu of virgin materials
for the manufacture of packaging materials would raise the average cost of
raw materials inputs. The increase .in cost would depend on the differences
in costs of recjc]ed and vikgin materials and the 1eve1'of the regulation.
Because there éke no markéts in which postconsumer wastes are sold currently,
tentative supply functions were developed as described in chapter 4, The
projected impacts of these regulations should be cautiously interpreted.

The analysis indicates that each of the three regulations examined
would cause oﬁ]y minimal reductions in the use of packaging. The highest
reqgulation examined, 30 bercent, would reduce the total amount of packaging
only slightly more than 1 percent (see tables 21 and .22) because the regu-
lation, while. it would faiée the average cost of inputs to packaging materials
manufacture-as higher.cost recycled materials are substituted for virgin
materials, would have only a small effect on finished package costs. This
is because raw material inputs to packaging material manufacture account
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Table 21.. Consumption of packaging by consumer product, 1970:
Regulation requiring the use of recycled materials
(thousand tonnes)

Cbnsumer product

Recycling regulation
(percentage recycled materials as a
share of packaging weight)

10 20 30

Baked Goods (1) 734 729 723
Dairy Products (2) 1,138 1,132 1,127
Frozen Foods (3) 456 456 456
Fresh and Cured Meat (4) 1,484 1,483 1,481
Fresh and Cured Fish and Seafood (5) 34 34 34
Fresh and Cured Poultry (6) 204 203 203
Produce (7) 736 731 725
Distilled Spirits (8) 796 796 796
Wine (9) 285 285 285
Beer (10) 3,022 3,021 3,019
Soft Drinks (11) 4,184 4,180 4,176
Prepared Beverages (12) 1,140 1,137 1,135
Candy and Chewing Gum (13) - 266 264 263
Canned Foods (14) 3,302 3,265 3,229
Cereals, Flours, and Macaroni (15) 101 101 10
pet Foods (16) 2713 2N 269
Tobacco Products (17) 246 246 246
Other Foods (18) 1,919 1,909 1,899
Soaps and Detergents (19) 571 57 57
Other Cleaning Supplies (20) 96 96 - 96
Pesticides (21) 16 16 16
Other Household Supplies (22) 234 233 232
Packaged Medications (23) 274 273 273
Oral Hygiene Products (24) 129 129 129
Cosmetics and Hand Products (25) 180 180 179
Hair Products (26) 269 269 269
Shaving Products (27) 122 122 121
Other Beauty Aids (28) 364 357 351
Other Health Aids (29) 797 797 797
Other General Merchandise (30) 4,301 4,301 4,300
Total 27,672 27,585 27,499

Source: Research Triangle Institute
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Tab1e722. Reductions in the consumption of packaging by consumer product,
1970: Regulation requiring the use of recycled materials
(percentage decrease in the weight of packaging)

Recyc]ing-regu1étion
. : (percentage recycled materials as
Consumer product a share of packaging weight)

10 20 30

(=<}

Baked Goods (1)

Dairy Products (2)

Frozen Foods (3)

Fresh and Cured Meat (4)
‘Fresh and Cured Fish and Seafood (5)

Fresh and Cured Poultry (6)

Produce (7)

Distilled Spirits (8)

Wine (9) |

Beef'(]O)'d

‘Soft Drinks (11)

Prepared Beverages (12)

Candy.and Chewing Gum_(13)

Canned Foods (14)

#Cereals, Flour, and Macaroni (15)

Pet Foods (16)

Tobacco Products (17)

‘Other Foods (18)

Soaps and Detergents (19)
.Other Cleaning Supplies (20)
~ Pesticides (21)

Other Household Supplies (22)
'Packaged Med{cations'(23)

Oral- Hygiene Products (24)
“Cosmetic and Hand Products (25)

Hair Products (26)

Shaving Products (27)

Other Beauty Aids (28)

Other Health Aids (29)

Other General Merchandise (30)

- Total '
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for only a small share of total costs; except for plastics, the share 1s
less than 10 percent; the remainder of cost is due to processing and
fabrication. '

Based on the supply functions for recycled materials in the packaging
model, the raw material costs of steel and paper would be most sensitive
to a regulation to use postconsumer waste in product packaging. A regulation
of 30 percent for example, would increase the raw material costs of steel by
172 percent and those of paper 135 percent (table 23). The raw material cost
of aluminum, on the other hand, shows the smallest increase, 11 percent for
a 30 percent regulation; plastics and glass raw material costs are increased
57 and 90 percent, respectively. However, taking into account both the
increase in the raw material costs and the share that these costs represent
of finished packaging costs, plastics costs are most affected, aluminum and
paper the least. The effect of the regulation, then, should be a better
competitive position of aluminum and paper against the other three materials;
steel and glass would maintain their same position relative to each other,
while the position of plastics would fall relative to all materials.

The distribution of the reductions in the use of packaging due to the
increase in raw materials costs is shown in table 24, The reductions consist
of those caused by decreases in the utilization of packaging for a consumer
product (substitution effect) and those caused by decreases in the quantity
demanded of a product by consumers as a result of the increase in product
prices (consumption effect). The substitution effect is most responsible
for reductions in the use of packaging for Other Beauty Aids, Baked Goods,
Produce, and Pesticides as producers reduce packaging and/or substitute
lighter for heavier packaging. The consumption effect is most responsible
for the reductions in consumer purchses of Canned Foods, Pet Foods, Candy
and Chewing Gum, Other Household Supplies, and Cosmetics and Hand Products.

5.2.1 Effectiveness

The QUantities of reductions of wastes and resource utilization are

summarized in table 25, )

5.2.1.1 Solid Waste Generation. The regulation is expected to cause
only minimal reductions in the generation of packaging wastes because of the
small impacts on packaging costs. For the highest regulation evaluated, 30
percent, the annual reduction is projected at 259,000 tonnes (table 26), or
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Table 23. Projected increases in the cost of .raw material inputs,
1970: requirement to use recycled materials

Average cost Recycling regulation

" Average cost per

L9 per tonne (percentage recycled materials as
;:gleni?;r;g of finished ;‘;’,‘;’e‘%‘a’f 1':‘;“5' a share of packaging weight)
: packaging, dollars :
- dollars . BN 10 : 20 ' 30
Paper ‘a8 6 44.9 89.6 134.5
Plastics 1,297 T34 19.1 38.2 57.2
. Glass 204 16 5.6 16.8 89.6
Steel . 625 25 57.4 114.8 171.9 -
Aluminum 1,015 81 3.5 7.0 10.5

Source: Research Triangle Institute.

Table 24. Distribution of the reductions in packaging between the
consumption’ and substitution effects: Requirement to use recycled materials
- (percentage share)

e 7 S S S+ Ry S £ A AT LS e e E 4 e T T § T A2 e Y A S o a—— e v i
Rccychno requlation o
(percentage recycled materials as
a_share of packaning weiaht)

Consumer product ' 10 20 30
. Consumption Substitution Consumption Substitution Consumption Substitution
effect . effect effect effect effect effect
Baked Goods (1) ' 1.4 88.6 1.5 88.5 n.s 88.5
Dairy Products (2) 32.0 68.0 31.3 68.9 na . 68.9
Frozen Foods (3)° : 0.0 0.0 0.0 0.0 0.0 0.0-
Fresh and Cured Meat (4) . 30.8 69.2 3.6 65.4 33.3 66.7
Fresh and Cure-d'F.‘ish and Seafood (5) 42.9 57.1 43.9 56.1 43.3 " 56.7
Fresh and Cured.Poultry (6) . 15.0 85.0 17.9. 82.1 16.9 83.1
Produce (7) ~ - o : 14.7 85.3 - 141 85.9 13.9 86.1
Distilled Spirits (8) 100.0 0.0 100.0 0.0 100.0 0.0
Wine (9) 0.0 0.0 0.0 0.0 0.0 0.0
Beer (10) 100.0 0.0 100.0 0.0 100.0 0.0
Soft Drinks {11) ) 100.0 0.0 100.0 0.0 100.0 0.0
Prepared Beverages (12} : © 1 100.0 0.0 100.0 7 0.0 160.0 0.0
Candy and Chewing Gum (13) " 68.5 31.5 68.5 3.5 - © 67.9 2.
Canned Foods (14) 100.0 0.0 100.0 0.0 100.0 0.0
Czreals, Flour, and Macaroni (15) 33.3 66.7 32.0 68.0 29.7 70.3
Pet foods (16) 100.0 0.0 100.C 0 100.0 0.0
Tobacco Products (17) ) ' 100.0 0.0 100.0 .0 100.0 0.0
Other Foods (18) 0 48 51.9 47.7 52.3 48.1 $1.9
Soaps and Detergents (19) 0.0 0.0 0.0 0.0 0.0 0.0
Other Cleaning Supplies (20) ) 0.0 100.0 0.0 100.0 0.0 100.0
Pesticides (21) N 7.3 l92.7 7.4 92.6 7.4 92.6
Other Household Supplies (22) 100.0 0.0 100.0 0.0 100.0 0.0
Packaged Medications (23) 54.5 45,5 54.5 45.5 54.5 45.5
Oral Hygiene Products (24) ' 0.0 0.0 - 0.0 0.0 0.0 0.0
Cosmetics and Hand Products (25) 100.0 0.0 100.0 0.0 99,0 1.0
Hair Products (26) _ 0.0 0.0 . 0.0 0.0 " 0.0 0.0
Shaving Products (27) 100.0 0.0 100.0 0.0 100.0 0.0
Other Beautry Aids (28) : 54.7 45.3 54.4 45.6 . 54.0 46.0
Other Health Aids (29) - 0.0 0.0 0.0 0.0 0.0 0.0
Other General Merchandise (30) 0.0 100.0 0.0 100.0 0 100.0

Source: FResearch Triangle Institute.
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~ Table 25. Summary of effectiveness, 1970:
Regulation requiring the use of recycled materials

Recyé]ing regulation
(percentage recycled materials as

Measures of effectiveness a share of packaging weight)

10 20 30
Reductions in solid waste generation
(thousand tonnes)- 87 173 259
Increases in the consumption of post-
consumer waste materials
(thousand tonnes) 2,774 5,529 8,272
Reductions in raw materials
consumption (thousand tonnes) (4,191) (8,352) (12,486)
Paper packaging 1,015 2,033 3,025
" Plastics packaging 305 606 907
Glass packaging 1,232 2,459 3,681
Steel packaging 1,338 2,663 3,973
Aluminum packaging 301 601 900
" Reduction in energy utilization
(equivalent million kWh) (247) (494) (740)
Paper packaging 68 135 202
Plastics packaging 7 14 20
Glass packaging 60 121 181
Steel packaging ’ 95 190 285
Aluminum packaging 17 35 52

Source: Research Triangie Institute.

Table 26. Reductions in solid waste generation, 1970:
Regulation requiring the use of recycled materials
(thousand tonnes)

Recycling regulation
(percentage recycled materials as

Packaging a share of packaging weight)
material .
10 - 20 30
Paper 28 . 55 82
Plastics 5 10 15
Glass 23 47 70
Steel 29 59 88
Aluminum 1 2 3
Total 87 173 259

Note: Due to rounding, sums of columns may not
equal totals shown.

Source: Research Triangle Institute.
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1 percent of the total generation of packag1ng wastes pr1or to a regu]at1on
The largest reductions are prOJected in the amounts of glass, stee1, and
paper packaging, which, combined account for 95 percent of the total reductions.
The usage of p]ast1cs and a]um1num for packaging is only s11qht1y affected by
the higher raw material costs.

Substantial increases are projected, however, in the use of postconsumer
waste materials. ' For exampie, with a regulation of 30 percent, the packaging
industries are brojected to'consume'8,272,000 tonnes of materials, at 1970
rates, from postconsumer waste (table 27). This amount is equal to 30 percent
of the total amount of dis¢arded packaging. The greatest increases would be
in the use of cullet, waste paper, and scrap steel since these materials. are
the major packaging materials.

5.2.1.2 MNatural Resource Utilization. The utilization of natural

resources for packaging materials manufacture would decline in almost direct
proportion to the level of the regulation. Largest reductions in natural
resource utilization would be for glass sand, wood pulp, and iron ore and
agglomerates (table 28), The largest energy savings are reported for paper
and glass manufacture. However, all estimates of energy savings are over-

~stated since the use of energy for recycling solid waste is not included in
the estimates. | ' |

Table 27. Increases in the consumption of postconsumer waste materials for
product packaging, 1970: .Reg.:lation requiring the use of recycled materials
(thousarc +onnes)

Recvctea roaulation
(percentage recycled materials as

Packaging a share of packaging weight)

material

. 10 20 30
Waste paper - 956 1,907 2,852
Waste plastics 145 o290 433
Cullet 1,018° 2,031 3,040
Steel scrap 596 1,186 1,770
Aluminum scrap Y 118 o 177

Total - - . 2,774 5,529 8,272

Source: Research Triangle Institute.
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Table 28. Reductions in natural resource consumption, 1970:
Regulation requiring the use of recycled materials
(thousand tonnes)

Recycling regulation
(percentage recycled materials as

';:3:?1?9 Natura) resource inputs a share of packaging weight)
10 20 30
Paper Raw materials
Wood pulp 657 1,311 1,960
Waste paper 274 545 816
Chiorine 13 26 38
Caustic 15 29 a4 -
Soda ash 8 16 23
Sodium sulfate 32 65 ' 97
Lime ] 16 3 47
Energy (equivalent million kdh) 68 135 202
Plastics Raw materials
NLG feed stocks 182 363 543
Field condensates " .2 32
Refinery feed stocks 12 222 332
Energy (equivalent miilion kWh) 7 14 20
Glass Raw materials
Glass sand 694 1,385 2,073
Limes tone ‘ 227 453 678
Soda ash 226 451 675
Feldspar 19 158 236
Prepared saltcake 1 2 3
Water for dust control 5 10 16
Energy (equivalent million kWh) 60 11 181
Steel Raw materials
Iron ore and agglomerates 617 i,ZZB 1,832
Scrap 313 624 93}
Coke 248 493 736
Fluxes 142 283 422
Mi11 cinder and scale 18 35 52
Enerqy (equivalent million kkh) 95 190 285
Aluminum Raw materials
Bauxite 2N 460 689
Lime makeup 6 12 19
Soda ash makeup 25 1 76
Petroleum coke 27 54 80
Pitch 9 17 26
Cryolite 2 4 6
Aluminum trifluoride 1 3 4
Energy (equivalent miliion kWh) 17 35 §2
Summary
totals
Weight of raw materials (thousand tonnes) 4,191 8,352 12,486
Amount of energy (equivalent million kWh) 247 494 740

Source: Research Triangle Institute.
Note: Oue to rounding, sums of columns may not equal totals shown.
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5.2.2 Costs

The prices df all consumer prices are expected to increase only
moderately, usually less than 1 percent even at the highest regulation
(30 percent). The average increase, as shown in table 29, using 1970
current consumptibn‘expendituré distribution of weighting is only 0.2
percent for the 30 hercent regulation. The products whose prices would
be most sensitive are Canned Foods, Soft Drinks, and Pet Foods because
of the 1arge“share of steel can cost in their total packaging costs.

The losses in consumer surplus due to higher prices average about
$1, $2, and $3 per capita at 1970 rates for the three regulations (10,
20, 30 percent), respectively (table 30). The largest losses in con-
sumer surplus are projected for consumers of Other General Merchandise
and Canned Foods. Employment losses are estimated at 4,000 for the 30
percent reqgulation. However, increases in employment in the recycling
industries are not included.

5.2.3 Cost-Effectiveness Comparison

The cost. of the regulation is the estimated loss in consumer surplus
(table 31). The physical measures of effectiveness have each been divided
into costs in order to provide a relative measure of the cost of providing
the various benefits. Since no attempt has been made to allocate the costs
across the measures of effectiveness, the cost per unit of effectiveness
values are not‘additive. For all three recycling regulations the cost
per unit of effectiveness is fairly constant.

5.3 Two Taxes on_Packaging Weight (Fiscal Incentive)

A tax on the weight of packaging would tend to reduce the quantitites
of packaging utilized for packaging consumer products, thereby conserving
natural resodrtes and reducing the solid waste mahagement costs. It would
also raise revenue. If the portion of packaging representing recyé]ed
materials were not taxed, then for any tax rate, less reductions in solid
waste and greater reductions in natural resource utilization would be
expected in comparison to a tax without the exemption. Both possible tax
bases are analyzed here. '

The unit of weight on which the tax is assumed to be imposed is the
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Table 29, Increases in the’ consumer product prices, 1970:
Regulation requiring the use of recycled materials
(percentage increases)

Recycling regulation
(percentage recycled materials as

Consumer product a share of packaging weight)

| ' 10 20 30
Baked Goods (1) 0.10 0.19 0.29
Dairy Products (2) 0.06 0.12 0.18
Frozen Foods (3) 0.07 0.14 0.20

.03 0.07 0.10
03 0.07 0.10

Fresh and Cured Meat (4)
Fresh and Cured Fish and Seafood (5)

Fresh and Cured Poultry (6) .03 0.06 0.09
Produce (7) .08 0.15 0.22
Distilled Spirits (8) .02 0.04 0.05
Wine (9) .02 0.04 0.06
Beer (10) .27 0.54 0.81

Soft Drinks (11)

Prepared Beverages (12)

Candy and Chewing Gum (13)
Canned Foods (14)

Cereals, Flour, and Macaroni (15)
Pet Foods (16)

.46 0.91 1.37
K 0.27 0.40
17 0.34 0.50
.55 .1 1.66
.04 0.09 0.13
.37 0.74 .

O O O O O 0O OO OO0 O 0O OO0 OO O OO OO OOLOOO OO OO

Tobacco Products (17) .03 0.05 0.08
Other Foods (18) .22 0.44 0.66
Soaps and Detergents (19) .30, 0.59 0.89
Other Cleaning Supplies (20) .18 0.35° 0.53
Pesticides (21) .0 0.02 - 0.03
Other Household Supplies (22) .08 0.17 0.25
Packaged Medications (23) .05 0.09 0.13
Oral Hygiene Products (24) .05 . 0.10 0.15
Cosmetics and Hand Products (25) .16 0.33 0.49
Hair Products (26) .15 0.30 0.44
Shaving Products (27) 14 0.28 0.42
Other Beauty Aids (28) .27 0.54 0.80
Other Health Aids (29) .07 0.13 0.20
Other General Merchandise (30) .03 0.07 0.10

.07 0.14 0.20

Weighted average

Source: Research Triangle Institute
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Table 30. Consumer surplus losses and employment reductions, 1970:
Requlation requiring the use of recycled materials

Recycling regulétion
(percentage recycled materials as a
sharé of packaging weight)

10 20 30

Consumer surplus losses (million dollars)

Baked Goods (1) $ $ 17 $ 25

8

Dairy Products (2) 7 15 22
Frozen Foods (3) 4 8 n
Fresh and Cured Meat (4) 8 15 23
Fresh and Cured Fish and Seafood (5) O 0
Fresh and Cured Poultry (6) ' ] 2 3
Produce (7)- 8 16 23
Distilled Spirits (8) 1 3 4
Hine (9) 0 1 ]
Beer (10) 17 34 51
Soft Drinks (]]). 14 29 43
Prepared Beverages (12) 4 7 n
Candy and Chewing Gum (13) 5 9 14
Canned Foods (14) 34 67 100
Cereals, Flour, and Macaroni {15) 1 2 3
Pet Foods (16) 4 8 1"
Tobacco Products (17) 2 5 7
Other Foods (18) 15 30 45
Soaps and Detergents (19) 5 10 15
Other Cleaning Supplies {(20) 2 3 5
Pesticides (21) 0 0 0
Other Household Supplies (22) 2 4 6
Packaged Medications (23) 1 1 2
Oral Hygiene Products (24) 0 1 1
Cosmetics and Hand Products (25) 1 3 4
Hair Products (26) 2 4 5
Shaving Products (27) ] 2" 3
Other Beauty Aids (28) ] 3 4
Other Health Aids (29) 2 4 6
Other General Merchandise (30) 65 13 196

Total $216 $431 $645

Employment reductions (thousands)

Paper 0 0 0
Plastics 0 0 0 \
Glass ] ] 2
Steel 0 1 1
Aluminun 0 0 0

Total 1 3 4

Source: Research Triangle Institute.
Note: Due to rounding, sums of columns may not equal totals shown.
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tonne. The four tax rates used and conversions to English units are shown
below: ' o

$10/tonne (Z 0.5 cents/pound) -

$22/tonne (= 1.0 cents/pound)

$50/tonne (= 2.3 cents/pound)

$100/tonne (- 4.5 cents/pound)

Table 31. Cost-effectiveness comparison, 1970:
Regulation requiring the use of recycled materials

Recycling regulation
(percentage recycled materials as a
share of packaging weight).

10 20 30
Cost
Loss in consumer surplus
(million dollars) ‘ $216 $431 $645
Cost/Effectiveness

Reductions in solid waste generation

(dollars per tonne) 2,482 2,491 2,490
Increases in the consumption of

postconsumer waste materials

(dollars per tonne) 78 78 _ 78
Reductions in raw materials con-
sumption (dollars per tonne) (52) (52) (52)
Paper packaging 212 212 213
Plastics packaging 708 711 1
Glass packaging 175 175 175
Steel packaging 161 162 162
Aluminum packaging 718 717 17
Reduction in energy utilization
(dollars per thousand kWh) 874 872 872

Source: Research Triangle Institute
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A tax on packaging with the exemption for recycled materials would
shift the demand for recycled materials, possibly causing the substitution
of.recyc]ed for virgin materials. Because of the tentative nature of the

.demand and supply functions for recycled materials developed in appendix C,
" these results should be interpreted as the type of incentive effects such
a tax could have.

At tax rates up to $22, the reductions in the use of packaging would
be small, less than 2 percent. For all tax rates, the tax without the
exemption causes more reductions in the use of packaging than. the tax with
the exemption. In the aggregate, however, the differences are not very
significant., The consumer products whose packaging would be most sensitive
to a tax on weigh% are Fresh and Cured Fish and Seafood, Pesticides, Other
Beauty Aids, and Baked Goods (tables 32 through 35).

As shown. in table 36, as the tax rate is increased, first glass then
~the other materials except plastics would be recycied into packaging.
Plastics are not recyvcled due td the high supply price'used in the model.
| Most of the reductions in péckaging are due to shifts in packaging and

.hot to reductions in consumer spending on packaged products (tables 37 and
38).

5.3.1. Effectiveness

The quantities of reductions of wastes and resource utilization are
_Summarized in tables 39 and 40.. .

: 5.3.1.1  Solid Waste Generation. A tax on packaging of $22 per tonne

is projected to reduce packaging waste generation 395,000 to 441,000 tonnes
-annua11y, depending oh whether recycled materials are exempted or not (tables
41 and 42). Most of the reduction would be for paper, glass, and steel.

| If recycled materials are exempted, the increase in the consumption of
‘postconsumer waste materials would be 14 times greater than the reductions

in solid waste generation for a $22 per tonne tax. Glass would be recycled
~in the greatest quantitites (table 43).

5.3.1.2» Natural Resource Utilization. With a tax on packaging, the

only source of reductions in natural resource utilization is due to the
reductions in the use of packaging. If recycled materials are exempted,
then an additional source of reductions in natural resource utilization
s bossib}e-fthe substitution of recycled for virgin material inputs to
backaging manufacture. As shown in tables 44 and 45, the tax with the
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Table 32. Consumption of packaging by consumer product 1970:
Tax on packaging
(thousand tonnes)

Tax rate (dollars per tonne of packaging)

Consumer product $10 $22 $50 $100
Baked Goods (1) 721 698 645 550
Dairy Products (2) 1,127 1,107 1,061 982
Frozen Foods. (3) 456 456 456 456
Fresh and Cured Meat (4) 1,480 1,473 1,457 1,428
Fresh and Cured Fish and Seafood (5) 33 31 27 - 21
Fresh and Cured Poultry (6) 203 201 197 195
Produce. (7) : 724 - 703 653 ' 565
Distilled Spirits (8) 796 795 794 791
Wine (9) : 285 285 ' 285 285
Beer (10) 3,021 3,018 3,010 2,995
Soft Drinks (11) 4,177 4,163 4,132 4,077
Prepared Beverages (12) 1,135 1,127 1,107 - 1,073
Candy and Chewing Gum (13) 265 262 256 246
Canned Foods (14) 3,302 3,259 3,159 2,981
Cereals, Flour, and Macaroni (15) 101 100 99 98
Pet Foods (16) 273 272 268 261
Tobacco Products (17) - ‘ 246 246 246 245
Other Foods (18) 1,875 1,811 1,663 1,410
Soaps and Detergents (19) 571 571 571 571
Other Cleaning Supplies (20)- - 95 94 92 87
Pesticides (21) 15 14 13 1
Other Household Supplies (22) 234 233 231 227
Packaged Medications (23) - 273 271 "~ 268 263
Oral Hygiene Products (24) 129 129 129 129
Cosmetics and Hand Products (25) 180 179 177 - 173
Hair Products (26) 269 269 269 269
Shaving Products (27) 122 122 121 119
Other Beauty Aids (28) 352 331 289 227
Other Health Aids (29) - 797 797 797 797
Other General Merchandise (30) 4,301 4,301 4,300 4,299

Total - 27,557 27,318 26,770 25,828

Source: Research Triangle Institute.
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Table 33. Consumption of packag1nq by consumer-product, 1970:
Tax on packag1ng with exemption for recycled materials
. (thousand tonnes)

Tax rate (dollars per tonne of packaging)

Consumer product $10 $22 450 $100

Baked Goods (1) 721 698 657 591
Dairy Products (2) 1,127 1,107 1,072 1,016
Frozen Foods (3) | 456 456 456 456
Fresh and Cured Meat (4) 1,480 - 1474 1,461 1,440
Fresh and Cured Fish and Seafood (5) 33 31 28 24
Fresh and Cured Poultry (6) 203 201 198 195
Produce (7) 724 703 665 603
Distilled Spirits (8) 796 795 795 793
Wine (9) 285 285 285 285
Beer (10) . 3,021 3,019 3,013 3,005

" Soft Drinks (11) 877 "4,169 4,151 4,120
‘ Prepared Beverages (12) 1,135 1,130 1,119 1,099
Candy and Chewing Gum (13) 265 263 258 250
Canned Foods (14) ' : 3,303 3,266 3,185 3,061

" Cereals, Flour, and Macaroni (15) 101 100 100 98
* Pet Foods (16) 273 272 268 263
Tobacco Products (17) 246 206 246 245
Other Foods (18) 1,877 1,835 1,748 1,601
Soaps and Detergents (19) 571 571 571 571

~ Other Cleaning Supplies (20) | 95 94 92 89
Pesticides (21) 15 15 14 12
Other Household Supplies (22) 234 233 231 228
Packaged Medications (23) | 273 272 270 266
Oral Hygiene Products (24) 129 129 129 129
Cosmetics and Hand Products (25) 180 180 178 176

~ Hair Products (26) . 269 269 269 269
Shaving Products (27) ' 122 122 121 120
Other Beauty Aids (28) 382 333 301 255

~ Other Health Aids (29) 797 797 797 797
" QOther Generé] Merchandise (30) 4,301 - 4,301 4,300 _ 4,299
Total 27,561 27,363 - 26,975 26,357

Source: Research Triangle Institute.
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Table 34. Reductions in the comsumption of packaging by consumer product; 1970:
-+ Tax on packaging ‘

(percent) |
Tax rate (dollars per tonne of packaging)
Consumer product $10 $22 $50 $100
Baked Goods (1) 2.6 5.7 2.9 -~ 25.7
Dairy Products (2) 1.5 3.2 7.2 14.2
‘Frozen Foods (3) ' 0 0 0 -0
Fresh and Cured Meat (4) 0.4 0.9 2.0 3.9
Fresh and Cured Fish and Seafood (5) 4.3 9.5 21.0 - 37.7
Fresh and Cured Poultry (6) 0.7 1.4 - 3.3 4.4
" Produce (7) 2.4 5.3 12.0 23.8
Distilled Spirits (8) 0.1 0.1 0.3 0.6
Wine (9) 0 0 0 0
Beer (10) 0.1 0.2 0.5 1.0
Soft Drinks (11) 0.3 0.6 1.3 2.7
~ Prepared Beverages (12) 0.6 1.3 3.0 6.0
Candy and Chewing Gum (13) 0.8 1.8 4.1 8.0
Canned Foods (14) 1.1 2.4 5.4 0.7
Cereals, Flour, and Macaroni (15) 0.4 0.8 1.8 3.5
Pet Foods (16) 0.5 1.1 2.4 4.9
Tobacco Products (17) 0 0.1 0.2 0.5
Other Foods (18) 2.8 6.2 13.8 27.0
Soaps and Detergents (19) 0 0 0 0
‘Other Cleaning Supplies (20) 2.1 4.9 9.7
Pesticides (21) 4.3 9.4 21.0 32.0
Other Household Supplies (22) 0.3 0.7 1.7 3.3
Packaged Medications (23) 0.4 0.9 2.1 4.
Oral Hygiene Products (24) 0 0 0 0
Cosmetics and Hand Products (25) 0.4 1.0 2.2 4,3
Hair Products (26) 0 0 0 0
Shaving Products (27) 0.3 0.7 1.5 2.9
Other Beauty Aids (28) 4.9 10.4 21.9 38.5
Other Health Aids (29) 0 0 ' 0 0
‘Other General Merchandise (30) 0 0 ' 0 0.1
Total : 0.7 .16 3.7 7.5

Source: Research Triangle Institute.
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Table 35. Reductions in the consumption of ‘packaging by consumer producf, 1970:
Tax on packaging’with exemption for recycled materials
(percent)

Consumer product

Tax rate (dollars per tonne of packaging)

$10 $22 $50 $100
Baked Goods (1) 2.6 5.7 11.0 20.2
Dairy Products (2) 1.5 3.2 6.0 1m.2
Frozen Foods (3) 0 0 0 0
Fresh and Cured Meat (4) 0.4 0.9 1.7 3.1
Fresh and Cured Fish and Seafood (5) 4,3 9.0 18.4 30.1
Fresh and Cured Poultry (6) . 0.7 . 1.4 2.8 4.3
Produce (7) 2.4, 5.3 10.4 18.7
Distilled Spirits (8) 0.1 0.1 0.2 0.4
Wine (9) | 0 0 0 0
Beer (10) 0.1 0.2 0.4 0.7
Soft Drinks (11) 0.3 0.5 0.9 1.6
Prepared Reverages (12)- 0.6 1.0 2.0 3.7
Candy and Chewing Gum (13) 0.8 1.8 3.6 6.4°
Canned Foods (14) 1.1 2.2 4.6 8.3,
Cereals, Flour, and Macaroni (15) 0.4 0.8 1.5 2.8
Pet Foods (16) 0.5 1.1 2.3 4.2.
Tobacco Products (17) 0 0.1 2 0.4
Other Foods (18) | 2.7 4.9 9.4 17.0
Soaps and Detergents (19). _ 0 0 0 0
Other Cleaning Supplies (20) - 3 2.1 4.2 7.6
Pesticides (21) | 4 6.7 12.6 23.1
Other. Household Supplies' (22) 0.3 0.7 1.4 2.6
Packaged Medications (23) 0.4 0.8 1.5 2.8
Oral Hygiené:Produqts (24) 0 0 0 0
Cosmetics and Hand Products (25) 0.4 0.7 1.5 2.7
Hair Products (26) 0 0 0 0
Shaving Products (27) 0.3 0.5 ] 1.8
Other Beauty Aids (28) 4.9 10.0 18.8 31.1
Other Health Aids (29) - 0 0
Other General Merchandise (3Q)_ 0 0.1
Total '" 0.7 1.4 2.9 5.3

Source: Research Triangle Institute.
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Table 36. Share of recycied materials 1npﬁt§ to packaging, 1970:

Tax on packaging with ex

emption for recy¢

led materials

(percent)

Packaging Tax rate_ (dollars ber tonne of packaging )
material $10 $22 $50 $100
Paper 0 8.0 30.0 30.0
Plastics 0 0 0 0
Glass 38.0 50.0 50.0 50.0
Steel 0 1.0 12.0 32.0
Aluminum -0 8.0 45.0 45.0

Source: Research Triangle Institute.

Table 37. Distribution of the reductions in packaging between the
consumption and substitution effects:
(percentage share)

Tax on packaging

Tax rate (dollars per tonne of packaging)

Other General Merchandise (30)

Consumer product $10 $22 $50 $100

c* S* c* S* c* S* c* S*
Baked Goods (1) 3.1 96.9 2.8 97.2 2.4 97.6 1.8 98.2
Dairy Products (2} 15.6 84.4 15.6 84.4 14.6 85.4 13.0 87.0
Frozen Foods (3) 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0
Fresh and Cured Meat (4) 20.0 80.0 21.8 78.2 20.7 79.3 20.4 '79.6
Fresh and Cured Fish and Seafood (5) 3.9 96.1 3.5 96.5 2.8 97.2 1.9 98.1
Fresh and Cured Poultry (6) 9.1 90.9 9.7 90.3 9.5 90.5 13.8 86.2
Produce (7) 4,1 -95.9 3.8 96.2 3.3 96.7 2.6 97.4

Distilled Spirits (8) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0 .
Wine (9) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Beer (10) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Soft Orinks (11) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Prepared Beverages (12) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Candy -and Chewing Gum (13) 25.3 74.7 24.9 75.1. 24.0 76.0 22.8 77.2
Canned Foods (14) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Cereals, Flour, and Macaroni (15) 11.4 88.6 1.7 88.3 10.9 89.1 10.6 89.4
Pet Foods (16) 7 100.0 0.0 100,0 0.0 100.9 0.0 100.0 " 0.0
Tobacco Products (17) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Other Foods (18) - 1.3 '+ 88.7 10.5 89.5 9.2 90.8 6.9 93.1
Soaps and Detergents (19) 0.0 0.0 0.0 ‘0.0 0.0 0.0 0.0 - 0.0
“Other Cleaning Supplies (20) 0.0 100.0 0.0 100.0 0.0 100.0 0.0 .100.0
Pesticides (21) 2.6 97.4 2.0 98.0 1.0 99.0 0.3 99.7
Other Household Supplies (22) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Packaged Medications (23) 53.7 46.3 53.8 46.2 53.2 46.8 52.6 47.4
Oral Hygiene Products (24) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cosmetics and Hand Products (25) \ 97.7 2.3 97.9 2.1 98.1 1.9 98.1 1.9
Hair Products (26) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Shaving Products (27) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Other Beauty Aids (28) 42.3 57.7 40.3 59.7 35.6 64.4 26.6 73.4
Other Health Aids (29) 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0
0.0 100.0 0.0 100.0 0.0 100.0 0.0 100.0

*C = Consumption; S = Substitution,
Source: Research Triangle Institute.
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Table 38.

consumptior and substitution effects:
with exemption for recycled materials
(percentage share)

Tax on packaging

Distribution of the reductions in packaging between the

Tax rate (dollars per tonne of packaging)

$10 $22 $50 $100

[ S* C* S* c* S c* S*
Baked Goods (1) 3.1 36.9 2.8 97.2 2.5 97.5 2.1 97.9
Bairy Products (2) 15.6 " 84.4 15.4 84.6 14.8 85.2 13.9 86.1
Frozen Focds (3) 0.0 0.0 " 0.0 0.0 0.0 0.0 0.0 0.0
Fresh and Curcd lMeat (4) 20.0 80.0 - "20.7 79.3 20.9 79.1 20.7 79.3
Fresh and Cured Fishand Seafcod {5) 3.5 86. ) - 96.5 2.9 87.1 2.4 87.6
Fresh and Cured Poultry (€) 9.1 90.9 9.8 90.2 9.5 90.5 11.0 89.0
Produce (7) 4.3 95.9 3.8 96.2 3.6 96.4 2.9 97.1
Distilled Spirits (8) 100.0 | 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Wine (9) 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0
Beer (10) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Soft Drinks (11) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Prepared Beverages (12) 106.0 0.0 160.0 0.0 100.0 0.0 100.0 0.0
Candy and Chewing Gum (i3) 5.3 .74.7 24.6 75.4 246 75.4 24.5 75.5
Cannad foods (14) 100.0 0.0 100.0 .0.0 , 100.0 c.0 100.0 0.0
Cere¢als, Flour, -and Macaroni (15) 1.4 28.6 10.4 89.6 1.2 88.8 10.9 89,1
Pet Foods (16) 109.0 0.0 100.0 0.0 100.0 .0 100.0 0.0
Tobacco Products {17) 100.9 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Other Foods (18} M. ss9- 0.8 89.2 0.3 89.7 9.0 91.0
Soaps and Delergents (19) 0.6 0.9 0.0 0.0 0.0 0.0 0.0 0.0
Other Cleaniag Sucplies (20)° 0.¢ 100.0 0.0 100.0° 0.0 100.0 0.0 100.0
Pesticides (21) 2.5 97.5 2.4 97.6 1.9 93.1 1.0 99.0
Other Houschold Supilies (2%) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Packayed Medications (z3) 52.5 47.5 46.8 53.2 45.5 54.5 45.7 54.3
Oral Hygiene Preducts (24) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cosmetics and Hand Products (25) 97.6 2.4 97.3 .7 97.9 2.1 98.1 1.9
Mair Froducts (26) o 0.0 0.0 0.0 . 0.0 .0 0.0 0.0
Shavirq Producgs'(27) 100.¢ 6.0 100.0 .0 100.0 0.0 100.0 0.0
Other feauty Aids (Z8) 41.6 56.1 32.6 61.4 34.9 65.1 28.8 n.2
Other Health Aids (29} 0.0 0.0 0.¢ 0.0 0.0 0.0 0.0 0.0
Other General Herchéncisc {30} 0.0 109.6 0.0 100.0 0.0 100.0 0.C 100.0

*C = Consumption; &
Source: Reseerch

Substitution.
iriangle Institute.
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Table 39. Summary of effectiveness, 1970: Tax on packaging

Measures of effectiveness

Tax rate (dollars per tonne of pgckaging)

$10 $22 $50 $100
Reductions in solid waste generation '
(thousand tonnes) 201 44y 988 1,930
Reductions in raw materials consumption
(thousand tonnes) (273) (597) (1,348) (2,627)
Paper packaging 89 196 437 849
Plastics packaging 31 68 153 291
Glass packaging 77 173 386 759
Steel packaging 68 148 336 663
Aluminum packaging

Reduction in energy utilization
(equivalent million kWh)

Paper packaging
Plastics packaging
Glass packaging

Steel packaging

Aluminum packaging

8 12 36 65

(529) (1,157) (2,596) (5,078)

213 464 1,036 2,016
20 45 101 192
mn 375 843 1,652
102 224 507 1,003

22 48 109 214

Source:

Research Triangle Institute.

Table 40. Summary of effectiveness, 1970:
Tax on packaging with exemption for recycled materials

Measures of effectiveness

Tax rate (dollars per tonne of packaging)

' $10 $22 $50 $100
Reductions in solid waste generation '
(thousand tonnes) 198 395 783 1,402
Increases in the consumption of
postconsumer waste materials :
(thousand tonnes) 3,894 5,91 8,742 9,703

Reductions in raw materials consumption
(thousand tonnes)

Paper packaging

Plastics packaging

Glass packaging

Steel packaging

Aluminum packaging

Reduction in energy utilization
(equivalent million kWh)

Paper packaging

Plastics packaging

Glass packaging
Steel packaging
Aluminum packaging

(4,880) (7,660) (12,688) (15,744)

89 954 3,229 3,433

K} 66 132 23
4,685 6,104 6,168 6,272
67. 276 1,810 4,447

8 260 1,349 1,361

{518) {1,031) {2,050) (3,675)

212 454 892 1,585
20 44 87 153
164 287 561 1,019
100 203 424 764
21 42 86 155

Source:

Research Triangle Institute.
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Table 41. Reductions in solid waste generation, 1970:
Tax on packaging
(thousand tonnes)

Tax rate (do]}ars per tonne of packaging)

Packaging .
material $10 $22 $50 $100
paper 87 189 823 823
Plastics 15 34 76 144
Glass 66 195 327 640
Steel 32 69 157 310
Aluminum 1 3 6 12
Total 201 a4 988 1,930

Note: Due to rounding, sums of columns may not
equal totals shown.

Source: Research Triangle Institute.

Table 42. Reductions in solid waste generation, 1970:
Tax on packaging with exemption for recycled materials
(thousand tonnes)

Tax rate (dollars per tonne of packaging)

Packaging
material $10 $22 $50 $100
Paper 87 185 364 ‘ 647
Plastics 15 33 65 15
Glass 63 m 217 o395
Steel ‘ n 63 13 236
Aluminum 1 2 5 - 9
Total 198 395 783 1,402

" Note: Due to rounding, sums of columns may not
equal totals shown.

Source: Research Triangle Institute.

Table 43. Increases in the consumption of postconsumer waste materials
for product packaging, 1970: Tax on packaging with exemption
for recycled materials
(thousand tonnes)

Tax rate (dollars per tonne of packaging)

Packaging

material L. 810 §22 $50 100
Waste paper i 740 2,768 2,683
Waste plastics @ : o 0 o
Cullet 3,894 5,055 . 4,993 4,913
Steel scrap 0 66 716 1,844
Aluminum scrap 0 50 265 263

Total 3,894 5,911 8,742 9,703

Source: Research Triangle Institute.
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Table 44, Reductions in natural resource consumption, 1970:
‘ ‘ Tax qn,packaging. .
(thousand tonnes)

" Tax rate
Packaging Natural resource inputs {dohars per tomne of packaging)
material T %10 s2 $50  $100
Paper Raw materials .
Hood pulp - - 58 127 283 550
Waste paper 24 53 118 229
Chlorine 1 2 6 1
Caustic 1 3 6 -2
Soda ash 1 2 3 7
Sodium sulfate 3 6 14 27
Lime . 1 3 7 13
Energy (equivalent million kWh) 213 464 1,036 2,016
Plastics Raw materials
NLG feed stocks 19 41 92 174
Field condensates 1 2 5 10
Refinery feed stocks. n 25 56 107
_Energy (equivalent million kwh) 20 45 R[] 192
Glass Raw materials ' :
Glass sand ' a4 - 97 218 427
Limestone 14 2N 140
Sada ash 14 32 Al 139
Feldspar - 5 n 25 49
Prepared saltcake .0 0 0 1
Water for dust control 0 1 1 3
Energy (equivalent million kWh) 7 375 843 1,652
Steel Raw materials
Iron ore and agglomerates N 68 155 306
Scrap 16 35 79 155
Coke 13 27 62 123
Fluxes 7 16 36 70
Mi11 cinder and scale 1 2 4 9
Energy (equivalent million kWh) 102 224 507 1,003
Aluminum Raw materials
Bauxite 6 12 28 55
Lime makeup 0 0 1 R
Soda ash makeup 1 1 3 6
Petroleum coke 1 1 3 6
Pitch 0 0 1 2
Cryolite 0 0 0 1
Aluminum trifluoride 0 0 ] . Q
Energy (equivalent million kwh) 22 48 109 214
Summary
totals
Weight of raw materials (thousand tonnes} 274 - 599 1,348 2,633
Amount of enerqy {equivalent million kih) 529 1,157 2,596 5;078

Note: ODue to rounding, sums of columns may not equa) totals shown,
Source: Research Triangle Institute.
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Table 45. Reductions in natural resource consumption, 1970:
- Tax on packaging with exemption for recycled materials
(thousand tonnes)

Tax rate
(dollars per tonne of packaging)

Packaging Natural resource inputs
material $10  $22  $50  $100
Paper Raw materials
: Wood pulp 58 618 2,092 2,224
Waste paper 24 257 871 926
Chlorine 1 12 3] 43
Caustic 1 14 47 50
Soda ash 1 7 25 27
Sodfum sulfate 3 3 103 110
Lime 1 15 50 53
Energy (equivalent million kWh) 212 454 892 1,585
Plastics Raw materials
NLG feed stocks 19 40 79 139
Field condensates : 1 2 5 8
Refinery feed stocks n T 24 48 84
Energy (equivalent million kWh) 20 44 87 153
Glass Raw materials
Glass sand 2,638 3,438 3,474 3,533
Limes tone 863 1,124 1,136 1,155
Soda ash 859 1,119 1,131 1,150
Feldspar 301 392 396 403
Prepared saltcake 4q 5 5 5
Water for dust control 20 26 26 26
Energy (equivalent million kwh) 164 287 561 1,019
Steel Raw materials
Iron ore and agglomerates 31 127 835 2,051
Scrap 16 - 65 424 1,042
Coke 12 51 335 824
Fluxes 7 29 192 472
Mill cinder and scale 1 4 24 58
Energy (equivalent million kWh) 100 203 424 764
Aluminum ‘Raw materials
Bauxite 6 200 1,032 1,042
Lime makeup 0 5 28 28
Soda ash makeup 1 22 114 Hs
Petroleum coke 1 23 120 21
Pitch 0 39 39
. Cryolite 0 2 10 10
Aluminum trifluoride 0 1 6 6
Energy (equivalent million kWh) 21 42 86 155
Summary
totals
Weight of raw materials (thousand.tonnes) 4,880 7,660 12,688 15,744
Amount of energy (equivalent million kWh) 518" 1,031 2,050 3,675

Note: Due to rounding, sums of columns may not equal totals shown.
Source: Research Triangle Institute.
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exemption usually induces reduétiqns in natural resource utiTization .
“substantially greater than the tax without the exemption. Glass sand,
limestone, soda ash, and woodpulp utilization would be most affected.
5.3.2 Costs - | | |
The prices of most consumer products would not be significantly
affected by either tax, although the tax with the exemption causes
smaller price increases.” Soft Drinks and Canned Foods with their high
share of costs due to packaging would be most affected (tables 46 and 47).
The costs, mea$ured by the loss in consumer surplus, are less for
the tax with the exemption than without it since the consumer product
price increases are smaller for the former tax. For a tax of $22 per
tonne, the loss in consumer surplus would be $531 million annually for
the tax with the exemption and $598 million without the exemption (tables
48 and 49). |
' 5.3.3 Cost-Effectiveness Comparison

Cost per unit of effectiveness for both taxes is shown in tables
50 and 51. The tax on packaging with an exemption for recycled materials
has equal or lower costs per unit of effectiveness than the tax on pack-
aging. This is because it induces recycling, thus resulting in reduced
raw materials consumption and increases in the consumption of postconsumer
waste materials. However, it should be noted that the costs also include
the tax payments which do not represent reductions in welfare from the
perspective of society since they are redistributions of resources from
consumers to government. Therefore, the costs per unit of effectiveness
are overstated.
5.4 Tax on Containers (Fiscal Incentijve)

A per unit tax on containers would tend to reduce the quantities of
rigid packaging materials ut11ized=for packaging consumer products,'there-
by conserving materials resources and reducing solid waste management costs.
It would also raise revenue, Four tax rates have been analyzed, each rate
uniformly applied to all containers. The rates are 0.5, 1.0, 1.5, and 2.0
cents per container.. |

In estimating the impacts, the tax per container was converted to a
tax per tonne on the basis of the average number of units per tonne for
each of 12 containers. The équiva]ent tax per tonne of a 1-cent tax on
containers for each of the five rigid materials is as follows:
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Table 46. Increa;es in consumer product prices,
1970: Tax on packaging '

(percent)

Consumer product Tax_rate (dollars per tonne of packaging)

$10 $22 $50 $100

Baked Goods (1) 0.1 0.2 0.4 0.6
Dairy Products (2) 0.1 0.2 0.4 0.8
Frozen Foods (3) 0.1 0.2 0.4 0.8
Fresh and Cured Meat (4) 0.1 0.1 0.3 0.6
Fresh and Cured Fish and Seafood (5) _ 0.1 0.1 0.3 0.4
Fresh and Cured Poultry (6) 0.1 0.1 0.3 0.6
Produce (7) 0.1 0.2 0.3 0.6
Distilled Spirits (8) 0.1 0.2 0.6 1.1
Wine (9) 0.2 0.5 1.0 2.2
Beer (10) 0.5 1.1 2.4 4.8
Soft Drinks (11) 1.3 2.9 6.7 13.3
Prepared Beverages (12) 0.4 0.9 2.1 4.1
Candy and Chewing Gum (13) 0.1 0.2 0.5 0.9
Canned Foods (14) 0.5 1.2 2.7 5.4
Cereals, Flour, and Macaroni (15) 0.0 0.1 0.2 0.4
Pet Foods (16) 0.3 0.6 1.3 2.7
Tobacco Products (17) 0 0.1 0.1 0.3
Other Foods (18) 0.3 0.6 1.2 2.1
Soaps and Detergents (19) 0.3 0.8 1.7 3.4
Other Cleaning Supplies (20) 0.1 0.2 0.3 0.6

Pesticides (21) ] 0.1 0.1 0

Other Household Supplies (22) 0.1 0.2 0.4 0.8
Packaged Medications (23) 0.2 0.4 0.8 1.7
Oral Hygiene Products (24) 0.2 0.4 0.9 1.8
Cosmetics and Hand Products (25) 0.2 0.4 1.0 2.0
-Hair Products (26) 0.2 0.4 0.9 1.8
Shaving Products (27) 0.2 0.4 0.9 1.8
Other Beauty Aids (28) 0.6 1.3 2.6 4.0
Other Health Aids (29) 0.3 0.6 1.3 2.5
Other General Merchandise (30) 0 0.1 0.1 0.2
Weighted average 0.1 0.2 0.4 .0.8

Source: Research Triangle Institute.
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Table 47. Increases in consumer product prices, 1970:
Tax oh packaging with -exemption forvrecyc1ed mater1a1s

(percent)
' Consumer product Tax rate (dollars per tonne of packaging)
. $10 $22 $50 $100
Baked Goods (1) S0 0.2 0.3 0.5
Dairy Products (2) ' 0.1 0.2 0.4 0.6
Frozen Foods (3) - 0.1 0.2 0.4 0.7
Fresh and Cured Meat (4) 0.1 0.1 0.3 . 0.5
Fresh and Cured Fish and Seafood (5) 0.1 0 0.2 0.4
Fresh and Cured Poultry {6) : 0.1 0 0.3 - - 0.5
Produce (7) 0.1 0 0.3 0.5
Distilled Spirits (8) | 0.1 0.2 0.4 0.7
Wine (9) 0.2 0.3 0.7 1.2
Beer (10) 0.5 0.9 1.8 3.2
Soft Drinks (11) , 1.3 2.3 4.4 8.1
Prepared Beverages (12) 0.4 0.7 1.4 2.6
‘Candy ‘and Chewing Gum (13) 0.1 0.2 0.4 . 0.7
Canned Foods (14) ‘ 0.5 1.1 23 4.2
Cereals,  Flour, and Macaroni (15) 0 0.1 0.2 0.4 -
Pet‘Foods (16) ' 0.3 0.6 1.3 2.3
1obacco Products (17) 0 0.1 0.1 - . 0.2
Other Foods (18) j ‘ 0.3 0.5 0.9 1.6
Soiés'@nd.Detergents (19) 0.3 0.8 1.6, .. 2.8
Othér Cleaning Supplies (20) ' 0.1 0.1 0.3 - 0.5
Pesticides (21) . ‘ 0 0 0.1 0.1
" Other"Household Supp11es (22) - 0.1 0.2 0.3 . 0.6
? ged;Med1cat1ons (23) 0.2 0.3 0.5 - 1.0
Ora, ﬁygIene Products (24) 0.2 0.3 0.6 1.1
CQ§metics and Hand Products (25) ' 0.2 0.3 - 0.9 1.3
Hg{yf roducts (26) | 0.2 0.3 0.6 1.1
Shaving' 0.2 0.3 0.6 11
0.6 1.2 2.1 . 3.3
- - 0.2 0.5 0.9 1.6
Other enera] Merchandlse (30) 0 0 0.1 0.2
Heighted average 0.1 0.2 0.3 0.6

Sgurce: Research Triangle Institute.
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Table 48. Consumer sJ}plus losses and employment reductions,
1970: Tax on packaging

Tax rate (dollars per tonne of packaging)

$10 22 $50 $100

Consumer surplus losses (million dollars) :
Baked Goods (1) $ 7 $ 15 $ 32 $ 55
Dairy Products (2) n 24 53 99
Frozen Foods (3) 5 -0 23 46
Fresh and Cured Meat (4) 15 32 73 143
Fresh and Cured Fish and Seafood (5) 0 1 1 2
Fresh and Cured Poultry (6) 2 4 10 20
Produce (7) ’ 7 15 33 57
Distilled Spirits (8) 8 18 40 79
Wine (9) 3 6 14 28
Beer (10) 30 66 151 301
Soft Drinks (11) 42 g2 208 413
Prepared Beverages (12) N 25 56 m
Candy and Chewing Gum (]3) 3 6 13 25
Canned Foods (14) 33 73 162 316
Cereals, Flour, and Macaroni {15) ] 2 5 10
Pet Foods (16) 3 6 14 27
Tobacco Products (17) 2 5 12 25
Other Foods (18) 19 40 84 143
Soaps and Detergents (19) 6 13 29 57
Other Cleaning Supplies (20) 1 1 3 6
Pesticides (21) 0 0 ] 0
Other Household Supplies (22) 2 4 10 20
Packaged Medications (23) 3 6 13 26
Oral Hygiene Products (24) 1 3 6 13
Cosmetics and Hand Products (25) 2 4 9 18
Hair Products (26) 2 .5 11 22
Shaving Products (27) 1 2 5 n
Other Beauty Aids (28) 3 6 12 18
Other Health Aids (29) 8 17 40 79
Other General Merchandise (30) 43 95 215 430

Total : $274 $598 $1,338 $2,593
Employment reductions (thousands)

Paper 0 1 2 3
Plastics 0 1 2 3
Glass 2 4 9 19
Steel 0 1 2 4
Aluminum 0 0 0

Total 3 7 15 30

Note: Due to rounding, sums of columns may. not eq_pal totals shown.
Source: Research Triangle Institute.
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Table 49. Consumer surplus losses and employment reductions, 1970:
.Tax on packaging with exemption for recycled materials

TJax rate (dollars per tonne of packaging)

$10 $22 $50 $100
Consumer surplus losses (million dollars) ‘ C
Baked Goods (1) $ 7 $ 15 $29 $ 48
~Dairy Products (2) n 24 47 81
Frozen Foods (3) 5 10 20 36
~ Fresh and Cured Meat (4) . 15 - 32 64 114
Fresh and Cured Fish and Seafood (5) 0 1 1 : 2
Fresh and Cured Poultry (6) 2 4 9 15
Produce (7) 7 15 29 48
Distilled Spirits (8) 8 . 14 28 50
Wine (9) 3 4 8 16
Beer (10) - o 29 55 11 202
Soft Drinks (11) 20 n 139 254 .
Prepared Beverages (12) n 19 38 69
Candy and Chewing Gum (13) 3 6 12 21
Canned Foods (14) 33 67 139 248
Cereals, Flour, and Macaroni (15) : 4 8
Pet Foods (16) 3 13 23
Tobacco Products (17) 2 5 n 20
Other Foods (18) 18 32 61 105
Soaps and Detergents (19) 6 12 25 46
Other Cleaning Supplies (20) 1 1 3 5
Pesticides (21) 0 0 0 0
Other Household Supplies (22) 2 4 8 16
Packaged Medications (23) 3 5 9 16
Oral Hygiene Products (24) 1 2 4 8
. Cosmetics and Hand Products (25) ra 3 6 n
Hair Products (26) 2 4 8 14
Shaving Products (27) 1 2 4 7
Other Beauty Aids (28) 3 5 10 15
Other Health Aids (29) 8 14 28 5
Other General Merchandise {30) 43 93 195 358
Total $268 . $531 $1,062 $1,906
Employment reductions (thousands)
Paper 1 1 1 2
Plastics 0 ] 2 3
Glass 2 3 6 12
Steel 0 1 2 3
Aluminum 0 0 0 0
Total 3 6 1 20

Hote: Due to rounding, -sums of colunns may not equal totals shown.
Source: Research Triangle Institute. o
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Table 50. Cost-effectiveness cohparison; 1970:

" Tax on packaging

;:Tai rate (doliaréidn tonne of patkégihg)

$10 .. %22 ‘ $50 $100
Cost
Loss in consumer surplus . , : '
{million dollars) S8 2 $ 598 $ 1,338 $ 2,599
Cost/Effectiveness » |
Reductions in solid waste generation
(dol]ars per tonne) L _ 1,363 1,356 1,354 1,347
Reduct1ons in rew materials con5umpt1on- . l | L
. (do1lars per “tonne) : (1,003). (1,002) {993) {989) .
Paper packaging C o ) 3,079, - 3,051 3,062 3,061
Plastics packaging . 8,839 8,794 8,745 8,931
Glass packag1ng : o ' *.3,558 3,457 3,466 3,424
Steel packaging= - = ° T 4,029 4,04 0 3,982 3,920
» " Aluminum packaging: - o - 34,250 49,833 37,167 . 39,985
~ Reduction in energy utilization .
(dollars per thousand kwh) 7 518 . 517 515 512
Tax payments : ' ' R .
(million dollars) 276 601 1,337 2,582

- Source: “Research Triangle Institute.

: ~Iab]e.5i1 fCostréffectiyeness comparison,. 1970:
Taxrgn_pagkaang:wi;h,exemption forrrecyc1ed materia]s

Tax rate (dollars on tonne of packaging)
$10 s22 $50 $100
fost
“‘Loss in consumerxsurplus s . L : o
(m1111on do]lars) s -8, 28 5 5N $ 1,062 $ 1,906
Cost/Effect1veness ’
Reductions in solid waste generation
{dollars per tonne) 1,354 1,344 1,356 1,359
Increases in the consumption of
- postconsumer waste mater1a]s ;
(thousand tonnes) . 69 50 121 196
Reductions in raw materials consumption B
(dotlars per tonne) (55) {70) (84) (121)
Paper packaging ' - 3,0 557 . 1329 555
. Plastics ;packaging 8,645 . 8,045 8,045 8,251
Glass packaging 57 - 87 172 304 -
Steel packaging 4;000 1,924 587 429
hAluminum packag1ng o 33,500 | 2,042 o187 1,400
Reduction in energy utilization I . o
(dol1ars per thousand kwh) ool a7 . 515 518" .519
Tax payments c T ..
(million dollars) T L2317 472 913 - 1,670

Source: Research Triangle [nstitute.
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Equ1va1ent Tax- Per Tonne of. a 1-Cent Tax Per Container

Rigid paper - $398.12
Rigid plastics 206.51
Glass 36.73
Steel -90.17
Rigid aluminum 133.45

The impacts of a tax on containers are quite difficult to project since
the tax may induce significant shifts to larger container sizes.. Idea11y,
each consumer:ﬁroduct'WOu1d also be disaggregated by container size; e.q.,
Beer in 12-ounce stee]héans, and own pr{ce and cross price elasticities
estimated for each. ~'However, such an undertaking is beyond the scope of
this study and'brobab1y'beyond the availabilities of existing data. Because
of the aggregated nature of the materials and products in the packaging model,
the results should be interpreted as on]y a first approx1mat1on of some of the
major 1mpacts ' o

A T-cent tax on a11 containers used fo paékage'consumer products .would
induce reductions in packaging of about 2.3 million tonnes (table 52) annually
at 1970 rates, or about 9 percent The .tax would fall mostly on paper containers
due to their low cost per container.- The largest reductions would be for Fresh
and Cured Fish and Seafood Produce Other Beauty Aids, and Cereals, Flour, and
Macaroni (table 53).

As can be seen in table 54, most of the reductions in packaging are due
to shifts in packaging, nof reductions in QUantity demanded by packaged
products. . o |

‘5.4.1 Effectiveness _

The quantities of reductions of wastes and resource utilization are
summarized in table 55,

5.4.1.1 Solid Waste Generation. A 1-cent tax on containers would reduce

packaging solid waste generation about 2.3 million tonnes annually (table 56),.
Paper would be most affected, accounting for about two-thirds of the total.
5.4.1.2 Matural Resource Utilization. Natural resource consumption

would be reduced only due to the reductions in packaging consumption. Wood-
pulp, the primary input to paper, would be reduced most (table 57).
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Table 52, Consumpt1on of packaging by

consumer‘product 1970:

(thousand tonnes)

Tax on conta1ners

Consumerrbroduct ’

Tax rate (cents per container)

0.5 1.0 1.5 2.0
- Baked Goods (1) 399 349 348 348
-Dairy Products (2) 1,119 1,095 1,01 1,046
Frozen foods (3) 456 456 456 456
Fresh and Cured Meat (4) 1,416 1,402 1,387 1,373
Fresh and Cured Fish and Seafood (5) 8 0 0 0
Fresh dnd Cured Poultry (6) 195 193 192 190
Produce (7) 509 286 256 . 256
Distilled Spirits (8) 793 791 788 785
Wine (9) 285 285 285 285
Beer (10) 3,011 2,998 2,985 2,972 .
Soft Drinks (11) 4,157 4,126 4,095 4,064
Prepared Beverages (12) 1,113 1,085 1,057 1,029
Candy and Chewing Gum (13) 262 257 253 248
Canned Foods (14) 3,146 2,954 2,761 2,569
Cereals, Flour, and Macaroni (15) 76 57 57 57
Pet Foods (16) | 268 260 253 246
Tobacco' Products (17) 245 244 242 24
Other'FoodE (18) 1,639 1,515 1,440 1,366
Soaps and Detergents (19) 571 571 57 571
Other Cleaning Supplies (20) 80 80 'SO 80
Pest1c1des (21) , , 15 13 12 N
Other Househo]d Supp]les (22) 220 206 192 178
Packaged Medications (23) 272 271 270 268 ,
Oral Hygiene Products (24) 129 129 129 129
Cosmetics and Hand Products (25) 178 176 173 172
Hair Products (26) ' 269 269 269 - 269
Shaving Products; (27} 121 120 120 119
Other Beauty Aids (28) 158 156 153 150
Other Health Aids (29) | 797 797 797 797
Other General Merchandise (30) 4,301 4,301 4,301 4,301
Total 26,209 25,441 24,992 24,575

Source: Research Triangle Institute.
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Table 53. Reductions in the consumpt1on of -
packag1nq by consumer product, 1970: Tax on cqntainers

(percent)
: : S Tax rate (cents per container) -
- Consumer.-product
' ‘ ' 0.5 1.0 1.5 2.0
Baked Goods (1) - : ‘ 46.2 52.9 83.0 - 53.0
Dairy Products (2) - ' 2.1. - 4.3 6.4 8.5
Frozen Foads (3) : 0 0 0 0 -
Fresh ‘and Cured Meat (4) - ' 4.8 5.7 6.7 © 7.6
" Fresh and Cured Fish and Seafood (5) 75.8 98.9 98.9 - 98.9
Fresh and Cured Poultry (6) 7 4.5 5.3 . 6.0 6.7
Produce (7) ' 31,5 61.4 65.5 65.5
Distilled Spirits (8) 0.4 0.7 1.0 1.4
Wine (9) : 0 0 0 0
Beer (10) - 0.4 . 0.9 1.3 7
Soft Drinks (11) : 0.7 1.5 2.2 3
Prepared Beverages (12) - 2.5 5 7.4 - 10
Candy and Chewing Gum (13) : 1.8 3.7 5.5 7.3
Canned Foods (14) - . 5.8 1.5 17.3 23.0
Cereals, Flour, and Macaroni (15) 24,5 43.6 °  43.6 43.6
Pet Foods (16) . : 2.6 5.2 7.7 10.3
Tobacco Products (17) ) 0.5 1.1 1.6 0 2.0
Other Foods (18) - ° 181 21.5 25.4 29.2
Soaps: and Detergents (19) 0 0 0 0-
Other Cleaning Supplies (20) ' 16.5 16.5 16.5 - 16.5 -
Pesticides (21) : 8.4 16.8 25.0 31.9
Other Household Supplies (22) 6.0 12.0 S8 " 24.1
Packaged Medications (23) ‘ 0.5 1.1 1.6 2.2
Oral Hygiene Products (24) 0 0 0 0
Cosmetics and Hand Products- (25) . 1.5 2.9 41 5.2
Hair Products (26) | -0 0 ‘0 0
Shaving Products (27) : 0.8 1.5 2.3 3
Other Beauty Aids (28) - 57.2 57.9 58.7 59.4
Other Health Aids (29) - ' 0 0 0 0
Other General Merchandise (30) 0 0 0 o
Total - " ‘ - 5.9 9.1 11.1 13.0

Source: Research Triangle Institute.
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Table 54-.

consumpt1on and substitution effects: .
: (percentage share)

Distribution.of. the. reductions in packaging between the
Tax on conta1ners

" Jax rate (cents per container)

" Consumer product’ . 0.5 . 1.0 1.5 2.0

Cw S* c* (3] c* S c* [
Baked Goods (1) 0.2 . 99.8 0.2 " 99.8 0.3° 99.7 ° 0.4  99.6
Dairy. Products (2) 100.0 0.0 100.0 0.0 100.0 0.0  100.0 0.0
Frozen "Foods (3) 0.0 0.0 0.0 0.0 0.0 0.0 ~ 0.0  0.0°
Fresh and Cured Meat (4) 20.2 79.8 33.6 66.4 43.0 57.0 50.3 49.7 .
Fresh' and Cured Fish. and Seafood (5) 0.1 .89.9 0.0 100.0 0.0 100.0 0.0 100.0
Fresh and Cured Poultry (6) 16.1 83.9 27,9 72. 36.7  63.3  43.6 564
Produce (7 1.3 98.7 0.1 99.9 0.0 100.0 0.0 -100.0"
Distilled Spirits (8) 100.0 0.0 100.0 0.0 100.0 0.0 .100.0 0.0
Wine (9) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Beer (10) LT .100.0 . 0.0  100.0 0.0 ' 100.0 0.0 100.0° 0.0-
Soft Drinks (11) 1000 0.0 100.0 0.0  100.0 6.0 100.0 ~0.0
Prepared Beverages (12) 100.0 ‘0.0 100.0 0.0 100.0 0.0 100.0 0.0 "
Candy and Phewing Gum (13) 100.0 0.0 100.0 0.0 100.0 0.0 . 100.9 0.0
Canned Foods (14)- - 100.0 0.0 100.0 0.0 100.0 0.0  100.0 0.0
Cereals, Flour, and Macaron (15) 0.6  99.4 0.0 100.0 0.0  100.0 0.0 100.0°
Pet Foods (6) 100.0 - 0.0 100.0 0.0 100.0 0.0, 100.0 0.0
Tobacco Products'(l?) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 . . 0.0,
‘Other Foods (18) ~ 56 944 - - 5.9 94.1 6.9~ 93,1 1.5 92.5 ..
Soaps and Detergents (19) 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0. . 0.0
Other Cleaning Supplies (20) 0.0 100.0 0.0 100.0 0.0  100.0 0.0 100.0
Pesticides (21) 1.8 98.2 11 8.9 0.4 996 0.0 100.0
Other Household Supplies (22) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Packaged Medications {23) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
Oral Hygiene Products (24) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cosmaetics and Hand Prodﬁétg (25) 78.0 22.0 ©° 77.4 22.6 76.6 . 23.4° 80.6 19.4
Mair Products (26) 0.0 - “0.0 -« 0.0 0.0 0.0 0.0 0.0 0.0
Shaving Products (27) 100.0 0.0, 100.0 0.0 100.0 0.0 100.0 0.0
Other Beauty Aids (28) 1.3 7 98.7 2.5 97.5 3.7 96.3 4.9 95.1
Other Health Aids (29) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other General Merchandise (30) " 0.0 0.0 0.0, 0.0 0.0 __0.0 ) 0.0 0.0

*C = Consumption; S = Substitution.
Source: Research Triangle Institute.
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Table 55.

Summary of effectiveness, 1970:
Tax on containers

Measures of effectiveness

Tax rate (cents. per container)

0.5

1.0 1.5 2.0
Reductions in solid waste generation .
(thousand tonnes) 1,549 - 2,317 2,766 3,183
Reductions in raw materials consumption ‘ '

(thousand tonnes) (1,950) (3,019) (3,719) (4,413)
Paper packaging 1,105 1,488 1,585 1,652
Plastics packaging 249 351 364 389
Glass packaging 228 447 670 889
Steel packaging 332 663 995 1,327
Aluminum packaging 36 70 105 156

Reduction in energy utilization :

{equivalent million kWh) (3,897) (5,956) (7,287) (8,530)
Paper packaging 2,627 3,532 3,766 3,925
Plastics packaging 164 232 240 248
Glass packaging 496 976 1,458 1,936
Steel packaging 502 1,004 1,506 2,007
Aluminum packaging - 108 212 318 414

Source: Research Triangle Institute.

Table 56.. Reductions in solid waste generation, 1970:
Tax on containers
(thousand tonnes)

Tax rate (cents per container)

Packaging
material 0.5 .0 L5 2.0
Paper 1,072 1,442 1,537 1,602
Plastics 123 174 180 186
Glass 192 378 565 750
Steel 155 310 465 620
Aluminum 6 12 19 24
Total 1,549 2,317 2,766 3,183
Source: Research Triangle Institute.
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Table 57. Reductioris in natural resource consumption, 1970:

Tax on containers
(thousand tonnes)

Packaging material

Natural resource inputs

Tax rate (cents per container)

0.5 1.0 1.5 2.0
Paper Raw materials '
Wood pulp 76 963 1,027 1,070
Waste paper 298 401 427 445
Chlorine 14 19 20 21
Caustic 16 22 23 24
Soda ash, 9 12 12 13
Sodium sulfate 35 48 51 53
Lime 17 23 25 26
Energy (equivalent million kWh) 2,627 3,532 3,766 3,925
Plastics Raw materials
NLG feed stocks 149 210 218 225
Field condensates 9 12 13 13
Refinery feed stocks 9 129 133 15
Energy (equivalent million kkh) 164 232 240 248
Glass Raw materials
o Glass sand 128 252 377 500
Limes tone 42 82 123 164
Soda ash 42 82 123 163
Feldspar 15 29 43 57
Prepared saltcake o 0 i 1
Water for dust control 1 2 3 4
Energy (equivalent million kih) 496 976 1,458 1,936
Steel Raw materials
' Iron ore and agglomerates 153 306 459 612
Scrap 78 155 233 m
Coke 62 123 184 246
Fluxes 35 70 106 141
Mil1l cinder and scale 4 9 13 17
Energy (equivalent miilion kWh) 502 1,004 1,506 2,007
Aluminum Raw materials
Bauxite 28 54 81 123
Lime makeup ] 1 2 3
Soda ash makeup 3 6 9 12
Petroleum coke 3 6 9 12
Pitch 1 2 3 4q
CryoTite 0 1 1 1
- Aluminum %rifluoride 0 0 0 1
Energy (equivalent million kWh) 108 212 318 414
Summary totals
Weight of raw materials (thousand tonnes) 1,950 3,019 3,719 4,413
3,897 5,956 7,287 8,530

Amount of energy (equivalent million kiWh)

Source: Research Triangle Institute.
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Table 58. Increasés in consumer prices,
1970: Tax on containers Co
(percent)

Tax rate (cents per container)

Consumer Product

0.5 1.0 1.5 2.0
. Baked Goods (1) 0.2 0.2 0.3 0.5
Dairy Products (2) 0.8 1.6 2.4 3.2
Frozen Foods (3) 0.9 1.8 2.7 3.5
Fresh and Cured Meat (4) - 0.8 1.5 2.3 3.0
Fresh and Cured Fish and Seafood (5) 0.1 0 0 0
Fresh and Cured Poultry (6) 0.7 1.4 2.1 2.8
Produce (7) 0.4 0.1 0 0
Distilled Spirits (8) 0.7 1.3 2.0 2.7
~ Wine (9) 0.4 0.9 1.3 1.7
Beer. (10) 2.2 4.3 6.5 8.7
Soft Drinks (11) 3.7 7.4 1.1 14.8
Prepared Beverages (12) 1.7 3.4 5.1 6.8
Candy and Chewing Gum (13) 0.8 1.7 2.5 3.3
Canned Foods (14) 2.9 5.8 8.8 1.7
Cereals, Flour, and Macaroni (15) 0.2 0.0 0 0.0
Pet Foods (16) 1.4 2.8 4.3 5.7
Tobacco Products (17) 0.3 0.6 1.0 1.3
Other Foods (18) 0.8 1.4 2.0 2.6
Soaps and Detergents (19) 7.6 15.2 22.8 30.4
Other Cleaning Supplies (20) 0.3 0.5 0.8 1.1
Pesticides (21) ‘ 0.1 0.1 0 0
Other Household Supplies (22) 1.5 3 4.4 5.9
Packaged Medications (23) 0.4 0.8 1.2 1.7
Oral Hygiene Products (24) 0.8 1.7 2.5 3.3
Cosmetics and Hand Products (25) 0.6 1.1 1.5 2.1
Hair Products (26) 0.5 0.9 1.4 1.9
~ Shaving Products (27) 0.5 0.9 1.4 1.8
Other Beauty Aids (28) 0.5 0.9 1.4 1.9
Other Health Aids (29) 1.9 3.8 5.7 7.6
Other General Merchandise (30) 0.2 0.4 0.5 0.7
Weighted average 0.5 1.0 1.5 2.0

Source: ‘Research Triangle Institute.
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Table 59 . Consumer surplus losses;andmemQIOymenf,reductions,
o ‘ 19707 Tax on containers

Tax rate (cents per container)

0.5 1.0 1.5 2.0
Consumer surplus losses (million dollars)
Baked Goods (1) $ 19 $ 21 $ 3 $ 4
Dairy Products (2) : 10 199 295 389
Frozen Foods (3) 49 98 147 196
Fresh and Cured Meat (4) 172 343 512 680
Fresh and Cured Fish and Seafood (5)- 1 0 0 0
Fresh and Cured Poultry (6) ‘ 24 47 7 9
Produce (7). . 42 12 0 0
Distilled Spirits (8) 47 94 141 188
Wine (9) 6 n 17 22
Beer (10) : 136 2n 406 540
Soft Drinks (11) : 116 . 232 346 460
Prepared Beverages (12) 46 N 135 178
Candy and Chewing Gum (13) 23 46 69 91
Canned Foods (14) - - - 175 339 492 636
Cereals, Flour, and Macaroni (15) 5 0 0 0
Pet Foods (16) 14 28 42 55
Tobacco Products (17) 29 58 87 15
Other Foods (18) 57 9] 132 17
Soaps and Detergents (19) 126 252 377 503
OtHér'C1eéning Supplies (20) 3 5 8 10
Pesticides (21) 0 0 0 0
Other Household Supplies (z2) 35 68 99 128
Packaged Medications (23) 7 13 20 26
Oral Hygiene Products (24 6 12 17 23
Cosmetics and Hand Produc:: (25) 5 10 13 18
Hair Products (26) 6 n 17 23
Shaving Products (27) 3 6 8 N
Other Beauty Aids (28) 2 4 7 9
Other Health Aids (29) 60 19 179 239
Other General Merchandis: (30) 339 678 1,06 1,355
Total : a $1,652 $3,160 $4,685 $6,200
Employment reductions (thr.:.isands)

Paper- 4 5 6
Plastics 3 4 5
Glass’ 6 n 17 22
Steel - 2 4 8
Aluminum 0 ‘ 1
Total 15 25 33 41

Source: Researci Triangle Institutc.
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5.4.2 Costs ' ’

The weighted averages of the projected increases in consumer prices |
for a 1-cent tax are about 1 percent. The prices of Soaps and Detergents,
Soft Drinks, Cereals, Flour, and Macaroni, and Beer would all be 1ncreased‘
fairly substantially (table58). It is likely that the packaging cost
pressures on these industries would induce packaging substitutions outside
those projected in the model.

The losses in consumer surplus would be over $3 billion annually for
a l-cent tax (table59),

5.4.3 Coét-Effectiveness Comparison

The costs per unit of effectiveness are presented in table 60, For

most measures of effectiveness, the costs increase with higher taxes. As
noted above in the analysis of other taxes, tax payments are implicitly
included in the estimates of the losses in consumer surplus.

Table 60, Cost-effectiveness comparisons 1970:
Tax on containers

Tax rate (cents per container)

0.5 1.0 1.5 2.0
Cost ' ‘
Loss in consumer surplus
(million dollars) $ 1,652 $ 3,160 $ 4,685 $ 6,200 .
Cost/Effectiveness
Reductions in solid waste generation
(dollars per tonne) 1,066 1,364 1,694 1,948
Reductions in raw materials consumption
(dollars per tonne) (847) (1,047) (1,260) (1,405)
Paper packaging 1,495 2,124 2,956 3,753
Plastics packaging 6,635 9,003 12,871 15,938
Glass packaging 7,246 7,069 6,993 6,974
Steel packaging 4,976 4,766 4,709 4,672
Aluminum packaging 45,889 45,142 44,619 39,744
Reduction in energy utilization
(dollars per thousand kWh) 424 531 643 727
Tax payments
(million dollars) 1,652 3,138 4,622 6,073

Source: Research Triangle Institute.
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APPENDIX A: DATA SOURCES AND CONSTRUCTION
OF THE MATERIALS BY CONSUMER PRODUCT

A.1. Packaging Data

The analysis of alternative policy instruments. required the
development of a data base showing the use of packaging materials
by consumer product. Further, to estimate the parameters of the

packaging model meant that the data would have to be assembled for several
time periods. -No such data base sufficient for this study existed prior
to this effort. Because of the absence of complete data, the resulting
data base should not be interpreted as providing precise estimates of
packaging utilization but rather indicative of general magnitudes and
trends. The general need in collecting the data was a matrix: rows for
the packaging material, and columns for the consumer product.

An initial 1ist of packaging materials was prepared based on the
categories used in Modern Packaging Encyclopedia and Planning Guide (MPE)

(ref. 1). This resulted in 28 separate categories of paper, plastics,
glass, and metal packaging materials used for packaging consumer products.
Data were collected on the basis of the 28 categories and subsequently
aggregated to nine packaging types for purposes of analysis and model
development. '

The consumer product def1n1t1ons were developed from the
Supermarket1ngﬁAnnua1 Report of Consumer Expenditures. Categories of

food products were stratified into perishable and dry grocery types, plus
Pet Foods and Tobacco Products. Nonfood items were broadly classified
into household supplies, health and beauty aids, and general merchandise.
This resulted in an initial listing of 65 consumer product categories.

The basic matrix for which data were gathered was 28 x 65. Concurrent
with the above task of classifying packaging materials and consumer
products, a survey of trade and 1ndustry associations was made to

obtain additional data that were not available in known published sources.
The 1ist of contacts made in this effort is shown in table A-1. Many

of these contacts provide valuable data on annual totals of either the
value or quantity of shipments of various'packaging materials.
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Table A-1. Contacts made to solicit data for materials and end-use matrix

Nat'l. Ass'n. of Container The Associated Cooperate Industries
Distributors of America

10101 Lyndon Avenue 818 Olive Street

Detroit, Michigan 48238 St. Louis, Missouri 63101

Milk Bottle Crate Mfrs. Council *Can Mfrs. Institute, Inc.

Keith Building 821 15th Street, N.W.

Cleveland, Chio 44115 Washington, D.C. 20005
' - (202) 737-6242

Mechanical -Packing Ass'n.

Box 98 Boxboard Research & Development Ass'n.

Brielle, New Jersey 08730 350 South Burdick Mall
Kalamazoo, Michigan 49006

Fourdrinier Kraft Board Inst. “(616) 344-0394

280 Park Avenue :

New York, New York 10017 Cigar Box Mfrs., Inc.

(212) 687-9226 245 Park Avenue

New York, New York 10017
Internat'l. Material Management Soc. (212) 682-7700
214~B Huron Towers

2200 Fuller Road The Containerization Institute, Inc.
Ann Arbor, Michigan 15 East 40th Street
(313) 761-5858 New York, New York 10016

: (212) 686-1824
*Glass Container Mfrs. Inst., Inc.

330 Madison Avenue Detachable Container Ass'n.
New York, New York 10017 - 1629 K Street, N.W,
(212) 682-5533 Washington, D.C. 20006

(202) 659-4032
Drug, Chemical & Allied Trades

Ass'n., - Inc. . Corrugated Container Institute
350 Fifth Avenue 108 South Kentucky Avenue
New York, New York 10001 Box 1752
(212) 736-8884 : Lakeland, Florida 33802

, (813) 688-5425
American Inst. of Food Distribution

28-06 Broadway ‘ Nat'l. Fed. of Food Distributors
Fair Lawn, New Jersey 07410 1511 K Street, N.W. ,
(201) 791-5570 : Washington, D.C. 20005

. (202) 783-7330
Aluminum Foil Containers Mfrs. Ass'n.

Box D *Fibre Box Ass'n.
Fontana, Wisconsin 53125 224 South Michigan Avenue
(414) 275-6838 Chicago, I11inois 60604

(312) 663-0250
American Veneer Package Ass'n,
1225 1/2 North Orange Avenue
Orlando, Florida 32804

*Indicates usable data received.
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end-use matrix--Continued

Wirebound Box Mfrs. Ass'n.
1211 West 22nd Street
Oak Brook, I1linois 60521
(312) 654-3020 °

Textile Bag Mfrs. Ass'n.
518 Davis Street
Evanston, I1linois
(312) 328-3339

60201

Steel Shipping Container Inst.
2204 Morris Avenue

Union, New Jersey 07083

(201) 688-8750

Soc. of Packaging & Handling
Engineers '

14 East Jackson Street

Chicago, I1linois 60604

Produce Packaging & Marketing
Ass'n. s Inc.
Box 674
Newark, Delaware
(302) 737-2600

19711

Plastic Container Mfrs. Inst.
Box 141
Rumson, New Jersey 07760

Plate, Cup ‘& Container.Inst.,
Inc. B .

250 Park Avenue

New York, New York. 10017

*Paperboard Packaging Council
1250 Connecticut Avenue, N.W.
Washington, D.C.

(202) 872-0180

Paper Shipping Sack Mfrs. Ass'n.
60 East 42nd Street
New York, New York 10017

Nat'l. Decorated Packaging Ass'n.
Suite F 210 . :
Merchandise Mart
Charlotte, North Carolina
(919) 332-2438

28202

Nat'1l. Safe Transit Committee, Inc.
45 East 22nd Street
New York, New York
(212) 674-4140

10010

Package Designers Council
299 Madison Avenue
New York, New York
(212) 682-1980

10017

The Packaging Institute, Inc.
342 Madison Avenue
New York, New York
(212) 687-8874

10017

Packaging Machinery Mfrs. Institute
2000 K Street, N.W.

Washington, D.C. 20006

(202) 338-2800

Nat'l. Paper Box Ass'n,
Room 910

121 North Broad Street
Philadelphia, Pennsylvania
(215) 563-8746

19107

Nat'l. Paper Box Suppliers Ass'n.

286 Clawson Street

New Dorp, Staten Island, New York 10306

(212) 351-1765

Nat'l. Inst. of Packaging, Handling &
Logistic Engineers

Box 7393

Washington, D.C. 20044

Nat'l. Flexible Packaging Ass'n.

12025 Shaker Boulevard

Cleveland, Ohio 44120

(216) 229-6373

Nat'l. Canners Ass'n.
1133 20th Street, N.W.
Washington, D.C. 20036
(202) 338-2080

Nat'l. Barrel & Drum Ass'n.
Suite 807

1028 Connecticut Avenue, N.W.
Washington, D.C. 20036

(202) 296-8028

" *Indicates usable data received.
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‘Annual_ totals for each of‘tﬂe 28 packaging material categories
were obtained primarily from Modern Packagjng;Ehcyc]opedia, which Tists
the quantity and value of packaging materials shipped, and updates
these data on an annual basis, and from C&P. Some of these data
were also checked and verified with Mr. Cleveland T. Ealy of the
- Department of Agriculture (DA) who has been responsible for maintain-
ing current data on the value of materials used in packaging farm
products as part of the annual Farm Bill prepared for Congress.
The packaging data collected measure total production or
shipments in a given year; no allowance for imports and exports was
included except as otherwise noted in the detailed source descriptions’
in section A.1:1. Such exclusion introduces an error of less than
one percent in the distribution of totals. In 1970, the value of
consumer products packaging exports was $107,059 thousand (current)
dollars, about 0.8 percent of the total value of domestic production
(ref. 2). The major export'item was plastic containers which represent-
ed 20 percent of the value of 1970 exports of consumer products pack-
aging. Imports of consumer products packaging in 1970 were $35,516
thousand (current) dollars, 0.3 percent of the value of domestic product-
jon (ref.Z). Metal containers were the major import item. |
In general, the data for glass containers and for metal packaging,
products are more reliable since greater detail on packaging consump-
tion-by end-use categories was available from published data sources.
Paper and plastic packaging materials are not as well documented as to
the exact items that use these individual materials. The summary of
Current Industrial Report data (table A-2) illustrates that glass and -
some metals and plastics data are published by end-use product, whereas
. most plastic and all paper packaging materials data are kept only on a
national total basis by the particular type of packaging product rather
than by end-use. SubSequent]y, considering these and other data sourceé,
the materials-by-end-use matrix was developed with relative confidence in
the data shown in descending order: (1) glass, (2) metals, (3) plastics,
and, (4) paper. : , ;
Since some additional data were available for 1963 and 1967 from the
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Summary of data listed in Current Industrial Repokts and in
containers and packaging

Table A-2.

Packaging Units Type
Material Used Data Level of Detail
Consumer products:
Glass Million Shipments 1) Bottles
gross 2) Jars
Aluminum Thousand Consumption | Sonsumer products:
foil pounds 1) Semirigid
2) Flexible
Container Thousand National totals:
closures units Shipments 1) Caps (10 categories)
2) Crowns (1 category)
Metal Thousand Shipments Consumer products:
cans base boxes 1) Steel
2} Aluminum
Selected Values($) Shipments National totals:
plastics 1) Plastic film (5 categories)
2) Foamed plastic
3) Laminated sheets, pads, tubes
4) Packaging & shipping container
B]ow-mo]ded Thousand Shipments Consumer products
© plastic units : :
. bottles
Selected Value ($) Shipments National totals:
flexible and 1) Bags (3 categories)
packaging quantity 2) Printed rolls & sheets
3) Oiled & waxed paper
Paper and Short tons Production National totals:
" paperboard 1) Wrapping
A 2) Shipping
3) Other bags & sacks
4) Glassine, greaseproof,
vegetable parchment
5) Other
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Census of Manufactures, the first step in developing a matrix was to form
a complete value and quantity matrix for the year 1967. This matrix then
provided a guide with which to develop matrices for the other years of

_ interest.in the data base. For each yeaf, the matrix on value of ship-
ments was completed first, using the annual totals discussed above from
MPE. The annual totals for value of shipments were developed first in
~order to check with national totals as reported by the DA, Census Bureau,
~ and various trade associations. Annual totals for the quantity of
packaging products shipped were then developed from the various sources
discussed above. Where distributions of packaging products by end-use
items were available, these were then filled in and adjusted to the annual
totals. Where no data were available, a notation was made signifying
materials use or nonuse of the packaging material for the particular
consumer product. These decisions were made after extensively reviewing
" the trade literature. The remainder of the annual total quantity was
distributed on the basis of consumer expenditures.

"+ Most data were found in the form of shipments of a packaging material
for a éi&en calendar year. Some data are for either production or con-
sumption. It was assumed that all materials are produced, the materials
are used to package end-use items, and the end-use products are consumed

during the same calendar year.

Value data were initially collected using the prices prevailing in
~ the year of production. In order to make meaningful comparisons of the
value structure between years, it was necessary to deflate the current
"~ dollar values to constant dollars. Efforts were made to obtain separate

price indexes for each of the 28 packaging materials. The data source
~ and price series used to adjust dollar measures to 1967 prices are
presented in table A-3.

As raw data, quantity information was obtained in various physical
units; pounds, base-boxes, number of containers. Quantity data were
standardized to short tons on the basis of conversion factors shown in
tables A-4 and A-5; short tons were subsequently converted to metric
tonnes for presentation and model development.

A.1.1 Specific Packaging Data Sources

The following provides a detailed description of the sources
and procedures used for each of the 28 packaging materials to obtain Qata
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Table A-3. Wholesale price indexes for packaging

Packaéing .
container 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970
Paper
Bags 93.7 92.4 92.1 92.8 89.4 80.5 83.0 91.9 96.5 100.0 92.7 96.2 103.9
Sacksl 97.2 95.9 95.6 95.1 93.9 4 86.7 92.8 98.5 100.0 94.4 93.2 106.6
‘Setup boxes® 90.9 90.9 90.9 911 92.0 93.7 94.5 95.6 97.7 100.0 104.8 108.1 112.5
Folding boxes 96.9 97.2 100.4 95.1 98.5 98.5 95.8 95.5 97.8 100.0 101.6 104.4 108.2
Sanitary . ,

'foodboard3 96.5 97.4 98.7 98.9 99.3 99.1. 100.3 98.6 99.1 100.0 100.0 100.1 102.6
Fibre ‘cans4 94.6 95.4 96.7 96.9 97.3 97.1 98.3 99.3 97.7 100.0 102.7 104.5 108.3
Container

board> 106.6 106.6 106.2 97.4 98.5 100.9 103.9 103.0 103.8 100.0 93.1 97.1 99.2
:0ther paper

packaging6 90.7 91.5 92.7 92.9 93.3 93.1 94.2 94.6 97.5 100.0 102.5 101.7 100.9

Glass
Jars 100.5 100.5 94.6 92.6 91.5 91.5 93.3 - 94.6 97.9 100.0 107.7 WN15.4  120.7
Bottles,

refillable’ 100,2 100.2 100.9 101.4 99.5 99.5 98.7 99.4 99.7 100.0 107.8 114.7 120.0
Bottles, non- )

returnable/ 100.2 100.2 100.9 101.4 89.5 99.5 98.7 99.4 99.7 100.0 107.7 114.3  120.4

Packaging
container 3958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970
‘Metal
Metal cans 8 89.6 89.4 89.5 91.} 92.6 93.3 94.1 96.0 98.2 100.0 103.7 106.8 112.3
Barrels 98.9 97.? 93.5 93.3 93.3 95.4 96.3 96.3 98.2 100.0 103.3  107.3 14.
Collapsible .
tubes 105.2 104.4 102.2 100.6 100.7 100.6 101.2 99.4 99.0 100.0 106.1 111.5 116.9
Other meta|9
packaging 95,5 97.0 96.8. 96.5 96.1 96.3 97.1 97.6 98.9 100.0 102.3 107.0 114.2
Nuﬁ.r_n_.uge )
Cans £9.6 89.4 89.5 9.1 ‘92.6 93.3 941 96.0 98.2 100.0 103.7 106.8 112.3
Aluminum foil B
contatners 10 96,1 95.3 98.1 98.5 97.2 97.2 98.0 99.1 99.1 100.0 100.2 105.4 106.2
Colliapsible . .
tubes - 105.2  104.4 102.2 100.6 101.1 101.0 101.5 99.6 99.2 100.0 104.6 106.0 108.0
Othér aluminum .
packaging!l 99.8 99.5 104.3 102.2 95.7 90.7 95.1 -98.2 98.2 100.0 102.5 108.4 115.2
Plastic
Flexible p1asr.1c_]2 -
packaging 113.4 108.4 108.1 103.2 102.9 100.7 99.9 99.2 99.8 100.0 78.4 79.9 85.8
Molded plastic 13 :
‘containers 113.4 108.4 108.1 ] 103.2 102.9 100.7 99.9 99.2 99.8 100.0 98.9 88.3 78.3
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Notes on Wholesale Price Indexeg, Table A-3

Source: Packaging and Containers, U. S. Department of Commerce, Business
and Defense SerV1ces Administration, unless otherwise noted

]1958 and 1959 data are estimated on basis of relative changes in price.

series for "paper bags".
2Sém‘es derived from price indexes for candy boxes and shirt boxes, weighted
by quantities consumed.

31967-1970 observations provided by Bureau of Labor Statistics. 1964-1967

series derived from price indexes for milk cartons, frozen food cartons,
and cups, weighted by quantities consumed. Prior to 1964, data are
estimated on basis of relative changes in price series for "other paper
containers",
4Data from 1958 1963 are estimated on basis of relative changes in price
series for "other paper containers"

5Series on container board material.

6Nho]esa]e price series for paper products from Business Statistics, U. S.
Department of Commerce.

7Prior to 1967, series includes all beverage bottles.
8Includes steel and aluminum, Prior to 1967, series includes all metal
containers.

9Series provided by Bureau of Labor Statistics on steel mills, SIC Code 3312.

10

Aluminum foil material price series from Packaging and Containers.

]]Aluminum ingot price series from Packaging and Containers.

IZP]astic PE resin, low, packaging film price series from Packaging and

- Containers for 1967-1970. Prior to 1967, wholesale price index for plastic
resins and material from Handbook of Labor Statistics, Bureau of Labor
Statistics. -

13P]astiC'PE resin, high, blow molding price series from Packaging and
Containers from 1967-1970. Priaor to 1967, wholesale price index for plastic
resins and material from Handbogk of Labor Statistics, Bureau of Labor '
Statistics.
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Table A-4. Conversion units. to standardize data into some measure of weight

Packagtng one it of weiont N s

Metal caps 1 million pounds = 70.2 million units

P]asfic caps 1 million pounds = 122.5 miTlion units

Metal crowns . 1 million pounds = 116.6 million units

Collapsible tubes 1 million pounds = 37.0 million units

Aerosol cans , 1 shorF ton = 11.3 thousand units

Table A-5. Factors for convertinag alass containers
into a measure of weiaght
(nounis per oress)

Soft drinks

Beé;
Year R' NR R NR ' A1l other
1958-62 99.0  66.0 141.8  107.2 72.6
1963 © 97,2 65.9 141.8  106.7 73.7
1964 o 98.2  65.2 140.2  107.4 74.8
1965 91,4 6.5 - 139.5  98.3 75.7
1966 - 85.8  68.2 141.3  89.4 76.3
1967 86.4  66.6 141.0  86.4 | 77.1
1968 86.5  68.4 141.1 87.3 78.9
1969 ©89.5  68.5 139.5  92.7 78.7

1970 89.9  71.0 137.0 96.6 T 80.5

Key: R = returnable; NR = nonreturnable
Source: Glass Containers Manufacturers Institute.
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stratified by consumer product. -
A. Flexible Paper
1. Waxed and oiled. Current Industrial Reports and C&P

were used to obtain annual shipments reported in short tons
and dollar value. Total shipments were distributed into
consumer product categories on the basis of current value
of consumer expenditures. Consumer product users cf waxed
and oiled paper were identified from infurmation in
Paper Yearbook and Paper World.
Laminated. Same as waxed and oiled.
Grocery, variety, and specialty bags. MPE was the basic
source of annual quentity and value totals. MPE data on
value of bacs and value of specialty bags used to distribute
combined guantity data between grocery and specialty bags.
Quartity of <nipments was distributed intc consumer product
categories or basis ¢f current vaiue of consumer expenditures.
Product users of bags identified from informatior in Paper

Yearbook and Paper Worid.

Glassine. Same as waxed and oiled
5. Faper closures. A1l used for cairy producté, with quentity
data obtained from C&P.
B. Rigid Paper or Paperboard
1. Folding boxes. Total annuel guantity was found in Paperboard
Industry Statistics, American Paper Institute; units are in

tons of production for domestic use. From MPE, the end-use
distribution was obtained on shipments tc each end-use. Data
cn other food users were distributed or basis of consumer
expenditures, with users identified through Paper uWorld or
Paper Vearbook.

Setur boxes. Frocedures seme es fcr folding boxes.
Sanitary foodboard. Totel annual quartities were obtained from
raperboard Industry Statistics, American Peaper Institute, in

tons production for domestic uze. The 1967 Census of Manufactures

reports 1363 and 19€7 distribution ¢f sanitary foodboard between
dairy and nondairy. The preoportion remained constant between
these twc observations and was therefore used to obtain
cuantities for dairy and other foods for the entire period.
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Other food users were identified from Paper World and Paper
~ Yearbook and quantities were obtained by distributing other
food total by consumer expenditures .
4. Fibre cans. Annual totals were obtained from MPE in short
' tons and dollars. Distributed into consumer product users
on basis of consumer expenditures. Users identified from
Paper Yearbook and Paper World.

. Flexible Plastics
' ”1,' Cellophane. (MPE) was used for total annual quantity in

~ millions pounds and dollars and for distribution of total
end uses. Modern Plastics was used to determine specific

other food and nonfood categories; consumer expenditures were
used to distribute.
. Polyethylene. Procedure as in cellophane’

3. Polypropylene. Procedure as in cellophane"

4. Plastic sheet. Value reported in MPE was used to determine
proportional share of all plastics, then applied to quantity.
End-use quantities based on consumer expenditures.,

5. Other flexible. Residual quantity, end-use categories devised
to consider all other alternatives to above mentioned except
where market reports indicated specific other usage. '

6. Plastic closures. Quantity (in units) from Current Industrial
Reports, all in other nonfood. Dollar value from MPE.

Rigid Plastic Containers

1. Bottles. MPE was used for annual total quantity, in million
pounds and dollars. Current Industrial Reports data on end-use
distribution of units coverted to proportionate distribution
and applied to total quantity.

2.  Other containers. MPE, annual total quantity, million pounds

and dollars.  User categories identified from Modern Plastics,

total quantity then distributed on basis of consumer expenditures.
'§£§§l :
‘1. Steel cans. Total quantity found in MPE, in thousands of tons
and dollars. The distribution of shipments in MPE is the basis
for end-use data.
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2. " Aerosol cans. Million units (annual) and dollar value comes
| from MPE; distributed into user categories on basis of consumer
expenditures. Categories are identified from the Can Man-
ufacturer Institute publication, Annual Report: Metal Cans
Shipments (various years).
F. ATuminum
1. Aluminum cans. Total quantity thousands of tons and dollars.
MPE distribution of base boxes translated into proportion
applied to total.
2. Collapsible tubes. Data from MPE on several nonfood categories
in number of units and dollars.
G. Flexible Aluminum
1.  Aluminum foil. Dollar value and millions pounds of shipments
in MPE, distribution obtained from C&P.
2.  Aluminum plates (semirigid foil). MPE has annual total in
millions pounds and dollars. End-use categories identified
from trade association publications and consumer expenditures

were the basis for distribution.
H. Metal Closures ,
1.  Crowns. Total quantities from C&P in million units; end-use
data also found in C&. Dollar value from MPE.
2. Caps. Distributed into all end-use categories that use cans
or glass jars on basis of consumer expgnditures. Totals were
obtained from C&P, dollar value from MPE.

1. Glass

1. Jars. C&P has data on shipments in million gross. The amount
distributed in dairy foods came directly from C&. Other food
distributed on basis of consumer expenditure into end-use
identified in Glass Containers Annual.
Returnable bottles. A1l data from C&P in million gross.
Nonreturnable. Total from C&P and beverage data from C&Pp.
Other food distributed as in jars.

A.1.2 Consumer Expenditure Data |

In collecting expenditure data on theAidentified consumer

product categories, each of the products listed in Supermarketing magazine
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was classified by SIC code, in order to check and 1nvest1gate differences
between these data and the data obta1ned “from Census information.

Consumer expenditures in each of the or1q1na] 65 categories were ‘obtained
for each year during the- per1od 1958 through 1970. Supermarketing
magazine provided the basic data for all food expenditures and most

nonfood categories. Expenditures for a few general merchandise items
were not listed in Supermarketing issues and were therefore obtained

from the Bureau of Labor Statistics. The €5 consumer product categories
were subsequently aggregated to 30 commod1t1es due to ava11ab111ty of
packaging information. f

Quantity and value data for 9 packag1ng materials and 30 consumer
products for each year (1958-70) are presented in matrix form in tables
A-6 through A-11.

These are the definitions for the codes used in the tables that fo110w:

Column headings are years: 58 = 1958, .etc: '
_'b. . Horizontal grouping identification numbers are:

ID 1 = Baked Goods

ID 2 = Dairy Products

ID 3 = Frozen Foods

ID 4 = Fresh and Cured Meat

ID 5 = Fresh and Cured Fish and Seafood
ID 6 = Fresh and Cured Poultry

ID 7 = Produce

ID 8 = Distilled Spirits

ID 9 = Wine

ID 10 = Beer

ID 11 = Soft Drinks

ID 12 = Prepared Beverages

ID 13 = Candy and Chewing Gum

ID 14 = Canned Foods

ID 15 = Cereals, Flour, and Macaroni
ID 16 = Pet Foods

ID 17 = Tobacco Products

ID 18 = Other Foods

ID 19 = Soaps and Detergents

ID 20 = Other Cleaning Supplies

ID 21 = Pesticides

ID 22 = Other Household Supplies

ID 23 = Packaged Medications

ID 24 = Oral Hygiene Products

ID 25 = Cosmetics and Hand Products
ID 26 = Hair Products

ID 27 = Shaving Products

1D 28 = QOther Beauty Aids

ID 29 = Other Health Aids

ID 30 = Other General Merchandise

123



ID 31 = Total (copsumer products)
¢. Line identification numbers are:

; Flexible paper and paper closures
Flexible plastics and plastic closures
Metal closures
Flexible aluminum
5) Rigid paper
6) Rigid plastics
7) Glass
8) Steel
(93 Rigid aluminum
Total (packaging materials) \
(PCE) Personal consumption expenditures (million 1967 dollars)

REFERENCES

1. Modern Packaging Encyclopedia and Planning Guide. Published
annually. New York: McGraw-HiIT.

2. U.S. Department of Commerce, Bureau of Domestic Commerce, Containers
and Packaging 24, No. 1 (April 1971).
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quantity structure of packaging by‘cbnsumer product, 1958-70
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Table A-6. The quantity structure of packaging by consumer

(percent distribution)

product, 1958-70--Continued
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a.17
1.15
0.06
54.93
0.00
0.00
0.00
0.00
100,00
Se9,4

CH

39.70
q.00
1.0%
0.0%
SS5.18
0.00
0.00
0.00
0.00
100,00
3055,3

65

35.33
11.05

6.00.

0.0C
S3.¢€2
0,00
0.00
0.00
0.00
100.00
9897,.9

65
19.68
0.00
0.00
0.00
20.47

0.00

$9.84
0.00
0.00
100,00

05786,4

66

37.014
3.59
1,00
0,03
58,31
0,00
0,00
0.00
0,00
100,00
554.3

66

37,07
3,65
1,01
0,04
s8,23
0,00
0,00
0.00
0,00
100,00
3185,6

66
32,77
12,48

0.00
0,00
54,75
0,00
0.00
0,00
0,00
100,00

9780,3

66
18,48
0,00
0.00
0,00
2C .89
0.00
58.63
0,00
0.9%0
100,00
6673,1

67

39.12
4,02
1.07
0.05
$5,.73
0.00
0,00
0.00
0.00
100.C0
$38,0

67

39.é4
3.86
[
0.5
$5.50
0.00
0.00
0.0
.00
100.€0
3174.0

87
35.49
11,34

0.00
0.60
53.17
0.0
0.c0
0.c0
0.0
100,00
0921.0

67

18,72
0.00
0.00
0.00
20.54
0.0
60.34
0.00
0.60
100,00
6969,0

(14
38,44
3,84
¢.82
0,08
Se 8¢
0.00
€.00
0,00
0.60
10C.00
530.5

13

32,52
3,72
0.54
c.C4
S¢,78
0,00
0,00
0,00
c.co
10C,00
3217.3

68
34,58
11.32
0,00
0.C0
54,08
0,00
0.00
6.C0
6,00
100,00

§769,8

&8

18,20
6.00
0.00
0.00
20,43
0.c0
61,38
c.00
C.00
100.00
7175,$

(3

38,75
3,74
1.07
0,0%
56,39
0,00
0,00
0,00
0,00
100.0C
532,¢

69

38,75
3,70
6,98
0,04
56,53
0,00
0,00
0,00
0,00
100,0C
3283,5

69
sa,68
12,38

0.0C
0,00
52,94
0.0¢
0,0¢
0,00
0,00
100,00
9943,3

69

18,91
0,00
0,00
0,00
19,52
0,00
61'1,
0,00
0,00
100,00
7122,9

70
e, 7!
3,82
1,05
0,05
56,36
0,00
0,00
0,00
0,00
100,00
25,4

70

38,72
3.80
0,98
°-°“
56,06
0,00
0,00
0700
0,00
100,00
3396,7

70
34,53
12,98

0,00
0,00

T 52,52
0.00
0.00
0,00

" 0,00
100,00
102487,4

70
18,84
0,00
0,00
0,00
18.79
0,00
62,40

0,00

0,00
160,00
7060,9
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Table A-6. The quantity structure of packaging by consumer product,

(percent distribution)

1958-70--Continued

|
|

- -
OO~ WVMEUN p=)
o

PCE

10 ¢

DE®NOC N E WA~

10
PCE

—
L=
-
-

-
OOO*‘OU\DHND“

PCE

PCE

12

v
[+

0,00
0,00
0,00
0,00
0,00
0.00

100,00
0,00
0,00

100,00

669,9

58
0,00
0,00

11,00
0,00
7.87
0,00

27.3¢6

53,77
3,00

100,00

§552,4

58
2,13
0,00
3.75
0,00
5.28
0,00

84,42
4,ul
0,00

100,00

2713,9

58
2.61
0,00
0,22
0,12
9,24
0,00

67,14
20,67
0,00
100,00
2540, 8

0.00

0,00
0.00
0,00
0.00
0.00
100,00
0.0
0.00
100,00
81,4

59
0.00
0,00

f0.41
0,00
T.65%
0,00
28.29
53.65
0.00
100,00
Sé662,0

59
2.20
.00
3.7
0.00
5,30
0.C0

83,42
S.38
0,00

100,00
2778,2

59
2.52
0,00
0.20
0,11
9.07
0.00

(65,74

22.36-

0,00
{00.00
211¢2,5

0.00
0,00
0,00
0.00
0.00
0.00
100.00
0.00
0.00
100.00
660,14

60
0.00
0.00
9.09
0.00
7.0%
0.00

3o,
us.,79
0.00
{10C¢.00
S482,9

60
2.27
0.00
3,24
0.00
S.C6
0,00

81.74
7.68
0.00

100.00
2788.2

80

2.64
0,060
0.18
0.1l
9.02
0.00
66,58
21.47
0,00
100,00
2810.6

'Yy
6,00
0.00
8,72
0,00
6.25
0.00

39.76
45.27
0.00
100,00
Syu2.4

61
2.22
0,00
3.3
0.00
5.05
0,00

7.7
11.66
0.00
100.00
2756,.8

61
2,48
.00
0.18
0.12
B.SS
c.00

85.94
22.33
¢.Cco
100,00
2893.8

62
0.00

0.00

0.00
.00
0,00
0,00
100,00
0.00
0.00
{co.0¢
713,84

62
t.00
.00
g.a
0,00
¢, 24
H,00

43,50
uy,8s
0.00
106,00
5571.8

62
1.64
0,00
2.78
0,00
4,28
06.00

7e.29
12.72
0,00
100,00
2823.5

62
2.56
0.00
06.18
0.15

- e.92
¢.00
66.56
21,63
0.00
106.00

29ul,é

63
6.00
0.00
7.90
0.12
6,07
0.00

ub,63
19.27
0.00

100.060

s7r2,4

3]
1.7¢6
0.00
2.%0
0.00
3.9¢
0.00

78,70
13.04
0.00
ton,00
2782.8

6%
2.t4
0.00
6.19
0.15
S.7¢
e.CC
66.89
20,37
6,00
100.00
3033,1

68
0.00
0.00
0.00
0,00
0.00
0.00

100.00
0.00
0.00

100,00

aoe.e

6
0.00
0.00
7.80
0.08
£,93
" 0,00
50.35
35,85

.00
100.00
5908,2

6d

1.65
0.00
2.25
0,00
3.%7
.00
77.05
15.47
0.00
100,00
2722.0

[Y')
2.70
0,00
0.19
0.13
G.68
.00

706.95
1¢ .35
6.00
10¢.69
2840.6

+ 65
0,00
0.00
0.00
0,00
0.00
0.00
100.00
0.00
0.00
100.00
839,3

(3]
0.00
0,00
7.47
0.08
S.86
0.00

St.8¢
36.73
0.00
106.00
51006,.4

65
1.78
0.00
2.117
0.00
3,55

. 0.00
73.31
19.20
0.00
100,00
3029.6

65
2.83
0.00
0.18
0.12
9.¢3
0.65

70.81
16.58
0.00
100.00
2670,7

66
6,00
0.00
0,00
0,00
0,0¢
0.00

100,00
6,00
0.00

100,00

9ei.l

66
0.00
0.00
6,68
0.0¢€
6,586
0,00

52,36
34,32
0.00
100,00
6244,

b6

t,47
0,00
{.74d
0,00
3,53
0,00
71.93
21.33
0,00
100,00
3151,8

Y
2.83
0,00
0,18
0,16

10,65
0.11
66,69
16,38
0.00
100.0C
2684,7

67
0.60
0.00
0,00
0.00
0.00
0.0

100.0¢
0.60
0.¢0

100,60

9%8,0 -

67
0.00
6.00
hotS
0.ce
S.71
.00

56.13
27.23
6.66
106.0C
6137.0

67
1.29
.00
1.44
0,00
?.67
6.90

72.80
el.t!
0.79
100.00
3032.0

67
2.22
0.00
0.1¢
0.zl
e,z8
£.35

71.24

15.P7
fed

ton.0

2807,0

68
0.00
c,00
.00
0,00
¢.00
0.0¢

10€,C0
¢.CC
c.Co
10c.00
946,65

[
0,00
¢.to
.68
.10
c,33
6.C0

52,92
26,39
¢,28
10C.¢0
61518

se
1.12
.00
1,22
0,00
2.15
.00
70.19
23,26
1.85
100,00
3044.¢

(13
2,17
0,00
0.1¢
.18
S.¢3
6,23
7¢.3%
1e,.t8
t.co
106.¢0
28ES,¢

69

0,00
10,00
0,00
0,00
0,00
0,00
100,00
6,00
0,00
100,¢0
1297,¢

69

0,00
-0,00
6,39
0,06
S, 14
0,00
§7,3¢
25,32
5,74
100,0C
£226,8

L
2,78
0,00
0,1¢
0.17
9,33
0,37

72,21
14,9¢
0,60
100,00
-3029.3

70
0,00
0,00
0,00
0,00
0,00
0,00

100,00
0,00
0,00

100,00

1288,¢

70
0,00
06,00
5,59
0.09
4,87
0,00

56,81
27,32
5,62
10¢,00
6279,2

70
0.85
0,00
0,96
0,00
1,63
0,00

77.35
16,93
2.28
100,00
3qee,7

70
2,80
0,00
0.16

" 0,15
9,22
0,46

70,22

12,98
€.01

106,00

27¢2.7
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10 13

DO NEVN

10

PCE

OD®NONEWN-

10
PCE

ID 15

-
© DHOP NG NE W

PCE

10 1

OO0 NEWN -

10
PCE

10 1

S8
30,74
20,92

0.00
2,585
45,80

0,00

0,00
0,00
0,00
100,00
2356,2

58
0,00
0,00
0,11
0.00
2,77
0,00

17,54
79,58
0,00
100,00
5004,4

58

55.75
4,995
0.00
0,00
49,26
0,00
0,00
0,00
0,00
100,00
{972,.6

%8
3,03
0,00
1,65
0,00
0,00
0,00
0,00

95,32
0,00
100,00
942,4

59

20,22
0.00
2.45

46,68
0.00
0.00
0.00
0,00

100,00
2375,9

59 .
0.00
0,00
0.41
0.00
2,89
0.00

19.17
77.83
0.00
100.00
S062,1

89

45,87
S.08
0.00
0.00
49,05
0,00
0.00
0,00
o.oo
100,00
1968,4

99
3.26
0,00
1.74
0.00
0,00
0,00
0,00

95,00
0,00
100,00
560,4

60
31,09
20,53

6.00
2.27
4s,11
0.00
0,00
0,00
0,00
100,00
2524.,3

60
0,00
0.00
0.10
0.00
2,83
6.00

19,32
77.75
0.00
100,03
5272.5

60
4o, 83
S.1t
0.00
0,00
ge.2s
0.00
.00
0.00
0.00
100.00
1663,9

60
3,09
0,00
1.62
0.00
0,00
0.00
0,00

95,28
0,00
100,00
574,7

61
29,47
20.73

0,00
2.28
47,52
0.00
0.00
0,00

6.00 -

100,00
2934.5

o1
0.00
0,00
c.14
0.00
2.83
0,00

19.30
71.717
0,00
100,00
5569,.8

(3
4S5 .45
5,34
0.00
0,00
49.22
0.00
0.00
0.00
0.00
100.00
2009,0

o1
3.3¢6
0.00
1.78
.00
9.00
0.00
0.00

94,89
0,00
100,00
590.,1

62
30,84
20.60

0.00
2.40
Q6,84
0,00
0.00
0.00
0.00
100,00
303S.14

62
0,00
0.00
0.11
0.00
2.75
0.00

19,64
77.54
0.00
100.00
SuRr9,3

62
av.21
S5.23
T 0,00
0,00
47.56
0.00
0,00
0.00
0.00
100,00
2028,6

62
3.20
0.00
1.60
0,00
°.°°
0.00
0.00

9%.20
0.00
100.00
622.9

63
30.3¢4
20,13

0.00
2.1¢0
47.02
6.00
0,00
0.00
0,00
100.00
3034.4

61
0,00
0.00
0.12
0.00
3.28
0,00

22.61
73.98
0,00
100,00
5718.4

63
46.87
5.93
0.¢0
0.00
47,20

0,00

0,00
0,00
n,00

100.00

2078,2

63
3.49
0,00
1.74
0.00
0.00
0.00
0.00
94,77
0,00
100.00
650,85

b4
26,53
23.01
.00
2.19
4t 27
0.00
0.00
0.00
0.00
§00.¢0
27¢2.9

6l
0.00
0.00
0.11
g.00
3.14
06.00

22.59
Ta.16
0,00
106.00
8685,2

(1)
97,49
£.19
€.00
0.00
46,32
0.00
0,00
0.00
_ 0.00
100,00
2141.0

(1]
3,58
0.00
1.77
0,00
0.00
0.00
0.00

94,68
0,00
10¢.00
83,0

6S

31.98
21.51
0.00
2.68
q43.82
0.00
0.00
0.00
0.00
100.00
2888,7

[1]
0.00
0.00
0.11
0.00
3.2¢
0.00

23.6"
73.04
0.00
100.00
S921.5

6S

48.s2
5.83
0.00
0.00
45.65
0.00
0.00
0.00
0.00
100.00
2216,4

65
3.60
0.00
.76
0.00
0.00
0,00
0.00

94,64
0.00
100,00
735.5

66
28,64
21,47

0,00
2,09
47,80
0.00
0,00
0,00
0,00
100,00
3332,

66
0,00
0,00
0,11
0,00
3,82
0,00

23,05
73.02
0.00
100,00
8760,4

(1)

44,07
6,22
0,00
0,00
a%,71
0,00
0,00
0,00
0,00
100,00
2186.3

66
3,59
0.00
1,75
0,00
0.00
0,00
0,00

9U, 66

0.60
100,90
794,.5

67
28.%4
22,40

0.00
2.81
46,05
0.00
0,00
0.00
0,00
100,060
3087.0

67
.00
0.C0
0.11

“0.00

.52

0.00

25,92
69,57
0.9
100.€9
6073.0

(3]
4e6.17

8,38

0.09
0.00
45.45%
0.00

0.00 -

0,00
0.00
100,00
2i78.0

67
3.21
0.c0
1.5
0.,%0
0,00
0.00
0.00

Qu.77
0,00
100,00
849,90

68
25.54
21,78
0,00
2, ue
4¢,20
¢,00
0,00
0100
oioo
100,00
2956,3

se
¢.00

c.00.

6.10
olﬂo
3.3
0,00
248,47
71.04
1,08
108,00
6051.7

68
4%,5S
e,ss
0,00
.00
4%,90
0,00
6,00
0,00

0.00 °

100,00
2230,1¢

Y.
J.o0e
6,00
1.42
¢.60
0,00
0.00
0,00
94,90
0,00
100,00
904,8

6%
29,80
23,095

0,00
2.7
a0,84
0,00
0,00
0,00
0,0C
100,00
2810,7

1)
0,00
0,00
0:’1
0,00

T %,8%
°l°°
26,98
68,28
1,17
100,00
6260,%

69
86,48
10,03

0,0¢
0.00

© 83,58

0,00
0,00
0,00
0,00
100,00

2261.4

69
3,52
0,00
1.7¢
0,93
0,00
0.60
0,00

93,78
0,04
100,00
970,7

70
29,63
23,91

0,00
2,484
48,05
0,00
0,00
0,00
0,00
100,00

S 2800,2

70
0,00
0,00
0,11
0,00
3.36
0,00

27.36
67,8
1,7
100,00
61487,8

70
a5,78
10,99

6,00
0.00
43,63
0,00
0,00
0,00
0,00
100,00

C2217.6

10
3,47
0,00
1.55
1,32
0,00
0,00
0,00
193,82

0,04
106,00
1034,.5
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S8
32,61
6,38

0,00

2,85
58,37
0,00
0,00
0,00
0,00
100,00
7519,4

58
5,99
2,07
0,31
0,36

13,48
0,80
68,03
8,73
0,23
§00,00
5564,8

58
7,64
0,00
0,00
0,00

91,99
0,37
0,00
0.00
0,00

100,00

1162,9

S8

23,98
0,00
6,29
0,00
25.80
1,32
42,03
0,58
0,00
100,00
677,14

59

38,92

T.65
0400
4,068
49,37
0.00
0.00
0.00
0.00
100,00
7952,1

59

5,97

2.22
0,38
0. 64
14,51
1.07
67.35
T.84
0.29
100,00
5895,6

59
7.28
0,00
0.00
0.06

92,19
Q.47
0.00
0,00
0,00

100,00
1253,3

59

21.82
0.00
5,99
0.00
24,25
1.39
42,41
4,34
0.00
00,00
s84,2

80
43,93
8,42
0.00
3,92
3.72
0.00
8,09
0.00
0.00
100,00
8152.3

60
6,09
1.88
0.27
0,40

1“.35
2.15
68.00
6.51
0.31
100.00
61¢8,9

-]
7.09
0,00
0.00
0.09

91.9¢
0.90
0,00
0.00

0.00

100,00
$13c2.7

60

19,98
0,00
9.73%
0,00
23.19
2.58
40,56
7.98
0.00
100,00
710.0

51
40,79

8.8%

0.00
6,81
41.57
0.00
e.c0
0.00
0.00
100.00
fuB3.o

L3}

5.95°

2,01
0.28

0,4t

18,17
2.49
66,00
7.36
0.33

100.00

6333,6

41

6,42
6.00
0.00
0.14
90.12
3.33
0.00
0.00
0.00
100,00
1355,2

61
18,04
0,00
5,40
0.00
20.99
9,39
33.41
12.77
0,00

100.00

739,86

82 |
4s.72
8,78
0.00
4,28
41,22
0,00
0.00
0.00
0.00
100.00
8s71.3

62
$,9¢

1,33

60,27
t,36

14,25-

2.8t
67,88
6,84
0.35
100,00
$530.4

62
£.59
5,00
0,00
0.17

88,79
4,06
0,00
.00
0,00

100,00

1406, 1

62

19,29
0,00
a,31
0,00
et.54
10,32
39,04
10,50
0,00
106,00
1111.9

&3
47,08
8,463
0.60
4,09

39,40 -

6.00
0.00
0.00
.00
100,00
8837,

63
6,13
3.3

0,27

6,37
15.06
3.3¢
6c.80,
.0t
n.36

100.00-

s612,7

(3]
6.34
6.00
0.00
n.15

ge.c
4,98
n. 00
0.00
0.00
100.00
1455,%

63
19,27
0.00
5.39
6.00
26,15
15.20
21.14
12,85
0,00
100,00
811.8

L]
47r.22
2.9

5.00

4,31

36.56

e.c0
0,00
0.00
.00
10€.09
8751.13

Y
6,05
0.7%
c.26
e.47

15,22
¢,d9
6¢ .96
£.50
€.40
100.00
6530.7

'Y
4,22
.00
0.00
c.12

8e,08
S.61
0.00
0,00
0.00
100.00
1511.9

Y]
17.29
0,00
4,60
.00
24,24
15.85
15.30
22.91

.00

100.00
836.8

3]
4s.890

11.55

0,00
4,65
38.00
0.00
0.00
0.00
0.¢0
100.00
8992,13

65
6,13
0.76
0.25
0.58

15,40
2.28
69,34
4,86
0.40
100.00
6686,3

b5

5.87
0.00
0,00
0.27
88,12
S.74
0.00
0.00
0.00
100.00
1560,0

65
16,314
0.00
a,ur
0.00
28,76
15.87
14,71
23.88
0.00

" 100.€0

851,¢

113

37,45

10.75
0,00
4,03

4T, 77
0.06
0,00
0,00
0,00

100.00
9201,7

b6

6,00
0,98
0,25
0,58
16,68
3,08
67.69
4,34
0,40
100.00
6751,9

(X]
7.35
0,00
0,00
0.18

84,62
7.83
0.00
0.00
0,00

100,00
162¢,5

(Y3
15,11
0,00
4,41
0,00
15,39

’ 16-10

21,08
27,50
0,00
00,00
B86S,1

67
39.75
10.17

0.c0

3,15,
46,73

6.00
0.00
0.00
0.00
100,00

9293.0

67

S.¢7
1.5¢8
0.22
1.35
18,30
5.8¢
66,17
4,85
0.3
100,00
6521.0

67

T.10
0.0
0.00
0.19
Bu.<7
8.4
0.00
0.0
0,00
100.¢€0
1593.0

67

16.95
0.00
4,21
0.00
16,08
19,00
14,13
c8.e3
€.60
100,€0

'956.0

&8
3e,3¢
11,06

0,00
3,0a
a7 .69
¢.00
0,¢0
€.00
c,00
100,00
6132,3

13
t,.80
2,09
0,22
t.17

16,77
518!
6%,74
4,03
.36
100,00
¢56%5,4

¢e
£,95
9,00
0.00
.18
ge.10
.78
0,00
t.00
6,00
100,00
1620,

68

17.18
€.00
4,69
0,00
17.9¢8
22,52
16,26
27.37
t,00
100,600
S4z.s

6%
37,85
11,3¢

0,00
3,03
28,18
0,00
0,00
0,00
0,00
100,00
BoUe. @

&9
S.61
2.00
0,21
1.43

14,03

4,34
66,5¢
3,.ud
0,38
100,00
boat.3

&9
5.82
0,00
0,00

0,24
85,67
8,2¢
0,00
0.00
0,00
100,00
1636,4

69

18,0¢
0,00
4,06
0.00
16,22
21,3¢
16,46
26,%¢8
8,00
100,0¢C
937.¢

70
38,96
10,65

0,00
3,21
47,18
0,00
0,00
0,00
0,00
100,00
9094,0

70
5,34
2.39
6,21
1,06

13,82.
4,03
6h, 02
3,55
0,39
100,00
6789,1

70
6,21
0,00
0,00
0,32
8a,16
9.%1
0,00
0,00
0.00
100,00
1654,7

70
16,02
0,00

S 8,33
0,00
16,49
23,98
10,25
28,93
0,00
100,00
Sue,2



0tlL

Table A-6. The quantity structure of packaging by consumer product, 1958-70--Continued

w
[

0,00
0,00
2,97
0,00
0,00
0,00
80,81
16,22
0,00
100,00
PCE 147,3

- -
O OPNPV RN <o
2%
s

o

10 22 S8
LIPLY
0,00
1,05
0.00
67,36
0.23
23.93
2,81
0,00
100,00
PCE 1431,6

-
O O® VPGV EWN

1p 2 58
‘T"l 10,53
0,00
2,09
0,07
0,00
0.5%
85,89
0,08
0,84
10 100,00
PCE 959,1

OIS VEWN

10 24 S8
T 10,23
0,00

1,99

0,05

0,00

0,48

81,81

0,08

5,38
100,00

€. 39,9

MMOoOOPNTVEWN

-

60
alal
0,00
0.98
0.00

68.75
0,56
21,65
3.8
0.00
100.00
1725.1

60

10,91
0.00
2,13
0.03
0,00
0.50
85,77
0.13
0,92
100.00
1043,

60
10.51
0.00
2.14
0,08
0.00
0.51
80,61
0.17
- 8,01
100.00

39,0

6!
0,00
0.00
3.16
0.00
0.00
0.00

73.45
23.39
0.00
100,00
167,06

61
4.30
0.00
1.02
0.00

68.92
2,24
20,23
3. 28
0,00
100,00
1821.1

ot

8.56
0.00
1.85
0.03
0.00
0,40
88,09
0.16
0.94
100,00
1094,9

81
8,22
0,00
1,80
0,04
0.00
0.39

83.89
0.13
5.55

100,00
4691

(percent distribution)

(T4
0,00
0.00
b,00
0.00
0,00
0,00

69,67
25,87
0.00
100,00
169,5

62
a.64
0,00
1.04
0,00

72.48
316
15.53
3.1%
0,00
100,00
1904.,5

62
9,92
0.00
2,006
0.03
o'oo
n,62

82.97
0.31
1,09

100.00
1169,.1

62
9,40
°.°°
1.91
0,04
oloo
0,60

82,13
0028
§.63

100,00
ar8,6

63
0.00
6.00
4.n4
0.00
0.00
0.00

74.53
21.43
6.00
100.00
166.1

[} }
5,02
0,00
1,10
0,00

68,38
3.9¢
16.27
S.27
0.00
100.00
1940,9

63

11.39
0.00
2.37
0,03
5.00
0.56
83.70
0.45
1.51
100.00
1211.3

63

10.72
0,00
2.2)
0.0S
n.00
0.5
78,44
0,39
7.867
100.00
498,9

6d
0.00
0,00
3,58
0,60
0.00
0,00
S6.08
3e. .97
_0.00
100,00
164.2

648

4,87

- 0.00
1.07
.00

67.72
6,40

15.05
¢.88
0.00

100.00

1987.0

64
11.27
0.00

2.31

0.03
0.00
0.58

8u,01
0.32
1.48
10€.00

1235.8

)
10.44

0.00

2.16
0.04
0.00
0,52
76.23
0.30
7.3
10¢.00
$35.6

65
12.07
2,03
0,17
0.00
1.09
16,12
0.34
7.79
100,00
555,2

0,00
0,00
§7,25
39.715
0,00
100,00
157.7

66
T.86
0,00
1,61
0,00

61.65
T.91
6,81

14,56
0,00

100,00
