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FOREWORD

Under the Solid Waste Disposal Act of 1970 as amended, the U.S.
Environmental Protection Agency is charged with the study of 'changes
in product characteristics and production and packaging practices which
would reduce the amount of solid waste.'" Beverage containers represent
a significant and rapidly growing fraction of post-consumer municipal
solid waste. The shift from the use of refillable to single-use beverage
containers in the past two decades, has resulted in a significant effect
upon the use of material and energy resources and the generation of solid
wastes and other pollutants. This study identifies the magnitude of these
impacts as they relate to alternative beverage container types.

The report analyzes seven different impact categories: virgin raw
materials use, energy use, industrial solid waste, post-consumer solid
waste, alr pollution emissions, and water pollutant effluents. These
impacts were assessed for each manufacturing and transportation step in
the life cycle of a container, beginning with the extraction of raw
materials from the earth, through the fabrication of the product, use
and final disposal.

To assure the accuracy of the analysis, a draft of the report was
carefully reviewed by industrial and other technical experts. Many
valuable comments were received, and these comments have been incorporated
into the report in its current and final form.

One basic conclusion that may be drawn from this analysis is that
a wide-scale shift from the current "one-way," '"throw-away' container
system to a returnable system which maximized reuse and recycling of
containers would result in a significant reduction in raw material and
energy use, and a decrease in environmental pollution.

We hope that this study will provide a significant exploration of
the resource and environmental impacts of using alternative beverage
containers, and we hope it will assist those seeking to minimize these
impacts as they relate to beverage container consumption.

——ARSEN J. DARNAY
Deputy Assistant Administrator
for Solid Waste Management
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Volume | CHAPTER 1

SUMMARY

This study is a resource and environmental profile analysis (REPA)
of nine beverage container options. The analysis encompassed seven different
parameters: virgin raw materials use, energy use, water use, industrial solid
wastes, post-consumer solid wastes, air pollutant emissions and water pollutant
effluents. These parameters were assessed for each manufacturing and transpor-
tation step in the life cycle of a container, beginning with extraction of the
raw materials from the earth, continuing through the materials processing steps,
product fabrication, use and final disposal.

The nine container systems encompass four basic raw materials--
glass, steel, aluminum and plastic. A fifth basic material is also included
in packaging of the containers; this material is paper.

The analysis encompasses only the relative environmental effects
for the seven categories listed. We have not included envirommental cate-
gories which we judged to be redundant, or for which entirely inadequate
quantitative data existed. Some of the factors excluded were: aesthetic
blight, litter, waste heat and carbon dioxide. Since this is a relative com-
parison of beverage containers, no attempt is made to determine actual en-
vironmental damage arising from beverage container usage as compared to other
product systems or to national or worldwide industrial activity.

The basic assumptions used in this study are detailed in Chapter II.
These assumptions are quite important and the reader is urged to examine them
carefully. Other environmental studies are presently being made available
for public scrutiny, and the basic assumptions of any two studies should be
examined before comparisons between results are made. In addition, we empha-
size that the results contained in this study pertain to comparative impacts
of specific types of beverage containers only. Extrapolation of these results
to other products will likely be invalid, even if the other products are made
of the same materials. For example, the results contained in this study per-
taining to glass and steel beverage containers cannot be applied directly to
compare other products made from glass and steel because of differences in
amounts of materials required, different material compositions and different
manufacturing subsystems employed.

The specific package selected for study was beer containers, and
the nine container alternatives are given in Table 1. The primary reason
that beer was selected rather than soft drink packages, is that a 12-ounce
package is standard for beer containers. This selection simplified the com-
parison of various container systems. However, resource and environmental pro-
files of soft drink containers were also made on a basis of 1,000 liters of
beverage delivered; although in the case of soft drinks, l6-ounce glass bottles
were compared with 1l2-ounce cans and plastic bottles.

1



TABLE 1

NINE BEER CONTAINER ALTERNATIVES

Material and Package Description Code Degree of Occurrence
Glass
Returnable 19-trip on-premise 19-RET Widespread
Returnable 10-trip off-premise 10-RET Widespread
Returnable five-trip off-premise 5-RET Regional
One-way conventional glass OWG Widespread
Plastic coated glass _ PCG Regional
Steel
Conventional three-piece steel can--
aluminum closure CSTL Widespread
All steel can ALSTL Little Used
Aluminum
Two-piece all-aluminum can ALUM Widespread
(15 percent of cans recycled)
Plastic
Plastic bottleg/ ABS Test market

a/ The plastic resin was defined in terms of data available in the open
literature. The profile resulting from the production and use of
proprietary plastics may be somewhat different.

Source: Midwest Research Institute

A, REPA Summary Results

The results of the resource and environmental profile analysis of
beer containers is given in terms of the rank of each system for each impact
category in relation to the other eight containers (Table 2). The system
ranked "one'" produces the least overall impact in that category, while the
one ranked "nine'" produces the greatest comparative impact. Thus, a rank of
"one" 1is the most favorable from a resource use or environmental effluent

standpoint,

The 19-RET ranks first in five of the seven categories, and is
the highest ranked container overall. However, deriving comparative relation-
ships for the other systems is a more complex task,

In order to provide a more meaningful comparison, we have compared
returnables to conventional one-way containers. The 10-RET container is the
most representative returnable system for trippage today, whereas 19-RET and
5-RET represent outer bounds of returnable trippage which are found in some
localities or regions. Thus, the 10-RET was selected as the basic container

2



TABLE 2

SUMMARY OF COMPARITIVE RANKING OF CONTAINER SYSTEMS FOR
1,000 LITERS (AND 1,000 GALLONS) BEER

19-RET 10-RET 5-RET ABs2/ ALsTL2/ pocd/

Raw Materials - kg 1 3 7 1 5 8
Energy - 107 joule 1 2 4 6 3 6
Water - 103 liter 1 2 4 9 4 A
Industrial Solid

Waste ~ cu m 1 3 4 1 9 5
Atmospheric Emissions

- kg 1 2 4 6 3 6
Waterborne Wastes - kg 2 3 8 8 1 5
Post-consumer Solid

Wastes - cum 4 5 6 6 2 8

a/ Little used or hypothetical containers.
Note: Underlined values represent a tie for that rank. That is, less than a 10 percent

the values,

WG

[~ |

|

CSTL

difference separated

ALUM



for comparison with the one-way systems. If 10-RET is compared only to the
three conventional one-way containers, it ranks first in six of the seven
categories in this four-way comparison. Furthermore, the magnitude of the
difference between 10-RET and single use containers is quite impressive

(Table 3). In the areas of energy, industrial solid waste and air pollution,
the second place system in each category has more than double the quantitative
value of each category compared to 10-RET. However, in post-consumer solid
waste, 10-RET produces about 4.5 times as much waste as either ALUM or CSTL
because of the large weight and volume difference in the containers. However,
this one category alone is not as important as the combined effect of the
others. Hence, we conclude that the returnable system has lower overall
resource and environmental effects than conventional one-way containers.

Comparing 10-RET to the three hypothetical or little used con-
tainers, gives somewhat different results--the diferences are not as great.
However, 10-RET still ranks first or second in all categories (except for
post-consumer waste where it ranks third) when compared to the three other
container altermatives. Thus, we conclude that the returnable system still
has the lowest overall effects, but not by an impressive margin as in the

previous case.

Because of the narrower margin of difference, the possibility
exists that technological innovation, changes in design or other alterations
in the systems could bring about changes in the rankings. The 10-RET is
compared to each of its next lowest ranked competitors in each category for
10-RET vs. the three hypothetical or little used containers (Table 4). Sub-
stantial improvements in one-way containers would be needed to increase their
ranks to a tie with 10-RET; on the average, the impacts of the second ranked
container would have to be cut in half to equal 10-RET. It is unlikely that
the overall impact profile of any container will be improved to match or sur-

pass that of 10-RET in the near future.

B. Soft Drink Containers

Calculations were also carried out for soft drink containers de-
livering a “standard unit" of 1,000 liters of beverage. As shown in Table 5,
the results are quite similar to those for beer containers. That is, the
returnable glass container ranks higher than the one-way systems.

An important aspect of the soft drimk systems is the fact that a
wide range of glass bottle sizes and weights are in common use. Thus, the
impacts of the container system per 1,000 liters of beverage vary with the

particular container used. 1In Table 5, a l6-ounce returnable bottle is com-

pared with 12-ounce one-way containers because the most complete data were
avallable for these sizes. However, calculations using a wide range of
glass bottle configurations show that no matter which available container
is chosen, the conclusions of this study are not altered.



TABLE 3

COMPARISON OF 10-RET WITH SECOND RANKED
COMPETITION (Conventional Containers)

Nearest Percent
Competitor Difference &/
Raw materials ALUM 27
Energy CSTL 150
Water ALUM Tie
Industrial solid wastes OWG 273
Atmospheric emissions CSTL 135
Waterborne wastes CSTL Tie

b/

Post consumer waste —

(Second Ranked Competitor) - (10-RET) . g0

a/ Percent Difference =
- 10-RET

b/ 10-RET ranks third in this category, behind ALUM and CSTL. There is
a 78 percent difference between ALUM and 10-RET.



TABLE 4

COMPARISON OF 10-RET TO NEXT LOWEST
COMPETITOR (Hypothetical or little used containers)

Next
Lowest Percent
Competitor Difference
Raw Materials ALSTL 75
Energy ALSTL 79
Water ALSTL 153
PCG
Industrial Solid Wastes PCG 231
Atmospheric Emissions ALSTL 55
Waterborne Wastes PCG 56
Post-consumer Solid Wastes ABS 127



TABLE 5

SUMMARY OF COMPOSITE DATA FOR SOFT DRINK CONTAINER SYSTEMS
FOR 1,000 LITERS (AND 1,000 GALLONS)

15-RET ABS ALSTL PCG CSTL OWG ALUM
Raw Materials - kg 2 1 4 6 4 7 3
(1b)
Energy - 109 joule 1 4 2 4 3 6 6
(10% Btu)
Water - 103 liter 1 4 7 3 6 4 2
(1,000 gal)
A\
Industrial Solid
Water - cum 2 1 7 3 6 5 3
(cu ft)
Atmospheric
Emissions - kg 1 3 2 3 3 6 7
(1b)
Waterborne Wastes - kg 2 5 1 3 3 4 6
Post-consumer Solid
Wastes = cum 4 5 3 6 2 6 1

(cu ft)

Source: Table 12, Volume II.



C. Recycle and Reuse

Considerable potential exists for improving the resource and en-
vironmental profile of any container system through reuse and recycle. As
has been shown in the primary results for containers presently in use, the
reusable glass bottles have lower overall impacts on resources and the en-
vironment than the other conventional containers. However, the one-trip

containers have potential for reuse or recycling.

It is possible that plastic or glass bottles can be both recycled
and reused. Plastic and glass can be recycled if clean scrap is available.
A plastic returnable bottle may soon be viable. 1In that event, both reuse
and recycling options will be available to both plastic and glass. A return-
able bottle made from recycled material would have a highly favorable environ-
mental profile compared to other beverage packaging options.

The greatest improvement for any of the material systems as a re-
sult of recycling is for aluminum. The energy use drops from 23.6 x 109
joules per 1,000 liters at current recycling rates for aluminum to 5.25 x 10
joules for 100 percent recycled aluminum, a decrease of 78 percent. Steel
and plastic show improvements of 39 and 62 percent for 100 percent recycling.

At 100 percent recycling, steel, aluminum and plastic achieve

energy use comparable to the 10-trip glass returnable. However, this is an
unrealistic recycling rate and would not be achievable on a widespread basis.
Even at 50 percent recycling, none of the systems require less energy than
that of a 10- or 19-trip returnable container. However, 50 percent recycling
of any of these materials on a regional or nationwide basis is a very high
rate of recycling and while recycling possesses distinct resource and environ-
mental advantages over one trip containers, they are unlikely to match the

returnable container achieving at least 10-trips.



CHAPTER 1II

STUDY APPROACH AND METHODOLOGY

A. Introduction

The purpose of resource and environmental profile analysis is to
determine the comparative effects that alternative or competing products have
on environmental degradation. Environmental degradation may take any or all
of four forms: (1) aesthetic blight; (2) alteration of food chains; (3) crea-
tion of health hazards; (4) depletion of resources; or (5) degradation of the
quality of air, water, and land. The seriousness of an impact is dependent
on the type and amount of environmental damage that takes place.

It would be ideal if an objective analysis would reveal a quantita-
tive measure of environmental degradation. However, this is not the case.
For example, a manufacturing plant may discharge '"x" pounds of sulfur oxides
to the air and "y" pounds of o0il to a nearby river. But the precise extent
to which these two pollutants contribute to environmental degradation cannot
be readily determined (although there is general agreement that degradation
has occurred). The point of view taken in this study is that even though
the true environmental damage cannot be determined, it is useful to establish
reliable estimates of the relative impact of competitive products. Thus,
even if the true effect of energy use or air pollution is not known, we can
conclude that a product responsible for more energy use or more air pollution
produces more environmental degradation than an alternative product.

B. Basic Approach

The effort expended in the study went into determining quantifiable
impacts of manufacture. The term "manufacture'" is used throughout this report
in a general sense--it includes those activities associated with materials
from the time they are severed from the earth to the point where the finished
container has been finally disposed of, including all transportation links in
the processing sequence. The manufacturing activities which intervene are
designated processes or subprocesses. A summary of the impacts documented is
shown in Figure 1.

The nine container options considered in this report are derived
from four basic raw materials. These materials are: glass, plastic, steel,
and aluminum. For each material system, the manufacturing cycle was broken
into its component processes and subprocesses for the purpose of identifying
environmental effects. For some systems, this task is relatively simple
and for some, it is quite complex. For example, glass container manufacture
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is divided into ten basic processes, with many of the processes not requir-
ing more detailed analysis of subprocesses. At the other extreme is the
ABS polymer which is manufactured by utilizing 15 basic processes. In
several instances, a detailed analysis of several subprocesses was required.
In one case (petroleum refining) it was necessary to determine completely
the manufacturing parameters for seven such subprocesses,

For each process and subprocess, seven parameters are determined:

1. Raw materials: The quantity in kilograms and the type of
virgin raw materials input to each operation were determined in terms of a
given product output. Materials not intended to become part of the finished
product, such as cooling water and fuels, were excluded from raw materials.
Other raw materials, such as additives, which aggregate to less than 5 per-
cent of the total wéight of the finished container were included in this
category by reportang their weight in the finished product. This provides
an estimate of the virgin raw materials which should be allocated to materials
used in low quantities in the finished product.

2. Energy: The energy in million joules and the source of energy
(oil, gas, electricity, etc.) used by each operation, including transportation,
for a given product output was determined. Process energy used by the actual
manufacturing operations was included. That used for space heating of build-
ings and other miscellaneous categories was excluded wherever possible. The
energy content of certain organic raw materials was also included in energy
summations. (See the discussion on page 12,) The second-order energy neces-
sary to extract, process and transport fuels are included as well as the heat
of combustion of the specific fuels used in a system. The energy value as-
signed to electricity use was the energy associated with the consumption of
fuels necessary to deliver electricity to the customer (see Volume II,
Chapter I, for more details).

3. Wastewater volume: The volume of process water in thousand
liters discharged per unit of product output from each operation was reported.
An alternative measure of water is the actual volume consumed or removed from
natural water cycles. However, such data are not available for every system.
This category considers water discharged only, not what is discharged from a
process into the water in the form of pollutants. (This factor is covered
separately.)

4. Industrial solid wastes: The volume in cubic meters of solid
waste per unit of product output which must be landfilled, or disposed of in
some other way, was determined also. Three categories were measured: process
losses, fuel combustion residues (ashes) and mining wastes. The first cate-
gory--process discards--includes wastewater treatment sludges, solids result-
ing from air pollution control and trim and waste materials from manufacturing
operations which are not recycled. Fuel combustion residues are ash generated
by coal combustion. Mining wastes are primarily materials discarded due to
raw ore processing and do not include overburden removed to expose ore.

11 -



5. Post-consumer solid wastes: The volume in cubic meters of solid
wastes generated by disposal of the container and its associated packaging was
determined. This is solid waste which most likely would be discarded into
municipal solid waste streams. It was assumed that 9 percent would be incin-
erated and 91 percent would be landfilled, and that the amount of material re-
cycled directly from municipal waste is at present less than 1 percent of the

total volume.

6. Atmospheric emissions: The emissions in kilograms of substances
classified as pollutants were determined per unit of product output. Eleven
identifiable pollutants were considered for each operation--particulates,
nitrogen oxides, hydrocarbons, sulfur oxides, carbon monoxide, aldehydes,
other organics, lead, odorous sulfur compounds, ammonia and hydrogen fluoride.
The amounts reported represent actual discharges into the atmosphere after
existing emission controls have been applied. All atmospheric emissions were
considered on an equal basis; no attempt was made to determine the relative
environmental effects of each of these pollutants. However, we do acknowledge
that there are differences in the relative damage caused by air pollutants,
but there is not sufficient documentation available to weight them with respect

to each other.

7. Waterborne wastes: This category includes the water pollutants
in kilograms from each operation per unit of product output. The effluent
values are those after wastewater treatment has been applied and represent
discharges into receiving waters. Thirteen specific pollutants are included--
BOD, COD, suspended solids, dissolved solids (oil field brine), o0il, fluorides,
phenol, sulfides, acid, alkaiinity, metal ions, chemicals and cyanide. Other
factors such as turbidity and heat, were not included because usable data were

not available.

C. Organic Raw Materials--Unique Considerations

A unique situation exists for products utilizing organic raw
materials, such as wood, crude oil and natural gas. These materials have
alternative uses as feedstocks for material goods such as paper or plastic
products or as fuels for energy. 1In assessing resource depletion, then, the
use of organic materials can be considered as depleting either material re-

sources Or energy resources.

It is our opinion that viewing organic materials either as a mate-
rial resource or as an energy resource is justifiable from an envirommental
point of view. In given sets of circumstances, either view may be desirable.

For example, in certain cases MRI's calculations show that some plastic pro-
energy, but also use less hydrocarbon energy

ducts not only require less process
of the basic physical materials) than some

resources (including energy content
alternative materials.
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Thus, situations exist where the manufacture of plastic materials--even when
using natural gas and petroleum as a material feedstock--conserves natural
gas and petroleum as compared to competitive products.

The treatment given organic materials in a resource and environmental
profile analysis must be considered carefully. There are two options available:
(1) organic materials used as a material to be converted into a product may be
considered as material resources; or (2) they may be considered as energy re-

sources.

In the first case, the organic materials intended to become part
of a finished product are simply measured in kilograms and treated as any
mineral resource, with one exception. A unique consideration for organic
materials is the inherent fuel value of the material. As natural gas and
petroleum undergo chemical processing, losses in chemical potential energy
occur. That is, a pound of petrochemical made from natural gas has less
fuel value than a pound of natural gas. Thus, a loss in the fuel value of
the material has occurred and should be counted as a loss to the world's
energy reserve. (The energy loss is given up in chemical reactions when
hydrocarbon feedstock is converted to a new compound.)

In the second case, organic materials are simply counted in terms
of their energy content. The amounts of wood, natural gas, and petroleum
severed from the land are measured in terms of joules of energy, rather
than in kilograms. Thus, they are considered as energy resources.

Another point of consideration regarding the fuel value of organic
materials is that finished products are a potential fuel even after they have
been used and discarded. Thus, if the solid waste stream is incinerated and
energy recovered, part of the original fuel value is reclaimed. However, this
point is largely academic at present because, in actual fact, products are
typically landfilled, burned in open dumps or incinerated with no heat re-
covery. Virtually no energy is recovered from solid waste streams, even
though the potential does exist.* 1In addition, the energy content of all
waste products will never be available for recovery. Some portion of the
products will become litter or will be discarded into waste streams too small
for economic heat recovery operations. Even in the distant future, full re-
covery of the residual energy inherent in organic products will probably not
be achieved.

Because of these considerations, a strong case can be made for
treating plastic materials as an energy resource rather than as a material
resource, which reflects accurately the primary environmental concern of the
plastics industry--the consumption of energy reserves in the form of natural

* We recognize that several resource recovery installations which recover
energy from solid wastes exist today and that there is an emerging tech-
nology under development. However, at present the actual useful recovery
of the residual energy content of organic wastes is negligible in com-
parison to the amount disposed.

13 -



gas and petroleum. These fuels are at present, and in the near future will

be, in short supply to a greater extent than any other major matural resource.
As mentioned earlier, the material resources considered in this study such as
limestone and iron ore are much more abundant than natural gas and petroleum.
Petroleum and natural gas feedstock use is not equivalent on a kilogram-for-
kilogram basis with, for example, limestone and a better resource use picture
is conveyed if the energy value of feedstocks is the basis of evaluation.

Since essentially no recovery of the intrinsic fuel value of finished plastic
products is practiced at present, the impact on the nation's energy reserves

as a result of plastics manufacture is the sum of the process energy required
for plastics manufacture and the inherent fuel value of the organic materials
consumed. Thus, our conclusion is that treating organic materials as an energy
input rather than as a physical quantity of material is a more accurate state-
ment of environmental impact and places the comparison of competitive container
systems on a more logical basis.

On the other hand, we have treated wood fiber as both a material
resource and as an energy resource. On a worldwide basis, slightly less than
half of the wood harvested is used as a fuel, with the remainder used as a
material resource. Thus, wood serves for either use. It is difficult to
judge the present and future aspects of wood fiber depletion because of its
renewable character. If wood is viewed as a material resource, then projec-
tions for its future use indicate that adequate amounts of wood can be grown
to maintain world reserves. On the other hand, if significant conversion
from present fossil fuel use patterns to use of wood as a fuel takes place,
the annual harvest of wood would greatly exceed the annual growth and deple-
tion of wood resources would take place. Thus, it seems reasonable to classify
wood used as a material resource with minerals such as sand and limestone for
which long-term supplies exist. On the other hand, it is also reasonable to
classify wood harvested to be used as an energy source with hydrocarbon fuels
or other energy sources. We divided the pulpwood harvested for paper manu-
facture such that the portion which is intended for use in paper is measured
in kilograms of fiber, and the portion burned for process energy is measured

in joules.

D. Methodology

The general approach used to carry out the calculations for the
quantitative comparison was straightforward. All processes and subprocesses
were first considered to be separate, independent systems. For each system
a standard unit such as 1,000 kilograms of output was used as a basis for
calculations. A complete materials balance was first determined. If market-
able coproducts or by-products were produced, the materials inputs were
adusted to reflect only the input attributable to the output product of in-

terest.
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To illustrate this point, consider a hypothetical manufacturing
process that produces 1,000 kilograms of product 'A.' At the same time, it
produces 500 kilograms of a coproduct 'B' and 100 kilograms of waste in the
form of air and water pollutants and solid waste. The total input of raw
materials is 1,600 kilograms as shown in Figure 2. An energy input of 3 x 109
joules is assumed for this example. The output is 1,000 kilograms of product
'A'" and 500 kilograms of product 'B.°

A 500-kilogram credit has been applied to the input materials be-
cause we are not interested in product 'B.' This reduces the input from
1,600 kilograms to 1,100 kilograms. 1In addition, because product 'B' is
one-third of the product output of the process by weight, one-third of the
wastes, or 33 kilograms, is attributed to product 'B'; a new waste figure
of 67 kilograms (100 kilograms - 33 kilograms = 67 kilograms) results. Thus
the raw material input value for product 'A' is 1,067 kilograms (1,100 kilo-
grams ~ 33 kilograms = 1,067 kilograms).

Once the detailed material and energy balance information had been
determined for 1,000 kilograms or 1 metric ton of output from each subprocess,
a master flow chart was established for the manufacture of containers. Using
known process yield rates, the output of each subprocess necessary to produce
1,000 kilograms or 1 metric ton of finished containers were determined. Sum-
mary tables for the manufacture of 1,000 kilograms or 1 metric ton of con-
tainers were then constructed. (Details of calculations, summary tables and
data sources are included in Volume II.)

For purposes of comparing the nine container systems, another ad-
justment of the raw numbers was necessary. The purchase and consumption of
containers (their ultimate utility) depends not on the number of kilograms
of containers, but on the number of units necessary to deliver a given quantity
of the beverage to the customer. Hence, the values based on container weight
were converted so that containers were considered on a unit-by-unit basis.

A standard unit of 1,000 liters of beer delivered in 12-ounce containers to
the customer was selected as the unit of comparison.

Up to this point, data gathering and calculations for each system
were kept entirely independent of each other. After converting the data to
a 1,000 liter basis, the nine systems were then compared to each other for
the first time.

E. Assumptions and Limitations

Some assumptions are always necessary to limit a study to reasonable
scope, and it is important for the reader to know what assumptions have been
made in order for him to understand fully the scope and applicability of the
study. The principal assumptions and limitations were:
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Energy 3 x 107 joules
4

iy

—————3> 1,000 kg 'A'
1,600 kg raw materialse——. 3 | Manufacturing Plant
———> 500 kg 'B'

100 kg wastes

For analysis purposes, a new flow diagram would be established
as shown here.

Energy 2 x 109 joules
v

—> 1,000 kg 'A’
1,067 kg raw materials———3 | Manufacturing Plant

|
l,

T

67 kg wastes

Figure II1-1 - Diagram Illustrating Co-Product Credits

16



1. Data sources: An attempt was made in every case to obtain
data which were '"typical" and which could be verified in the open literature.
Extensive use was made of government agencies and publications, technical
assoclations and open literature sources. National average data were used
where possible. Certain sets of data involved proprietary processes so that
information was submitted to us on a confidential basis, However, data in
the public domain were used whenever possible.

2. Geographic scope: The "environment'" was defined as the environ-
ment of the world. However, impacts occurring outside this country are not
well documented, so U.S. data was used to calculate foreign impacts. Thus,
iron ore mined in Canada was assumed to produce the same impacts on a kilo-

gram basis as domestic iron ore.

3. Secondary impacts: Impacts resulting from extraction, proces-
sing and transporting fuels are secondary impacts and were considered, as well
as the primary impacts of the fuel combustion. However, secondary impacts re-
sulting from effects such as manufacturing the capital equipment used in con-
tainer manufacture are small per unit output, and can be excluded without sig-
nificant error.

4., Small quantities of materials: The impacts associated with
materials which aggregate to less than 5 percent by weight of the container
were not included. The list of materials which comprise the "less than 5
percent'" category was examined to insure that no known "high environmental
impact'" materials were excluded from the analysis. This inspection insures
that the values from this assumption do not lead to an error of greater than
5 percent in the final results.

5. Electricity: Electrical energy is considered from the point
of view of its impact on the total energy resources of the nation. A national
average energy expenditure of 11,100 Btu of fossil fuels and hydropower is
required for each kilowatt-hour of electricity made available to the public.
Hence, this conversion factor is used rather than the direct use conversion
factor of 3,413 Btu per kilowatt-hour. The impacts from mining or extraction
of these fuels were included in the analysis.

6. Usage of scrap materials: Environmental impacts of scrap are
considered to be only those impacts incurred after the scrap is discarded from
the manufacturing site. Usually this includes only transportation and scrap
processing steps. The environmental impacts of manufacture of the material
which subsequently becomes scrap is allocated to the prime product. For
example, suppose an idealized metal fabrication plant requires 1.2 metric
tons of steel to produce 1.0 metric tons of prime product and 0.2 metric
tons of steel scrap. The impacts associated with the manufacture of 1.2
metric tons of steel are all allocated to the prime product with none being
allocated to the scrap.




7. Point sources of pollution: The burden on specific ecosystems
was not considered--i.e., at specific point sources or geographic locations.
It was assumed the operations took effect on the environment everywhere, not
just where specific manufacturing operations are presently located.

8. Availability of data: Many industrial plants do not keep
records in sufficient detail to determine the data in the desired form for
a REPA sfudy. For instance, if pollutant emission data are needed for a
specific subprocess in a plant, that information may not be available. The
plant may have data only for several combined processes or the entire plant.
In this event, allocation must be used for data on the particular processes
of interest. As the concept of resource and environmental profile studies
gains acceptance, it is likely that more industries will make an effort to
collect these types of data from their own operations and on a unit process
basis. Engineering calculations of materials balances for subprocesses were
used in some instances where actual operating data are not available.

9. Effluent data: Current actual conditions were assumed for
air, water and solid waste discharges to the environment. We made no at-
tempt to derive and apply effluent standards which may be in effect at some
future date. However, the application of future standards has the effect
of shifting effluents from one category into others. It does not usually
add or substract from total amounts of effluents. For example, air pollu-
tion control usually removes air pollutants from air and they are then dis-
charged to water bodies or become solid waste. Thus, reducing air pollution
from a plant will usually increase the water pollutant and/or solid waste
discharge. Thus, the analysis technique preserves the integrity of the laws

of conservation of matter and energy.

10. Consumer impacts: Impacts related to consumer activities such
as transporting the beverage home from the retail store were not included.
We have assumed that trips to retail stores are necessary for other reasons,
and should not be attributed to the container systems. Other consumer im-
pacts (except disposal of the container) relate to the beverage, itself, not

the container.
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CHAPTER III

BEER CONTAINERS--THE RESOURCE
AND ENVIRONMENTAL PROFILE

The comparative envirommental impacts resulting from the manufac-
ture, filling and delivery of nine container systems are discussed in this
chapter, and are presented in numerical form. A data summary is presented
first, followed by the ranking of the systems. A discussion of the systems
then follows, with special consideration of energy factors concluding the
chapter.

A. Data Summary

The resource and envirommental profiles of the nine beer container
systems were derived from a series of calculations and data analyses following
the methodology outlined in the previous chapter. Thousands of calculations
were involved, leading in a stepwise manner, for each impact category for each
process and subprocess. All of the detail and supporting calculations are
contained in Volume II of this report. A description of each system and the
abbreviations used in this report are in Table 6.

Table 7 displays the quantitative summary of these calculations
with the impacts reported in their appropriate units for the number of 12-
ounce containers (2,817) which deliver 1,000 liters of beverage. Also in-
cluded in parentheses are data for 1,000 gallons of beverage delivered
(10,700 containers). These totals result from the aggregation into each
impact category of all values from each process and subprocess of each con-
tainer system.

B. Ranking Procedures

In order to draw conclusions about the comparative environmental
impact of these nine systems, it is necessary to develop a procedure to
rank these systems. Table 8 contains the rank of the nine systems for each
impact category. A survey of the numbers in Table 8 reveals that overall
ranking of the systems is not an easy task. There is no container system
which either leads or lags in all impact categories. ALUM leads in one
category and is last in two categories, exemplifying the problems of simple
ranking systems. '

However, the 19-RET ranks first in five of the seven categories,
second in one, and fourth in the remaining category. (A ranking of first
means that the smallest quantitative value was incurred by that system in
that impact category. Thus, a ranking of "one'" is the most desirable and
a ranking of 9 is the least desirable.) The 10-RET system also ranks high--
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Abbreviation

19-RET

10-RET

5-RET

ABS

ALSTL

PCG

OoWG

CSTL

ALUM

Container Weight

TABLE 6

BEER CONTAINER SYSTEMS DESCRIPTIONS

Lkg)

0.277

0.277

0.277

0.035
0.054
0.159
0.186
0.050

0.020

(0z)

9.8

9.8

9.8

1.2

1.9

5.6

6.6

1.8

Description

Glass 19-trip on-premise returnable bottle - steel crown closure - three
trip paper packaging

Glass 10-trip off-premise returnable bottle - steel crown closure -
three-trip paper packaging

Five-trip off-premise returnable bottle - steel crown closure - one-trip
paper packaging

ABS one-way plastic bottle - steel crown closure

Three-piece all steel can, one way

Plastic coated one-way glass bottle - steel crown closure
One-way glags bottle - steel crown closure

Conventional three-piece steel can - aluminum ring pull closure

Two-piece one-way all-aluminum can (15 percent of cans recycled)

Note: All bottle systems include paper packaging of empty and filled bottles. Paperboard six-pack carriers
were included in all bottle systems except the 19-trip off-premise. All can systems include paper
packaging of empty and filled cans. Plastic ring six-pack carriers were included.

Source: Midwest Research Institute,
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19-RET

Raw Materials - kg 114.9

(1b) (958.9)
Energy - 109 joule 4.43

(109 Btu) (15.90)
Water - 103 liter 11.35

(1,000 gal.) (11.35)
Industrial Solid

Waste - cu m 0.049

(cu ft) (6.59¢(
Atmospheric Emissions-kg 8.45

(1b) (70.52)
Waterborne Wastes - kg 3.29

(1b) (27.47)
Post~consumer Solid

Wastes - cu m 0.054

(cu ft) (7.16)

TABLE 7

SUMMARY OF COMPOSITE DATA FOR CONTAINER SYSTEMS FOR
1,000 LITERS (AND 1,000 GALLONS) BEER

10-RET 5-RET ABS ALSTL PCG
186.9 411.9 118.3 326.1 791.3
(1,560) (3,438) (987.6) (2,722) (6,604)
6.02 12.0 17.6a/ 10.8 16.9

(21.61) (42.88) (63.32) (38.63) (60.66)

15.42 32,52 41.71 39.02 35.05

(15.42) (32.52) (41.71) (39.02) (35.05)

0.067 0,111 0.054 0.808 0.222
(8.91) (14.94) (7.21) (108.0) (29.71)
11.28 24.00 28.84 17.47 29.44

(94.15) (200.3) (240.7) (145.8) (245.7)

4.17 8.29 8.24 2.17 6.51

(34.76) (69.17) (68.79) (18.14) (54.32)

0.089 0.216 0.202 0.026 0.278
(11.96) (28.88) (27.05) (3.49) (37.16)

QWG

903.
(7,541)

17,
(64.

36.
(36.

(33
31.
(261.

(56

0.
(40.

a/ This includes 5.70 x 109 joules or 17.26 x 10% Btu which is the energy equivalent of oil
used as a material resource,
Source: Table 13, p. 21, Volume II.

5

9

38)

94
94)

. 250
.46)

29
L)

.76
L46)

307
97)

and natural gas

CSTL

329.
(2,746)

15.
(53.

34.
(34.

(93.
26.
(221.

(34.

0.
(3.

0

0
73)

10
10)

.696

00)

59
9)

.12

35)

024
22)

ALUM

237.
(1,986)

20.
(75.

15.
(15.

(36.

38.
(323.

(59.

9

9

03)

11
11)

.270

13)

73
2)

.08

08)

.020
.75)



[4

Raw Materials

Energy

Water

Industrial Solid
Wastes

Atmospheric Emissions -

Waterborne Wastes

Post-consumer Solid Wastes

Source: Table 7

Note: A tie was declared when two numbers were found to be closer than
The "ties'" are underlined.

TABLE 8

RANK OF CONTAINER SYSTEMS IN EACH IMPACT CATEGORY

1,000 LITERS (AND 1,000 GALLONS) BEER

19-RET 10-RET 5-RET ABS ALSTL PCG
1 3 7 1 5 8
1 2 4 6 3 6
1 2 b 9 b 4
1 3 4 1 9 5
1 2 4 6 3 6
2 3 8 8 1 2
4 5 6 6 2 8

OWG

10 percent of the lower

CSTL

number.

ALUM



TABLE

9

RANKING OF COMPOSITE DATA FOR FOUR CONVENTIONAL CONTAINER

SYSTEMS FOR 1,000 LITERS (AND 1,000 GALLONS) BEER

Raw Materials

Energy

Water

Industrial Solid Waste
Atmospheric Emissions
Waterborne Wastes

Post-consumer Solid Westes

Source: Table 7
3/ See Note on Table 8.

10-RET
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TABLE 10

COMPARISON OF 10-RET WITH SECOND RANKED
COMPETITION ( Conventional Containers)

Nearest Percent
Competitor Difference®
Raw Materials ALUM 27
Energy CSTL 150
Water ALUM Tie
Industrial Solid Wastes OWG 273
Atmospheric Emissions CSTL 135
Waterborne Wastes CSTL Tie

/

Post-consumer Wasteh

Source: Table 7
(Second Ranked Competitor) - (10-RET) x 100

10-RET

a/ Percent Difference =

b/ 10-RET ranks third in this category, behind ALUM and CSTL. There
is a 78 percent difference between ALUM and 10-RET.
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second and third in all categories except one, where it ranks fifth. Thus,

we conclude that the two higher trippage rate returnable systems are the ones
with the most favorable overall resource and envirommental profiles, but
further definitive ranking of containers is not discermable using this tabular
ranking technique.

Of the three returnable options studied, 10-RET is the system
which most closely approximates the national average situation today, and
will continue to be most representative for at least five years. The 10-RET
was then compared with the three conventional one-way systems now widely used,
These four systems account for almost all of the beer (and soft drinks) con-
tainers used today.

The returnable system ranks highest compared to conventional sys-
tems (Table 9). It leads in six of the seven impact categories. The magni-
tude of the lead of 10-RET over the one-way systems was also calculated
(Table 10). 1In three of the categories--energy, industrial solid waste and
atmospheric emissions--the lead by 10-RET exceeds 100 percent, with a tie
or smaller lead for three other categories. The 10-RET energy requirements
range from only 0.4 times as much as CSTL to only 0.29 as much as for ALUM;
and the 10-RET leads OWG by 70 percent in the category of industrial solid
waste. The one category that 10-RET does not lead is post-consumer solid
waste, where ALUM leads, accounting for 78 percent less than 10-RET.

The relationship of 10-RET to the three experiemental (developmental)
or little used systems was also compared (Table 11). Here, the 10-RET leads
in three categories, and is second in the remaining four categories. The
lead of the returnable system is not as impressive as in the comparison with
conventional systems, but the returnable container is still the ome which
overall results in lowest impact. The PCG system is ranked third or fourth
in all categories except one, where it is ranked second, so it appears to
have the least favorable profile of these developmental systems.

The 10-RET impacts were then compared to its next lowest '"non-
conventional" container competitor for each category (Table 12). The gaps
between 10-RET and the next lowest competitor are large in all cases. Thus,
the 10-RET container appears to have the most: favorable resource and environ-
mental profile of all eight container options.

Significant technical innovations in the near future could alter
these findings. For example, the development of a lightweight all-steel can
could significantly close the gap between 10-RET and ALSTL, although the
possibilities of a reversal in ranks seem remote. In addition, there may
be comparable favorable developments in returnable container systems in the
future.
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TABLE 11

RANKING OF COMPOSITE DATA FOR FOUR CONTAINER SYSTEMS FOR

1,000 LITERS (AND 1,000 GALLONS) BEER

Raw Materials - kg

Energy - 107 joule

Water - lO3 liter

Industrial Solid Waste - cu m

Atmospheric Emissions - kg

Waterborne Wastes - kg

Post-consumer Solid Wastes -
cu m

Source:  Table 7.
a/ See note on Table 8.

10-RET ABS ALSTL PCG
2 1 3 4
1 32l 3
1 4 2 2
2 1 4 3
1 3 2 3
2 4 1 3
2 3 1 4
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TABLE 12

COMPARISON OF 10-RET WITH NEXT LOWEST COMPETITOR
(HYPOTHETICAL OR LITTLE USED CONTAINERS)

Next
Lowest Ranked Percent
Competitor DifferenceE
Raw Materials ALSTL 75
Energy ALSTL 79
Water ALSTL 153
PCG
Industrial Solid Wastes PCG 231
Atmospheric Emissions ALSTL 55
Waterborne Wastes PCG 56
Post-consumer Solid Wastes ABS 127

Source: Table 7

a/ Percent Difference = (Next Lowest Ranked Competitor) - (10-RET) . 100

10-RET
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Thus, we conclude that the returnable containers giving 10 trips
or more possess an advantage over other container systems from an environ-
mental and resource use point of view. However, based on Table 7, we can-
not rank the one-way systems relative to one another without a more detailed
analysis scheme, which was beyond the prescribed scopé of this study.*

C. Discussion of Systems

Details concerning the data and calculations from which Table 7
and the rankings were drawn can be found in the Volume II. However, some
of the more important details of the results are presented here. This in-
cludes a brief description for each container alternative along with a dis-
cussion of the special factors which bear on the rankings of the containers.

19-RET, 10-RET and 5-RET Systems: These returnable systems utilize
a 12-ounce glass bottle weighing 277 grams which on the average makes 19, 10
or 5 trips before being discarded. Each bottle is capped with a 1.8 gram
steel closure. A major distinction in these systems is that the 19-RET sys-
tem is a container which is used "on-premise.'” That is, the beverage is
consumed at a business establishment. The 10-RET and 5-RET are "off-premise'
type containers and are taken off-premise for consumption. The off-premise
container requires a six-pack carrier, while 19-RET does not. The 1O0-RET
is assumed to achieve three trips for its six-pack container, as well as the
corrugated container that carries the filled six-packs. But for 5-RET, we
have assumed only one trip for the paper packaging.

The assumption of using one~way carrier packaging for 5-RET is
valid for the situation as it existed in Oregon in 1973. At that time, the
breweries were receiving their off-premise returnable bottles "in any pack-
age' that was handy at the retail store from which the bottles were returned.
Packages that belonged to competitors were discarded at the brewery. However,
we assume that given sufficient time and planning, the situation could improve
to the point where more careful sorting would occur and higher trippage would

be experienced for the boxes and six~pack carriers.

The environmental advantage of the returnable systems lies in the
fact that much less material and energy is needed for bottle construction
to deliver a given quantity of beverage than for a corresponding one-way

In fact, a single returnable container will deliver 19, 10 or

container.
This is

5 units of beverage compared to only one for a one-way bottle,
partially offset by the fact that returnable bottles are heavier and require
more raw materials per bottle than one-ways, and they also require trans-
portation for the return trip, and extensive washing. Additional points of
interest can be found in the detailed data in Volume II.

* MRI has used a more comprehensive and detailed ranking and weighting
methodology on similar studies which does give definitive results on
the containers. However, emphasis in this study was placed on the
quantitative results, with interpretation of the results left largely

to the reader.
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The detailed profile of 5-RET (Volume II, Table 9) shows that a
high percentage of the impacts are related to the one-trip paper carrier,
while the glass container manufacturing and filling operations account for
most of the remainder. Since the carrier package assumptions are quite im-
portant, we performed calculations for a 5-RET system with various trips
for the packaging. If two trips per carrier package are used instead of
one trip, the energy requirements for 5-RET are lowered from 12 x 109/1,000 y)
to 9.0 x 109 j. At three trips per package, the energy for 5-RET is 8 x 107 j,
moving it much closer to 10-RET. (The other impacts are reduced by signifi-
cant amounts also.) Thus, the assumptions concerning the paper carrier for
5-RET affect its relative position to the other containers. 1In other words,
the trippage rate on the carrier is as important to the overall results as
the prime container itself.

ABS: The ABS system utilizes a 35-gram ABS plastic bottle in a
one~way configuration. This is a hypothetical bottle, and to our knowledge,
no company is planning to market this particular bottle. However, the im-
pacts of this bottle are judged to be similar to impacts which are produced
by proprietary nitrile based polymers presently being test marketed as
beverage containers. Therefore, even though this system is a hypothetical
construction, it approximates plastic containers projected for future use.

An important impact in the ABS profile is energy use. The ABS
system ranks sixth in energy use. An important aspect of this energy value
is that it contains the energy equivalent of the hydrocarbon feedstock that
goes into the plastic resin. In fact, the energy of the material resource
accounts for 32 percent of the total ABS energy. It is interesting to note
that even though this plastic uses a fuel for a material feedstock, there is
one other system--ALUM-~that leads to a significantly greater utilization
of energy per unit of delivered product than ABS. However, as a one-way
system, ABS still requires 4.0 times as much energy as the first place
19-RET system.

If the hydrocarbon feedstock for ABS is counted as kilograms of
raw material rather than joules of energy, the ABS system then ranks fourth
in energy (rather than sixth), and ties with the 5-RET system.

Two other important impacts for ABS are air pollution and water
pollution, for which the ABS ranks sixth for the former and eighth for the
latter.. The detailed calculations in Volume II of this report show that
the air pollutant total for ABS is 23 percent hydrocarbon emissions. The
average for all container options in air pollution is 18 percent hydrocarbons.
In most areas of the country, hydrocarbon emissions are considered to be
less important than most other air emissions. 1In addition, an indeterminate,
but large, fraction of the hydrocarbon emissions listed for ABS is methane,
usually not considered to be a pollutant. Thus, the air pollution for ABS
would be judged as slightly less serious than for other systems, but this
difference would not affect the ranking of the ABS system.
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The water pollution from the ABS system has several important
components. The largest component is that related to paper packaging manu-
facturing which produces BOD and suspended solids discharges aggregating
47 percent by weight of the total container system water pollution. Another
17 percent is generated off-site as o0il field brine (dissolved solids), a
serious fresh water pollutant that can result from improperly disposed brine
associated with oil and gas production. The rest of the water pollution is
generated on~site at the container manufacturing and processing plants.

ABS ranks last in water use, requiring 3.7 times as much as 19-RET.
However, this is primarily cooling water used in petrochemical manufacture
and is not considered to be as significant as the other impact categories.

ALSTL: The ALSTL system is the one way all steel can, and is
characterized by low water pollution (ranked 1), low post-consumer waste
(ranked 2), and relatively low air pollution, water use and energy require-
ments (ranked 3). Thus, ALSTL leads the one way containers in five of the
seven categories; ALSTL is apparently the one way container with the least
overall resource and environmental impact.

The high ranking of ALSTL in the areas of water effluents, air
discharges energy use, and water use may Seem surprising in view of the
highly publicized environmental problems of steel mills. However, alloca-
tion of those impacts to this particular steel product results in quite low
values per unit of finished product as compared to other one way containers.

The one high impact in the ALSTL profile is industrial solid wastes,
in which ALSTL ranks last. The ALSTL container produces Sixteen times more
industrial solid waste than 19-RET. The waste is primarily inorganic mining
wastes, generated by the extraction and purification of high grade iron ore
from the ore bearing rocks. These solid wastes can cause considerable environ-
mental problems at the sites where they are generated.

PCG and OWG: These two systems are both basically glass systems.
The OWG system uses a 186-gram glass bottle. The PCG system uses a 157~
gram glass bottle with a 2-gram plastic coat. A steel crown is used in
both cases. The plastic coat accounts for only 1 percent of the PCG system
weight requirements, so the PCG profile is quite similar to the OWG profile
and will not be discussed separately.

The OWG system ranks last in both the raw materials and post-
consumer solid waste categories, and PCG ranks eighth in those two categories.
The high raw material use is because glass containers require more kilograms
of raw materials for their manufacture than the other systems. This is shown
by the fact that OWG is by far the heaviest one way container, outweighing
next place ALSTL (54 grams) by a factor of 3.4. The large post-consumer waste
values are caused by a combination of the high weight of the container, coupled
with relatively high volume of the container material per unit of beverage.
This combination causes a relatively large volume of landfill space for each
container. (We assumed the container would not be '"cushioned" in mixed waste
and would be crushed in the process of disposal.)
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Other significant impacts for glass include the fact that OWG ranks
sixth in energy use and air pollution (PCG ranks sixth in air pollution and
sixth in energy, also). The large energy requirement is mainly concentrated
in two operations (Volume II, Table 8): glass manufacture accounts for 53
percent of the OWG system energy total and paper packaging accounts for 26
percent of the energy. Thus, these two operations account for 79 percent
of the total OWG energy. These two operations also account for most of the
air pollution, with glass manufacture accounting for 32 percent (mostly
nitrogen oxides and hydrocarbons), and paper packaging also accounting for
32 percent (mostly particulates and sulfur oxides).

In the remaining impact categories, OWG ranks fourth in water use,
sixth in industrial solid waste (PCG ranks fifth in industrial wastes and
fourthin water use). In water pollution, OWG and PCG are tied for fifth
place. Sixty~eight percent of this is attributed to packaging. Glass manu-
facturing plants generally do not have significant water pollution problems,
and this is reflected in the favorable position of OWG in the water pollution

category.

CSTL: The conventional bimetal can consists of a steel body and
bottom with an aluminum ring pull top. The weight of the steel used per can
is 43 grams, while the lid requires only 5.4 grams. However, even though
the 1id comprises only 11 percent by weight of the can metal, its manufacture
accounts for 43 percent of the energy requirements as well as significant
amounts of the other impact categories (see Volume II). Thus, CSTL as
opposed to ALSTL produces considerably more impact on the environment as a
result of the aluminum closure's envirommental impacts.

One of the most significant impacts for CSTL is the industrial
solid waste associated with iron ore mining (as discussed for ALSTL). CSTL
ranks eighth in this category. Also of importance is energy use and air
emissions associated with the aluminum top. The top accounts for 40 percent
of the ailr emission total of CSTL.

Post-consumer waste disposal of CSTL is small. (In fact, all of
the metal can systems have quite low post-consumer disposal profiles.) This
is the result of two factors. First, can systems require less packaging for
carriers because they do not require 'cushioning'" to the extent that glass
containers do; and cans utilize the plastic ring six-pack carriers which
occupy only about one-tenth as much volume as paper carriers. Recently, the
use of adhesives to bind six-packs has come into play as well. The second
factor is that metal has a high density, requiring minimum material volume
per unit of beverage compared to other materials and thus require considerably
less landfill space per unit of beverage delivered. 1In fact, a steel can
occupies only 8 percent of compacted volume of a one-way glass container.



ALUM: The aluminum can for the ALUM system is a 20-gram all
aluminum can with a ring pull top. This system has the highest impacts
on the environment in two categories--energy use and air emissions. It
produces the least impact in the category of post-consumer solid waste
and ranks second in water use.

ALUM requires 1.2 times as much energy as does OWG, the system
ranked mnext in energy, and 4.7 times as much as 19-RET. The massive
electric energy requirements have been cited as environmental factors in
the aluminum industry. Industry spokesmen often counter that their high
usage of hydropower should be the determining factor. However, MRI's cal-~
culations have been based on the point of view that national average elec~
tricity fuel and hydropower data should apply in all cases because of the
large-scale interregional nature of many electric power grids. 1In addition,
it is contrary to the basic concept of resource and environmental profile
analysis to treat one selected industry differently than others in the source
of electrical power. While it is true that the aluminum industry does use
a proportionately higher percent of hydropower, this usage in effect precludes
others from proportional use of hydropower., The total electrical energy
pool and national fuel profile is the most important consideration--from a
total systems view point. In addition, water power will decline in impor-
tance as the use of coal and nuclear energy for power generation increases.
Thus, growth in aluminum production in the U.S.A. will have to be based
largely on fossil or nuclear fuel.*

Another major impact for ALUM is atmospheric emissions; ALUM con-
tainer manufacture shows 1.3 times as much atmospheric emissions as next
ranked ABS, PCG and OWG, and 4.6 times as much as 19-RET. The source of the
air emissions is primarily electric power generation and sulfur oxides and
particulates combined form 49 percent of the air emissions (coal combustion)
as compared to 42 percent for the all systems average. Thus, the air emis-
sions values show a slightly higher composite concentration of these two

air pollutants. .

In the other impact categories, ALUM ranks much higher. It is
sixth in industrial solid wastes, second in water use, fourth in raw mat=-
rial use and first in post-consumer disposal. 1Its high ranking in post-
consumer solid waste is because the aluminum can uses very little material,
and because metal cans result in minimum volume per unit of beverage and
therefore occupies little landfill space. The aluminum can weight of only
20 grams is by far the lightest container. Also, we have calculated the
ALUM system on the basis of 15 percent can recycling which further reduces
solid waste, energy requirements, materials, etc., over a non-recycling

option.

* In fact, the industry will likely seek out untapped worldwide sources
of hydropower in preference.
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D. Energy Considerations

In the closing months of 1973, a dramatic national "energy crisis"
came to the fore. This "crisis" was caused in part by a sudden reduction
in volume of worldwide petroleum reserves which were available to the U.S.
Changes such as this can cause alterations in the relative importance of
impact categories. 1In fact, in times of emergency, only one impact category,
such as energy, may be the only impact of importance.

To examine our REPA results in terms of energy alone, an analysis
of total energy requirements for each system, as well as the sources of
energy, were developed for the various container options (Tables 13 and 14).
In the long term, total energy use is a very important parameter. The various
forms of energy may be interchangeable if long-term planning is utilized,
and no great advantage can be presently ascertained with any degree of cer-
tainty by using coal as an energy source rather than oil. However, for the
short term, oil and natural gas are in quite short supply and industrial use
of these fuels competes with home heating and other uses closely coupled to
"quality of life." Thus, in the short term, it appears the use of hydro-
carbons by industry is generally considered to be a less desirable form of
energy use than coal or wood (although the associated environmental effluents
may be lower in the case of the use of hydrocarbons).

For the conventional containers, the three glass returnable config-
urations are lower in total energy use, and the 19-RET and 10-RET presently
utilize less total hydrocarbon fuels than do the conventional one-way systems
(Tables 13 and 14). For the conventional one-way systems, CSTL utilizes
about the same hydrocarbon energy as 5-RET, but only 64 percent as much hydro-
carbon fuel as OWG, and only 57 percent as much as ALUM. Thus, CSTL appears
to require less of those important fuel resources, although it utilizes 2.2
times more coal than OWG.

For the "nonconventional" beer containers (ALSTL, ABS and PCG)
ALSTL compares well with 10-RET in hydrocarbon fuel usage, but utilizes 5.3
times as much coal, and 1.8 times as much total energy. The ABS container
is ranked sixth in total energy use and ninth in petroleum use. Thus, ABS
does not fare well in the energy analysis. This hydrocarbon usage is in
part related to the large amounts of natural gas and petroleum used as a
material resource (5.7 x 109 joules petroleum and natural gas) for which
alternate materials do not presently exist. However, some of this energy
could be recovered by incinerating solid waste streams and recovering the
energy.*

* It should be noted that plastic formulations other than the one used
here by MRI may result in lower energy values than those used here.

33



¢

TABLE 13

ENERGY REQUIREMENTS BY FUEL SOURCE FOR CONTAINER SYSTEMS
DELIVERINC BEER IN 107 /1,000 £ (or 10® 8tu/1,000 gal)

19-RET 10-RET 5-RET ABsa/ ALsTCY/ pcct/ WG CSTC ALUM
Petroleum 1.45  (5.20) 1.79  (6.42) 3.23 (11.59)  8.46  (30.35) 1.42  (5.09) 3.64 (13.06) 3.84  (13.76) 2.83 (10.14) 4.8l  (17.26)
Natural Gas 1.72 (6.17) 42 (8.68) 4.8 (15.71) 486, (17.44)  2.98 (10.69) 8.53 (30.59) 9.10 (32.66) 4.88 (17.51) _8.62  (30.94)
Hydrocarbon Subtotal 3.17 (11.37)  4.21 (15.10) 7.6 (27.30) 13.32% (47.79)2 4.40 (15.78) 12.17 (43.65) 12.94  (46.42) 7.70 (27.65) 13.43  (48.20)
Coal 0.71 (2.55)  0.97 (3.48) 1.95  (7.00) 2.32 (8.32) 6.1l (21.92) 2.74  (9.81) 2.95 (l0.59) 6.60 (23.67)  6.12  (21.94)
Wood Fiber 0.49 (1.76)  0.76 (2.7 2.23 (8.00) 1.64  (5.88) 0.05 (0.18) 1.71  (6.13) 1.78  (6.38) 0.04 (0.16) 0.046  (0.16)
Misc. (hydro and nuclear)  0.06 _(0.21) 0.08 _(0.29) 16 _(0.57) _0.35 _(l.26) _0.21 _(0.75) _0.26 _(0.9%) _0.27 (0.98) 0.59 _(2.13) 129 (4.62)
Total Enetgy 4.43  (15.90) 6.02 (21.60) 12.00 (42.90) 17.60 (63.30) 10.80 (38.60) 16.90 (60.50) 17.90 (64.4) 14.90 (53.60) 20.90 (74.92)

g/ These are little used as beer containers.
b/ This includes 5.7 x 109 joules (20 x 100 Btu) petroleum and natural gas equivalent used as a material resource.
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TABLE 14

RANKING OF SYSTEMS FOR ENERGY REQUIREMENTS FOR EACH FUEL SOURCE

19-RET  10-RET  5-RET  ABS3/  ALsTL@/

Petroleum E/ 3 5 9 1
Natural Gas 1 2 4 5 3
Hydrocarbon Subtotal 1 2 4 6 2
Coal 1 2 3 4 7
Wood Fiber 4 5 9 6 1
Misc. (Hydrc and Nuclear) 1 2 3 7 4
Total Energy 1 2 4 6 3

a/ These are little used as been containers.

b/ See note on Table 8. .

OWG CSTL ALUM
6 4 8
o 5 _7
6 4 6
6 1. _1

61 1

5 8 9

6 5 9



It is our contention that energy requirements should be viewed
in the context of withdrawals from a national or world-wide energy reser-
voir which is limited in extent. However, an alternative view is to con-
sider energy usage in a more confined context. The effect of doing this
can be seen by using the aluminum can as an example. We have assumed that
usage of electricity by aluminum smelters is an energy withdrawal from our
nation's electricity reservoir, and have used national statistics to compute
the fuels used to generate electricity. Aluminum companies contend that
their smelters draw on local energy reservoirs, and thus use "low impact"
hydroelectric power to a much greater extent than the national average.

We have recalculated the ALUM column on Table 13 using aluminum industry
data and have listed the results in Table 15.

A comparison with the Table 14 shows that this consideration
improves the position of ALUM with respect to petroleum use and overall
energy requirements. However, this calculation does not improve ALUM
enough to be a serious contender with the returnable systems.

TABLE 15

ALTERNATIVE ENERGY REQUIREMENTS BY FUEL
SOURCE FOR ALUM CONTAINER SYSTEM

109 j/ (106 Btu/ New Rank on
1,000 ¢ 1,000 gal.) Table 14
Petroleum 3.26 (11.70) 5
Natural gas 7.70 (27.62) 7
Hydrocarbon Subtotal 10.96 (39.32) 6
Coal 5.15 (18.47) 7
Wood fiber 0.04 ( 0.16) 1
Miscellaneous (hydro
and nuclear) 1.54 (5.54) 9
Total Energy 17.70 (63.49) 6

Note: We have assumed the following energy profile for electricity used
in aluminum smelting--coal 37.8 percent, natural gas 14.8 percent,
and hydroelectric 47.4 percent.

The energy analysis, then, does not change the conclusions pre-
viously reached. The returnable systems, especially 19-RET and 10-RET, have
the lowest energy values. They require less total energy and generally re-
quire less hydrocarbon fuel than do the one-way systems.
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CHAPTER IV

REUSE_AND RECYCLING

One of the possible means of achieving a more favorable environ-
mental profile is by employing reuse and recycle options. The reason that
these options are of potential benefit to the environment is that reuse and
recycle bypasses most of the basic virgin materials. Manufacturing opera-
tions produce relatively high impacts on the environment and can be bypassed
on reuse or recycling options. However, the bypassing of these manufacturing
operations must be weighed against the new operations of product reuse and
of secondary materials recovery, processing and transportation.

A. Returnable Bottles

An example of environmental effects of product reuse is given in
Figure 3. The parameter selected for this example calculation was energy.
However, similar changes occur in the other six parameters of a REPA profile.
Four bottle systems are plotted so that the envirommental improvement at
various trippage rates is shown. The four systems are: (1) on-premise glass
bottles with three-trip paper packaging; (2) off-premise glass bottles with
one-trip paper packaging; (3) off-premise glass bottles with three-trip paper
packaging; and (4) a hypothetical on-premise ABS returnable bottle with
three-trip paper packaging.

The initial part of the four curves (low trippage) shows a very
steep downward slope, indicating a considerable lowering of the system energy
requirements at low trippage rates. In fact, at only two trips, the on-
premise bottles require less energy than every one-way container, except ALSTL.
At three trips, the off-premise containers surpass all one-way systems except
ALSTL, and on-premise containers surpass even ALSTL. At four trips, the off-
premise system with three-trip packaging, requires less energy than ALSTL,
but the off-premise system with one-trip packaging requires about eight trips
to reach that point. -

The rapid leveling off of the returnable curves implies that a lower
limit exists for returnable containers. In fact, this lower limit is the re-
quirement for returnable reprocessing (e.g., transportation, washing), new
closure and packaging energy which is about 3.7 for the on-premise bottle,

4.4 for the off-premise, three-trip packaging system and 8.3 for the off-
premise, one-trip packaging. The implication is that for returnable systems
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capable of high trip rates, the impacts of manufacturing the bottle are
negligible. TFor returnable bottles, then, impacts may be minimized by
using durable bottles capable of high trip rates. This is counter to
current trends of using lighter bottles where possible. ‘The reason for
this is that market factors and current consumer use patterns tend to favor
the lighter bottles, even though environmental considerations may favor a
heavier bottle reused many more times than the current average.

An interesting calculation can be made concerning one type of
possible marketing change. Most beverage markets are served by a broad
array of returnable and one-way containers. However, legislation or
changes in marketing conditions could bring about a change in the mix of
container types used. For example, laws banning or restricting in some
way the availability of omne-way containers can convert a marketing area
to use only returnable containers.

The change to a ''returnable only" situation will generally pro-
duce new aspects of these systems. We have previously pointed out that one
problem the beer industry has experienced in Oregon as a result of the
"bottle law" is that each company has not secured their own carrier packaging
back with the returnable bottles, thus effectively reducing the trip rate
of the packaging. Another question which arises is if customers accustomed
to throwing away convenience packaging will return the bottles for the
deposit or throw them away, thus creating a "one-trip" situation for the
returnable bottle system.

The heavier returnable bottle discarded after one trip requires
more energy than most one-way systems (Figure 3). The question then arises
as to what fraction of the market can be served by "one-trip returnable"
(1-RET) before it is environmentally desirable to utilize one-way containers
designed for one time use and discard.

To answer this question, we calculated three market composites
and the percent of returnable bottles which must be discarded after one trip
before the market composite energy requirement rises to 15.0 x 109§ per
1,000 £ of beer, the value for the lowest energy commonly available one-way
system (CSTL). Those three composites should cover a realistic range which
would be experienced in selected United States regional markets. The first
composite assumes that the market is partially 19-RET, with the remainder
of the market being 1-RET (one-trip off-premise). The second composite is
a mix of off-premise 5-RET and 1-RET. The third mix assumes that the market
is 20 percent 19-RET, with the remainder being shared between 5-RET and 1-RET.
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The results of the calculation show that the market share for
1-RET must be 45 percent, 19 percent and 28 percent, respectively. Thus,
in the most pessimistic case of having only 5-RET and 1-RET systems present,
consumers must discard 19 percent of the returnable bottles after one trip
before a currently available one-way system shows lower overall energy use.
But, if higher trip rates and more favorable conditions exist, about 28 to
45 percent of the returnables must be discarded after one trip before a con-
ventional one-~way system has a lower energy use.

B. Recycling

The effect of recycling on the total system energy is depicted
in Figure 4. This figure shows that impressive gains are made by recycling
aluminum, plastic or steel from solid waste streams. This is most evident
for ALUM, where the energy of 23.6 x 109j for 1,000 £ of beer is reduced
to 5.29 x 109j for 100 percent recycling, a 78 percent reduction. Improve-
ments in the other systems are significant, but not as great., For steel,
the improvements is 39 percent; for ABS, 62 percent; but for glass, a 23
percent increase is seen. This increase results because we assumed the
solid waste glass recovery would be made from a relatively energy intensive
wet recovery process followed by color sorting the glass from mixed "heavies"
to upgrade it to furnace specification. However, energy savings by recycling
glass of greater than 10 percent in the glass plant are not usually realized
no matter what means of recovery are used. Thus, recovery and recycling of
glass from retail stores or filling plants may result in marginal energy
savings (but considerable reduction in solid waste). The energy saving
values, for materials other than glass, are based on the fact that re-
cycling bypasses many of the conventional manufacturing processes, but for

glass this is not true.

One complicating factor of the recycled materials profiles is the

assignment of energy to recover containers. If containers are recovered by

mechanical means from a solid waste stream, the recovery energy is not large
compared to the total recycled system energy requirements (i.e., if the whole
waste stream is processed for recovery). However, recovering cans through

a voluntary can reclamation center presents a different picture. In one
circumstance, cans are transported by auto to a supermarket collection
center, or other location to which a trip could be considered a necessity.
The purpose of a trip such as this is primarily to buy food, or medicine,

or other necessary goods so that the cans ride "piggy back.” No energy of
transportation needs to be assigned in this case. However, if a specific
auto trip is undertaken to take cans to a reclamation center, then impacts
of the entire round trip should be charged to the cans.
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We have calculated the impacts of carrying aluminum cans to a
voluntary collection center by auto. At 1 gallon of gasoline consumed per
100 cans, the change in the 100 percent recycled energy requirement of
aluminum is to increase 82 percent, an increase from 5.25 to 9.55 x 109j.
This represents a round-trip by car to a collection center only 10 to 15
miles from home with about four cases in the trunk. However, this is still
an index value better than 5-RET or any other one-way system. In fact, a
gasoline consumption of at least 2.2 gallons per 100 cans is required before
the 100 percent recycled aluminum index becomes equal to CSTL, the "best"
conventional one-way system. Thus, even though long travel with empty
aluminum cans is a negative environmental factor, it is usually better than
any currently used one-way system, as long as the "one-way'" packaging is
used in the first instance.

Looking at 100 percent recycling values is only of academic inter-
est, of course, because such recovery rates from solid waste streams are not
possible on a regional or national basis. Much of the potentially recoverable
materials are discarded into waste streams in such low concentrations that
to recover it economically is not possible. It is probable that only where
quite large volumes of waste are processed, can recovery of materials be
practiced economically. 1In addition, the discarded materials, when recovered,
are sometimes contaminated so that reuse is difficult.

A possible recycling rate for various materials is difficult to
determine, but for purposes of comparison, we used a 50 percent recycling
rate compared to returnable options. Figure 4 shows that near 50 percent
recycling both aluminum and glass have index values that are not as low as
using any returnable container while ABS is about equal to 5-RET. However,
none of the 50 percent recycled containers, not even 50 percent recycled
ALSTL, have energy requirements lower than either 10-RET or 19-RET glass,
In fact, recycling rates in excess of 90 percent are required before the
one-way containers are equivalent to 10-RET containers.

In view of the fact that 50 percent recycling from postconsumer
waste is approaching a realistic limit on a regional or national basis, we
conclude that recycling substantially reduces energy use, but does not
supplant reusable containers that make 10 trips or more. In fact, the
5-RET system which we consider as a ''lowest limit" for returnable systems
has a lower overall impact than glass and aluminum recycle systems, at 50
percent recycling rates.

On the other hand, two container systems not now widely used--
ABS and ALSTL--may show more environmental improvement resulting from re-
cycle options. ALSTL requires less energy than 5-RET and any recycling
further reduces energy. However, the ABS one-way which requires more
energy than 5-RET can become equivalent to it at less than 50 percent re-
cycling. But this high a recycling rate seems improbable in the near term.
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On the other hand, Figure 3 shows that a three-trip ABS returnable would
require 12 x 109j of energy, the same as the 50 percent recycle ABS. Thus,
it would seem that a logical choice is to look to ABS as a returnable system
if energy reduction is desired. Or even better, an ABS returnable bottle
made from recycled polymer could conceivably be used. '

An examination of Figure 4 shows that the energy requirement for
both all steel and aluminum cans for the range of 80 to 90 percent recycling
falls between 5-RET and 10-RET. Thus, at those high recycling rates, the
encrgy requirement for cans becomes comparable to conventional off-premise
returnable glass bottle systems. This type of recovery could probably be
accomplished with a technique that forces return of containers outside the
municipal waste stream such as a deposit or other approach to bring beverage
containers back into the use "loop" they were discarded from.

One envirommental problem not quantified here is littering. To
alleviate the littering of containers is a somewhat ditfferent consideration
of course. Here one must deal with tne habits of individual users of bev-
erages. Oregon has sought remedy in a deposit; other approaches have been
tried too. However, we did not attempt to incorporate litter as an analysis
factor in this study.
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Volume || CHAPTER 1

BASIC CONVERSION FACTORS

This appendix contains data and information used to convert raw
fuel and electric energy input values into corresponding environmental im-
pact parameters. The basic factors are discussed in four sections:

A. Mobile and Stationary Sources

B. Electric Energy

C. Transportation

D. Conversion from Conventional Units to Metric Units

A. Mobile and Stationary Sources

A set of atmospheric emission factors resulting from the combustion
of fuels has been developed by the authors of this report in cooperation with
the Physical Sciences Division of Midwest Research Institute (MRI). They are
reported in Table 1. These data represent both a comprehensive literature
search and data collected from a nationwide telephone survey. The primary
reference was Reference 44, but numerous other literature sources were used.
The factors represent national average emissions after pollution controls
have been applied. They are representative of projections of levels which

will be experienced in 1975.

Factors relating to both precombustion and combustion impacts are
included. Combustion factors relate only to impacts resulting from combus-
tion of fuel and exclude secondary (or precombustion) environmental effects.
Such secondary impacts are incurred in mining coal, refining oil and so on.
To include these secondary factors, tables similar to Tables 2, 3, and 4 were
derived, making use of the combustion factors in Table 1. These secondary
factors are combined with the primary factors to yield a new set of factors
for fuel combustion similar to those shown in the "total" columns of Table 1.
These modified factors were then used to recalculate the quantities of Tables 2
and 3. This modification resulted in only small changes in Tables 2 and 3
and performing one more iteration insures that all secondary and higher order
impacts are included. Thus, Tables 1, 2, and 3 include all secondary or
higher order environmental impacts relating to fuel combustion.
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combustion Combustion JTotal
0.056 1.03 1.085
0,003 0.013 o0.018
0.357 0.600 0.957
1.024 0.001 1.024
0.012 0.012
0.104 0.017 0.121
0,001 0.001
0.003 0.003

1.5 0.6 2.1

0.19 0.19

6.19 0.19

sel lLocomotive (1000 gel)
Pre- .

sombugtion

19.9
36.2

...
Ycooo~2FFse
gk BErLNLYN

gu.oeg
Om—nNw

Combustion

139.0

25.0
370.0
9.0
57.
130.
5
7

O Wwoo

688.5

Tol;i

158.9
36.2

29.2
404.7
148.3

88.7
1641.3

5
7
0.
0
6



9%

Pre-

combustion

Energy - 107 ) 5.5
Solid Wastes - ky 4.3
Atmospheric emissions - kg
Particulates 0.5
Nitrogen ‘xides 4.2
Hydrocarbons 5.5
Sulfur Uxides 3.8
Carbon Monoxide 1.4
Aldehyaes 0.0%
Ocher Organics 0.1
Amwonis 0.05
Lesd 0.000.
Toral Atmospheric 16,5006
Waterborne Wastes - kg
Dissolved Solids
(oil field brine) 9.3
Other 1.1
Total Waterborne 10.4
Pre-

Energy - 109 i 5.5
Solid Wastes - kg 4.3
Atmospheric emission. ~ kg
Particulates 0.5 2.8 1.3
Nitrogen Oxides 4.2 8.6 i2.8
Hydrocarbons . 6.5 0.4 6.9
Sulfur Oxides 1.8 10.9 11.8
Carben Monoxide 1.a 0.5 1.9
Aldeiyd s 0.05 0.1 0.15
Otker Orpanfcs 0.1 0.1
Ammonta ¢.05
Lead 0.0004
Total Atmospheric 16.6006
Waterborne Wastes - kg
Dissolved tolids
{otl fteld brine} 9.1
Acid
Metal f{ons
Other 1.1
Total Waterborne 10.4

Gasoline (1,090 i)

N &
™ o~
®weo % - -

I

[ R
-
bt

- SRV )

o

-
IS
o

<

o - o
e w

TABLE | (Concluded)
PUEL FACTUKS

(1,000 cu m) (1,000 cu ®m) {1,000 cu m)
Diesel (1,000 1) fuel 011 Mobile Soyrce (1,000f) Netural Cas Internsl Copbystion  Natural Gas Industrisl Heating Matural Gas Ut{licy Heatipg
Pre- Pre- Pre- Pre- Pra-
combustion  Combustian Total combustion  Combustion Total combustion Combustion Total combustion Combustion Total combustion Combustion Totasl
5.5 38.7 44.2 5.5 41.8 47.3 2.1 38.4 40.5 2.1 38.4 40.5 2.1 38.4 40.5
4.3 4.3 4.3 4.3
0.5 1.6 2 0.5 2.8 3.3 0.05 0.05 0.05 0.3 0.35 0.05 0.2 0.25
4.2 44.3 48.5 4.2 12.6 6.8 5.7 oL.8 5.7 3.4 9.1 $.7 9.6 15.3
6.5 4.4 10.9 6.5 0.6 7.1 16.4 12,8 29.2 16.4 0.05 16.45 16.4 0.02 16.42
3.8 3.2 7.0 3.8 36.2 40.0 0.2 . C 0.2 0.2 0.2 0.2
1.4 27.9 28.4 1.4 15.6 17.0 1.7 25.6 21.3 1.7 0.3 2.0 1.7 0.3 2.0
0.0% 0.4 0.45 0.05 1.2 1.25 0.03 0.03 0.02 0.02
0.1 0.4 0.5 0.1 0.1 0.08 0.08 0.05 0.05
0.05 0.0% 0.05 0.05
0.000% 0.0004 0.0004 0.0004
16. 6004 81.3 97.9004 16,6004 69.0 85.6004 24,05 134.% 158.55 24,05 4.16 28,21 24.05 10.19 34.24
9.3 9.3 9.1 9.3 3.0 1.0 3.0 3.0 3.0 3.0
1.1 1 1.1 1.1
10.4 10.4 10.4 10.4 3.0 3.0 3.0 3.0 3.0 3.0
(1,000 ) (1,000 1) (1,000 7}
.Fuel 0j1 Ucility Heating Distillace O1l Industrial Hesting Coal Industrial Hest Coal Utility Heat (1,000 kg) Dies, t 1
Pre- Pre- Pre- Pre- Pre-
combustion Combustion Jotal sombustien Combustion Iotal  gcogbustion Copbustion  Togal tombustion Combustion Total gcombustjon Combustion Totsl
5.5 41.2 46.7 5.5 38.7 44.2 0.47 30.5 11.0 0.45 30.5 31.0 5.5 38.7 44,2
4. 4.3 ) 4.3 190.0 31.0 221.0 190.0 69.0 259.0 4.3 4.3
0.5 1.0 1.5 0.5 1.8 2.3 2.0 21.0 23.0 2.0 1 13.0 0.5 3.0 3.5
4.2 12.6 i0.8 4.2 8.6 12.8 9.5 9.0 9.5 Q0.5 9.5 4.2 .3 45,5
6.5 0.2 6.7 6.5 0.4 6.9 0.5 0.5 1.0 0.5 0.7 6.5 1.3 17.8
3.8 0.4 4.2 1.8 17.0 20.8 1.5 42.0 43.5 L5 56.5 3.8 6.8 10.6
L6 0.4 1.8 1.4 0.5 1.9 2.5 1.0 3.5 2.5 3.0 1.4 5.6 i7.0
0.05 0.1 0.15 0.05 0.2 0.25 .01 0.002 0.012 0.0t 0.012 0.05 0.7 0.75
0.t 0.1 0.1 0.1 0.02 0.02 0.02 0.02 0.1 0.8 0.9
Q.05 0.0% 0.05 0.05 0.05 0.05
0.0004 0.0004 0,0004 0.0004 0.0004 0. 000
16,6004 44.7 61.3004 16.6004 28.5 45.1004 7.01 73.502 80.532 7.03 T75.702 82.732 16.6004 82.5 99.1004
9.3 9.3 9.3 9.3 9.3 9.3
2.0 2.0 z2.0 2.0
0.5 0.5 0.5 a.5
1. 1.1 11 1.1 0.5 0.5 0.5 0.5 1.1 1.1
10.4 10.4 10.4 10.4 3.0 3.0 3.0 3.0 10. 19,4

=



TABLE 2

PRECOMBUSTION ENVIRONEMENTAL TMPACTS RESULTING FROM
PRODUCTION AND PROCESSING OF 1,000 CUBIC FEET OF NATURAL GAS

Total
Production Processing Precombustion
Energy - 10% Btu 0.021 0.035 0.056
- Atmospheric emissions - 1b
Particulates 0.002 0.001 0.003
Nitrogen oxides 0.119 0.238 0.357
Hydrocarbons 0.495 0.529 1.024
Sulfur oxides 0.010 0.002 0.012
Carbon monoxide 0.038 0.066 0.104
Total Atmospheric 0.66 0.84 1.50
Waterborne wastes - 1b
Dissolved solids
(oil field brine) 0.184 0.007 0.19
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TABLE 3

PRECOMBUSTION ENVIRONMENTAL IMPACTS RESULTING FROM PRODUCTION, REFINING

AND DELIVERY OF 1,000 GALLONS OF LIQUID HYDROCARBON FUEL

Energy - 108 Btu
Solid wastes -~ 1b
Process
Fuel combustion
Mining

Total

Atmospheric emissions - 1b
Particulate
Nitrogen oxides
Hydrocarbon
Sulfur oxide
Carbon monoxide
Aldehydes
Other organics
Ammonia
Lead

Total Atmospheric

Waterborne wastes - 1b
Dissolved solids (oil
field brine)
Suspended solids
BOD
CcoD
Phenol
Sulfide
0il
Acid
Metal ion

Total waterborne

Production Refining Transportation Total
1.4 17.5 1.0 19.9
4.2 4.2
2.6 10.2 0.06 12.9
3.9 15.2 19,1

10.7 25.4 0.06 36.2
0.34 3.82 0.07 4.2
3.02 27.16 4,53 34.7

10.83 42,16 1.34 54.3
2.14 29.12 0.48 31.7
1.63 7.75 1.92 11.3
0.04 0.38 0.02 0.4
0.01 0.43 0.01 0.5

0.42 0.4

0.003 0.0

18.0 111.2 8.4 137.6
77.33 3.23 0.31 80.9
0.63 0.6

0.36 0.4

1.12 1.1

0.10 0.1

0.13 0.1

0.21 0.2

0.04 0.15 0.2
.01 0.04 0.1
77.4 6.0 0.3 84.0
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B. Electric Energy

The environmental impacts associated with use of electrical energy
are summarized in Table 4. The impacts were calculated on the basis of a
composite kilowatt-hour (kwhr). A composite kilowatt-hour is defined as
1 kilowatt-hour generated by the U.S. national average mix of fossil fuels
and hydroelectric power. Data were obtained from the Edison Electric Insti-
tute for 1972.28/

Hydropower was assigned an energy equivalent of 3,413 Btu per kilowatt-
hour and nuclear energy was assigned an energy equivalent of 21,330 Btu per
kilowatt-hour. The amounts of fuel required are the total 1972 U.S. fuel
requirements for electric utilities, divided by the total number of kilowatt-
hours sold to customers. Impact factors from Table 1 were combined with the
fuel quantities to arrive at the impact values in Table 4.

C. Transportation

Eavironmental impacts occur when goods are transported because of
the consumption of fossil fuels to provide necessary energy. 1In this study,
the modes of transportation included are rail, truck, pipeline, and barge.
These impacts were calculated by determining the kinds and amounts of fuels
used by each mode on a national average basis. Impacts were then calculated
for 1,000 ton-miles.

1. Rail: A complete set of fuel consumption datagé/ indicates
that diesel fuel accounted for 98 percent of the energy expended by railroads
in 1968. We assumed that 100 percent of the energy was supplied by diesel
fuel and that 5.63 x 1014 Btu of fuel were used. This fuel use resulted in
7.68 x 101! ton-miles of transportation.lg/ The corresponding fuel consumption
was 5.25 gallons per 1,000 ton-miles. This value was combined with information
in Table 1 to yield the impacts presented in Table 5.

2. Truck: 1In 1967, a total of 9.29 x 109 miles were traveled by
trucks engaged in intercity highway hauling. This resulted im 1.10 x 10
ton-miles of transportation.§9 It is estimated that 35 percent of these
miles were traveled by gasoline engine trucks while 65 percent were traveled
by diesel fueled trucks.—' National average fuel mileage data are not avail-
able, but a reasonable assumption based on actual experience is that this
type of truck travel results in fuel consumption rates of about 5 miles per
gallon for either type of fuel. Thus, 6.5 x 108 gallons of gasoline and
1.20 x 107 gallons of diesel fuel were used in 1967. From this, it was
calculated that 5.9 gallons of gasoline and 10.9 gallons of diesel fuel
were consumed per 1,000 ton-miles. Using data in Table 1, impacts were
calculated and reported in Table 5.
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TABLE 4

ENVIRONMENTAL IMPACTS RESULTING FROM GENERATION AND DELIVERY OF
1,000 COMPOSITE KILOWATT-HOURS OF ELECTRICITY, 1972

Coal 0il Natural Gas Other Total
Quantity 0.22 Ton 13.1 Gal. 2.522 Cu Ft :
Percent of Btu 48.2 ‘17.0 23.5 11.32/ 100
!
Impacts
Energy - 10% Btud/ 5.35 1.89 2.61 1.25 11.1
Solid wastes - 1b
Mining 83.6 e - - 83.6
Fuel combustion 30.4 0.3 - - 30.7
Atmospheric emissions - 1b
Particulates 5.7 0.2 0.6 6.5
Nitrogen oxides 4,2 1.6 5.5 11.3
Hydrocarbons 0.3 0.6 3.5 4.4
Sul fur oxides 24.9 3.7 0.1 28.7
Carbon monoxide 1.3 0.1 1.4
Other 0.01 0.03 0.01 0.05
Total Atmospheric 36.4 6.3 9.2 - 52
Waterborne wastes - 1b
Acid 0.96 0.06 0.58 1.6
Metal ion 0.24 0.01 0.11 0.4
Other 0,20 0.60 0.59 1.4
Total waterborne 1.4 0.7 1.3 - 3.4

a/ These values were derived from Reference 1.

b/ Includes 15 percent of total kilowatt-hours as hydropower and 3 percent
as nuclear. The energy equivalent for hydropower is 0.585 x 106 Btu
and for nuclear is 0.661 x 10° Btu. No other impacts were determined

in this category.
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3. Barge: During 1966, barge traffic resulted in 5.0 x 101l
ton-miles of transportationﬂgl Fuel consumption was 6.99 x 108 gallons of
diesel fuel and 3.09 x 109 gallons of residual.gél Therefore, 1.4 gallons of
diesel fuel and 6.1 gallons of residual were consumed per 1,000 ton-miles.
Again, impacts were calculated and are listed in Table 5.

4. Crude oil and products pipeline: Sources in the pipeline
industry report that, on the average, about 30 cubic feet of natural gas
fuel are required to transport one barrel of o0il 300 miles through a pipe-
line. This requirement translates to 30 cubic feet for 45 ton-miles, or
0.67 cubic feet of natural gas per ton-mile of crude petroleum transportation.
This factor, combined with information from Table 1, enabled us to calcu-
late the impacts for 1,000 ton-miles of pipeline transportation. Pipeline
transportation impacts for moving other types of liquids of interest in this
study were assumed to be approximately the same as for crude oil.

According to the data of Table 5, transportation by truck is the
most environmentally detrimental of the four transportation modes. This
result is due to the relative inefficiency of the gasoline engine. Truck
transportation ranks highest in every impact category. Computer analysis
comparing the four transport modes showed that the impacts for trucks is
more than double that of barge tramsportation, greater than triple that of
rail transportation, and nearly five times worse that pipeline transport.

D. Conversion from Conventional to Metric Units

In the course of this study a large existing data bank was
utilized in making the calculations outlined in this chapter. Because
of the costly and time consuming problems in converting this data bank to
metric units, all calculations were carried out in conventional units.
Therefore, the container system summary table (Table B-13) is in conventional
units, showing the various impacts per one million 12-ounce containers. However,
the discussioss in Volume I will be based on metric units, with the product
base size being 1,000 liters of beverage. The following list of factors
was used to make those conversions from impacts per twelve million ounces
to impacts per 1,000 liters. ’

Conventional Unit X Conversion Factor = Metric (SI) Unit
1b ’ ' 0.4536 kg
Btu 1055. j

gal 3.785 i

cu ft 0.02832 cu m

£1 oz 0.02957 )
1b/12 x 10% £1 oz 0.001278 kg/103 £

10 Btu/12 x 106 f1 oz 0.002973 109 j/103 2
gal/12 x 10°% f1 oz 0.01067 1/103 £

cu ££/12 x 106 £1 oz 0.00007981 cu m/10°
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TABLE 5

FUEL CONSUMPTION AND ENVIRONMENTAL IMPACTS RESULTING FROM

1,000 TON-MILES OF TRANSPORTATION BY EACH MODE

Rail Truck Barge Pipeline

Fuel

Gasoline - gal. 5.9

Diesel - gal. 5.3 10.9 1.4

Fuel o0il - gal. 6.1

Natural gas - cu ft 670
Energy - 10% Btu 0.8 2.5 1.2 0.7
Solid wastes (fuel

combustion) - 1b 0.13 0.40 0.18

Atmospheric emissions - 1b

Particulates 0.17 0.32 0.21 0.01

Nitrogen oxides 2.05 5.08 1.31 5.09

Hydrocarbon 0.72 1.73 0.41 1.47

Sulfur oxides 0.46 0.83 2.11 0.01

Carbon monoxide 0.45 8.66 1.17 1.41

Aldehydes 0.03 0.12 0.07

Other organics 0.04 0.07 0.01

Ammonia

Lead 0.02

Total Atmospheric 3.9 16.8 5.3 8.0

Waterborne wastes - 1b

Dissolved solids (oil

field brine) 0.394 1.260 0.562 0.147

COD 0.004 0.013 0.006

Acid 0.001 0.003 0.001

Metal ion 0.001

Other 0.005 0.016 0.008

Total Waterborme 0.40 1.29 0.57 0.15
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CHAPTER I1

GLASS BOTTLES

This chapter contains the basic data and outlines the calculations
made to determine the resource and environmental profiles of glass beverage
containers. Eight basic container systems are considered. Of these eight,
four are returnable systems and four are one-way systems. The four return-
able systems are three beer systems with differing trip rates and paper
packaging options, and one soft drink system. The four one-way systems are
the conventional beer and soft drink containers, a hypothetical one-way
from recycled glass and a plastic coated glass one-way designed for beer.
Details for these systems are shown in Figures 1 and 2, and Table 6. Fig-
ure 1 is an overall glass container system flow diagram, Figure 2 and Table
provide numerical material summaries.,

This chapter discusses glass bottle systems in the following
sequence.

A. General Discussion of Computer Generated Tables
B. OQOverview

C. Glass Sand Mining

D. Limestone Mining

E. Lime Manufacture

F. Natural Soda Ash Mining

G. Soda Ash Manufacture

H. Feldspar Mining

I. Glass Container Manufacture

J. Closures

K. Plastic Coated Bottles

L. Paper Packaging

M. Bottle Filling

N. Solid Waste Disposal

0. Nonreturnable and Returnable Glass Containers
P, Glass Recycling

A. General Discussion of Computer Generated Tables

Table 7 is in the form that computer generated tables in this
report will duplicate, and the discussion that follows can be generalized
to all of those computer tables. The table is divided into three main
sections: (1) input to systems, (2) output from systems, and (3) summary.
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& Etc.
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Final Disposal

!
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Glass Manufacture
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Bottle Filling
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Waste Processing

Cullet
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Figure 2 - Materials Flow for Glass Container Systems
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Glass Containers
Closures

Paper Packaging
Corrugated
Bleached Kraft

Cleaning Agents

Plastic Coat

Note:

TABLE 6

CONTAINER RELATED MATERIALS REQUIRED FOR 1 MILLION FILLINGS (TONS)

Returnable Bottles

19 Trip 10 Trip 5 Trip 15 Trip
On-Premise  Off-Premise Off-Premise Soft Drink
(Three- (Three- (One-~ (Three- One-Way Bottles
Trip Trip Trip Trip Con-
Paper Paper Paper Paper Soft Plastic Recycled ventional
Packaging) Packaging) Packaging) Packaging Drink Coated Glass Glass
16 30 61 22 260 173 205 205
2 2 2 2 2 2 2 2
13 13 39 1.4 22 11.4 13.5 13.5
- 5.7 17 7.3 14.3 29 29 29
1.5 1.5 1.5 1.25 - - - -
- - - - - 2.2 - -

All container volumes were 12 ounces, except 1l5-trip soft drink which was

All containers were for beer, except the two specified for soft drink.

16 ounces.
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INPUTS TO SYSTEMS

NAME

MATERIAL wOOU FIBER
MATERIAL LIMESTONE
MATERIAL IRON ORE
MATERIAL SALT
MATERIAL GLASS SAND
MATERIAL NAT SODA ASH
MATERIAL FELDSPAR
MATERIAL BAUXITE ORE
MATERIAL PROCESS ADO
ENERGY PROCESS

ENERGY TRANSPORT
ENERGY OF MATL RESOQURCE
WATER VOLUME

OUTPUTS FROM SYSTEMS

NAME

SOLID wASTES PROCESS
SOLID WASTES FUEL COMB
SOLID WASTES MINING
SOLID WASTE POST-CONSUM
ATMOS PARTICULATES
ATMOS NITROGEN OxIDES
ATHOS HYDROCARBONS
ATHOS SULFUR OXIDES
ATMOS CARBON MOMOXIOE
ATHOS ALDENYDES

ATMOS OTHER OROGANICS
ATHMOS ODOROUS SULFUR
ATHOS AMMONIA

ATMOS HYDROGEN FLOURIDE
ATMOS LEAD

ATMOS MERCURY
ATMOSPHERIC CMLORINE
WATERBORNE FLUORIDES
WATERBORNE DISS SOLIDS
WATERBORNE BOD
WATERBORNE PHENOL
WATERBORNE SULFIDES
WATERBORNE OIL
WATERBORNE COD
WATERBORNE SUSP SOLINS
WATERBORNE ACID
WATERBORNE METAL ION
WATERBORNE CHEMICALS
WATERBORNE CYANIDE
WATERBORNE ALNALINITY
WATERBORNE CHROMIUM
WATERBORNE [RON
WATERBORNE ALUMINUM
WATERBORNE NICKEL
WATERBORNE MERCURY
WATERBORNE LEAD

SUMMARY OF ENVIRONMENTAL IMPACTS

NANE

RAW MATERJALS

ENERGY

WATER

INDUSTRIAL SOLIDO wASTES
AT EMMISSIONS
WATERHBORNE WASTES
POST-CONSUMER SOL wASTE

UNLITS

POUNDS
POUND
POUND
POUND
POUND
POUNO
POUND
POUND
POUNDS
MIL 8Ty
MIL BTU
MIL 8TV
THOU GAL

UNITS

POUND
POUND
POUND
CUBIC FY
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUNL
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
FOUND

UNLTS

FOUNDS
MIL kTU
THOU GAL
cuslc F1
POUNLS
POUNDS
cuslic FY

TABLE 7

IMPACTS FOR | MILLION GLASS CONTAINERS

19 TRIP 10 TRIP S  TRIP PLASTIC
ON PREM OFF PREM OFF PREM COATED
RETURN  RETURN RETURN  GLASS

GLASS GLASS 6LASS

28992, 411106 120339, 82101,
15497, 28047, S4408, 153112,
5809, S8409. 5809. 3809,
10582, 17203, 3119, ap272,
21120, 40260, 80520, 231000,

2480, 4727, 9455, 27125,
2416, 4605, 9211, 26429,
' 0. 0, 0.
3032. 4491, 11354, 13343,
1226, 1117, 3526, 5042,
266. 8, 493, s371,
le 1. 1. 108,
1066, 1448, 3048, 3205,
13434, 21922. 42268, 101373,
2380, 3550, 9458, 8931,
29979, 36392, 52071, 96007,
672, 1121, 2708, 3484,
1406, 2119, 5210, s4la,
1260 1617, 2924, 4140,
908. 1199. 2094, 3797,
1928, 2447, 5629, 473,
182, 965, 1665, 2098,
13. 16, 26, 31,
34, 4, B4, 87,
239, 364, 1061, 808,
27, 42, 12, 183,
0. [ 0, 0.

1e 1. 2. 2.

0. 0, 0. 0.
13, 13, 13, 0o
0. 0. 0. 0.
326, 418, 742, 1080,
1593, 1883, 3592, 191s,
0. [ 1. le

[: X% [: 2% le A

6. 9. 15, 40,

2. 3. S. 17,
578, 854, 195}, 1805,
57, 75, 142, 204,
14, 194 36, 51,
0. 0. 0. 0.

0. 0. 0. 0,

0. 0, 0, 0.

0, 0. 0. 0.

O 0. Q. 0.

0. 0, 0. 0.

0, 0, 0. 0,

0. 0. 0. 0.

[ [ 0. 'R

49898, 146253, 322426, 419187,

19], z0e6, 4020, BART,
1064, 14a5, 3048, 3285,
6i8, 83, 1401, 85,
6t)12, LY In175, 23037,
2576, 3259, hebh, 5093.
6T2. 1121, 2708, KL2-T00

ONE wAY
GLASS

100 PCNT
RECYCLE

87197s.
1649,
9809,

0.
2706.
0.

0.

0.
4517,
7020,
435,
1.
27023,

18%13.,
1133%0.
37003,
1443,
4793,
5367,

104657,
TeS6,
2703,
‘903,
2650 4.
Shol.
1843,

ONE  wAY
GLASS

86041,

118977,
9409,
106969,
3841,
T040.
4367,
3750.
5922,
2228,
3a,

706997,
6036,
3862,
3137.

26486,
5293.
3Bwl.

SOFTY
DRINK
15=TRP
RETURN

18162,
23207,
5809,
14165,
33006.
387S.
3T7S.
0.
2639,
12%7.
223,
1.
1086,

104692,
1481,
1004,

T04e
6417,
2515,

H2l.

SOFY
DRINK
ONE-WwAY
SLASS

2027,
24431,
5815,
118069,
339768,
37,
38067,
9.
19331,
6094,
831,

2078,

141701,

844805.
6626,
2975.
3750.

26298,
4333,
428,



At the top of Table 7 we see the input to systems section. In that
section is found a detailed display of the amounts of materials, energy and
water input to each of the nine systems considered here. For example, the
first number in the first column shows that the total manufacturing system
for 1 million 19-trip on-premise returnable glass bottles (starting from
extraction of raw materials from the ground through final disposal) requires
28,992 pounds of wood fiber.

The second section of the table shows the output from the systeums,
measured in terms of the solid wastes, atmospheric emissions and water
pollutants.

Finally, the lower section contains an aggregated summary of the
first two sections. For example, all of the lines in the "input to systems"
section of the table which are labeled as materials are summed and listed
as '"Raw Materials" in the summary table. The other impacts are summed and
reported in similar fashion.

» The overview section of this chapter contains eight tables of the
same type as Table 7. However, Table 14 contains basic data from which
the other tables were derived. Table 14 results from computer calculations
converting raw data into the various impact categories. For example, the
first column on Table 14 is for glass sand mining. This column is based
on Table 15, p. 26, The computer converts values such as 0.0058 ton coal
(Table 15) into its various impacts, such as the air pollutants (Table 1),
and aggregates the value for 1 ton of glass sand mining as shown in Table 14.
These values, along with the other values are then combined to form the sys-
tems as shown in other tables, such as Table 7. This is done by using flow
diagrams such as Figure 1, which shows that 1,333 pounds (0.666 ton) sand are
required for 1 ton of glass manufacture. Then, finally the computer is
instructed to include 16 tons of glass (Table 6) for 1 million fillings of
a 19-trip returnable. The other data needed to build the systems are
treated in the same fashion.

B. Overview

This section contains eight computer generated tables which sum-
marize the envirommental impacts of glass bottles. Table 7 displays
the impacts for 1 million containers of each of the systems. Table 8 shows
the impacts for 1 ton of nonreturnable bottles as allocated to each component
process. Tables 9 and 10 present the impacts for returnable systems, also
broken down by component processes. Table 1l presents the GCP System.
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6S

INPUTS TO SYSTEMS

Nauf

MATER]AL
MATERIAL
MATERIAL
MATERTAL
MATERTAL
MATER[AL
MATERIAL
MATERIAL
MATERTAL

w000 FIRER
LIMESTONE
1RON ORE
SALY

GLASS SAND
NAT SODA ASKH
FELOSPAR
BAUXITE ORE
PROCESS ADO

ENERGY PROCESS
ENERGY TRANSPORT
ENERGY OF MATL RESOQURCE

wATER

VOLUNE

OUTPUTS FROM SYSTENMS

NaME

SOL1D
SoL1D
SOLIO
SOL 1D
ATHMOS
ATMOS
ATHOS
ATHOS
ATMOS
ATHOS
ATMOS
ATMOS
ATMOS
ATNOS
ATMOS
ATMOS

WASTES PROCESS
WASTES FUEL COMB
WASTES MINING
WASTE POST-CONSUM
PARTICULATES
NITROGEN OX]DES
HYOROCARBONS
SULFUR OX]OES
CARBON MONOR]IDE
ALDERYDES

QYHER ORGANICS
OROROUS SULFUR
AMMON] A

HYDROGEN FLOURIDE
LEAD

MERCURY

ATMOSPHERIC CHLORINE

WATERBORNE
wATERBORNE
wATERBORNE
WATERBORNE
wATERBORNE
wATERBORNE
#ATERBORNE
WATERBORNE
WATERBORNE
wATERBORNE
wATERBOKNE
WATERHORNE
WATERBORNE
NATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERAORNE
WATERBORNE

SUMMARY OF ENVIRONMENTAL

NaMt

FLUORIGES
VISS SoLIDS
800

PHENOL

SULF IDES
oIL

cad

SUSP SOLI0S
ACl1O

METAL JON
CHEMICALS
CYanioE
ALKALINITY
CHROMIUM
1RON
ALUMINUM
NICKEL
MERCUKY
LEAD

[MPACTS

AW WATEW{ALS

ENERGY

wATF&

INDUSTRIAL SULTIU waSTES
ATM eSS [Ny

wATERHOPNT
PUST-CO Qisvt w B

wuSTE S
wAh§TE

UNITS

POUNDS
#OuND
POUND
POUND
POUND
POUND
POUND
POUND
POUNDS
MiL KTy
#IL BTU
MIL 8Ty
THOU GaL

UNLITS

POUND
POUND
POUND
cudiICc F?
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUNY
POUND
POUND
POUNL
PCUND
POUND
POUND
POUND
POUND
POUND
PQUNI
POUNLD
POUNL
POUND
POUND
POUND
POUNOD
POUND
POUND

UNTTS

FOUNL S
»IL HTU
THOU GaL
CURIC ¢ T
FOUN. &
[T
Cimlc + ¢

FELDSPAN
HINING
15) LBS

0.000
0,000
0,000
0.000
0,000
0,000
0,000
0,000
0,000

2052

04N
0.000

«3e1

0.000

OLASS
SanD
MINING
1333 L8S%

0.000
0,000
0,000
0,000
0.000
0.000
6,000
0,000
0.000

«529

<080
0.000
1.207

6.000
+53%
2.238
0,000
250
TY)]
«37¢
«639
+18)
.002
.005
0,000
+000
0.000
«000
000
0.000
0.000
. 086
«000
<000
000
.000
.000
2665
030
008
0.000
0.000
0,000
0,000
0.000
0,000
0,000
0.000
0.000

0.000
«569
1.207
«0137
1o892
«THQ
N.000

TABLE 8

IMPACTS FUR 1 _TOY OF GLASS QNE-WAY CONTAINER SiSTEM

SO0DA
ASH
MINING
155 Las

0.000
0,000
0.000
0,000
0.000
0,000
0,000
0.000

0.000
0.000
9,240
0,000

<773

«021

038

.000

005

«000

000
0.000
0,000
0.000
0,900
0,000
0.000
0,000

«007
0.000
9.000
0.000
0.000
G.000
0.000
0,000
0.000
9.000
g.000
6,000
0.000
0.000
0.000
G.000
0,000
0.000

0.000
«040
<093
125
o835
007

0.002

SODA
ASH
nre
278 L8S

0,000
347,900
0,000
458,700
0.000
0,000
0.000
0.00¢
1,281
1.89])
0.000
0.008
2.33

464,260
3,057
18,223
0,000
5,192
1.254
400
4,028
»392
«005
«004
0.000
974
0.000
+000
«000
0.000
0.000
o211
«000
2002
000
000
«002
978
Jde2
«0s8
002
+000
0.000
0,000
¢.000
0.000
0.000
0.000
e.000

807,45)
1en5]
2,336
6.55%
13,049
IFE A
0,050

LINE
Ll
92 L9S

16,790
«298
l.681
0.000
1.812
144
» 096
+408
<066
«000
001
0,000
«000
0.000
000
+000
0.000
0,000
019
000
«000
+000
«000
+000
+000
019
«005
0,000
0,000
0.000
0,000
0.000
0.000
0,000
0,000
0,000

184,000
o215
201>
253

2,504
N42
0.000

LIMESTON
MINING
876 LBS

0,000
«031
»0a8]
»002

S,Hs
<011

U.000

SALT
NINING
458 LbS

0,000
0,000
6.000
0.000
0,000
0.000
0.000
0.000
0.000
<044
« 005
0.000
230

0,000
007
2016

0.000
«003
028
«043
#0158
012
«000
<000

0.000
+000

9.000
« 000
«000

0,000

04000
«010
«000
«000
000
»000
« 000
«000
«000
000

0.000

04000

0,000

0,000

0,000

0.000

0,000

0,000

0,000

U G0v
Va9
230
«000
«lul
<010

0,000

BLASS
CONT

Fas

2000 LBS

2.000
334,000
0.000
0.000
1320.000
155.000
isl.000
0.000
40,600
15,474
«194
0.000
l1.188

20004000
156060
l1dleb
1.017
38,32
AR L]
vau0o

DISPOSAL

0,000
0.000
0.800
0.000
0,000
0,000
0,000
0.000
0.000
0,000

o139
0.000

«009

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000

0.000
«139
009
000

24149
«0T6

1he2ne

STEEL
CLOSURE
20 L8S

38.681
«505
«955
1,508
1.791

227
0.000

TRANS

0.000
1.500
087
«005
9.43)
o766
O.uo00

FILLING
BOTYTLES
2000 LBS

0.000
«683
1.484
AT7
Zelul
slos
0.000

PACKAGIN
404 LBS

425,567
T.752
8.80)
l.018

IT.ET10
17a2v3
G.000



INPUTS TO SYSTENS

NAME

wo0D FIBER
LINESTONE
IRON ORE
SALY

OLASS SAND
NAT SODA ASH
FELOSPAR
MATERIAL BAUXITE ORE
MATERIAL PROCESS ADO
ENERBY PROCESS

ENERBY TRANSPORTY
ENEROY OF MATL RESOURCE
WATER vOLUME

MATERTIAL
MATERIAL
NATERIAL
MATERIAL
MATERJAL
MATERIAL
MATERIAL

OUTPUTS FAON BYSTENS
NANE

SOLID
SOL1ID
SOL1ID
SOLID
ATMOS
ATMOS
ATHOS
ATNOS
ATMOS
ATHMOS
ATMOS
ATMOS
ATHOS
ATMOS
ATMDS LEAD

ATMOS MERCURY
ATMOSPHERIC CHLORINE
WATERBORNE FLUORIDES

WASTES PROCESS
WASTES FUEL COMB
WASTES MINING
WASTE POST=CONSUM
PARTICULATES
NITROGEN OXJIDES
HYDROCARBONS
SULFUR OXIDES
CARBON MONOXIDE
ALDEHYDES

OTHER QROANICS
ODOROUS SULFUR
AMMON T A

NYDROGEN FLOURIDE

WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
SATERBORNE
WATERBORNE

MNAME

DISS SOLIDS
800

PHENOL
SULFIDES
oIt

coo

SUSP SOL1DS
ACID

METAL ION
CHEMICALS
CYANIDE
ALKALINITY
CHROMIUM
IRON
ALUMINUN
NICKEL
RERCURY
LEAD

SUNMARY OF ENVIRONMENTAL IMPACYS

RAN MATERIALS

ENERGY
WATER

INDUSTRIAL SOLID wASTES
ATM EMMISSIONS
WATERBORNE WASTES
POST-CONSUMER SOL WASTE

TABLE 9

BOTTLE
SYSTEM
41 TONS
UNITS
POUNDS Q.
POUND 82798,
POUND G.
POUNOD 27981,
POUND 805249.
POUND 9455,
POUND 9211.
POUND [ DY
POUNDS 2516,
MIL BTY iiil.
MIL BTU 18.
MIL BTU .
THOU QAL 33,
UNITS
POUND 320889.
POUND 786.
POUND 24329,
CuBlC FT 0.
POUND 1158,
POUND 748,
POUND 829.
POUND 937.
POUND 178,
POUND 3.
POUND S.
POUND O,
POUND 60.
POUND Q.
POUND Qe
POUND 0.
POUND 0.
POUND . 0,
POUND 188,
POUND 0.
POUND 0,
POUND 0.
POUND 12.
POUND 1.
POUND 100,
POUND 41,
POUND 10,
POUND 0.
POUND 0.
POUND '
POUND 0.
POUND [ B
POUND 0.
POUND ('
POUND 8.
POUND 0.
UNITS
POUNDS 182479,
MIL BTV 1130,
- THOU GAL 331,
cuBlC FY 172
POUNDS kLI &N
POUNOS 353,
CuUBIC FTY 0s

60

FILLING

2036,
219.
1173,

95.
259.
286.
Jra.

s0.

3261,
418,
‘zl.

46,
1084,
1365,

0.

PACKAGE

122279.
0.

130927,
2187,
2199,

277,
11751,
4655.
0.

IMPACTS FOR 1 MILLION $~TRIP OFF PREMISE RETURNABLE (1ASS BOTTLES

OISPOSAL

0.
0.
ol
O.
o‘
°.
0.
0.
Qe
o‘
13.
0.
1.

°o
13.
1.
0.
381,

2590,

" TRANS

0.
0.
Oe

0.
Q.
0.
°.
0e
e
243,
0.
is.

0.
243,
16,

148},
123,
8.

'STEEL
CLOSURE
€000 Lbs

1649,

5809,
LN

9.
0.
0.
eta.
LN
2.

11

1636.
Se.
21262,
0.
120.
39.
bl.
85.
17,
o.
0.
.,
il.
o.
Q.
0.
0.
o.
8.
o'
“0
G,
2.
o.
11.
19
Se
°.
[ B
0.
Q.
0'
g.
°0
o.
' 0

7736,
101.
111,
3ie0.
35‘ .

45,
0.



TABLE 10

IMPACTS FOR | MILLION 19-TRIP ON PREMISE RETURNABLE GLASS CONTAINERS

INPUTS TO SYSTEMS

NAME

MATERIAL wOOD FIBER
MATERIAL LIMESTONE
MATERIAL IRON ORE
MATERJAL SALT
MATERIAL GLASS SAND
MATERTAL NAT SODA ASH
MATERIAL FELDSPAR
MATERIAL BAUXITE ORE
MATERIAL PROCESS ADD
ENERGY PROCESS

ENERGY TRANSPORT
ENERGY OF MATL RESOURCE

WATER

voLune

OUTPUTS FROM SYSTENS

NANE

SOoLIO
SOLID
SQL1D
SOLID
ATMOS
ATMOS
ATHMOS
ATMOS
ATHOS
ATMOS

WASTES PROCESS
WASTES FUEL COMB
WASTES MINING
WASTE POST-CONSUM
PARTICULATES
NITROGEN OX]IDES
HYDROCARBONS
SULFUR OXIDES
CARBON MONOXIOE
ALDEHYDES

ATMOS OTHER ORGANICS
ATMOS ODOROUS SULFUR
ATMOS AMMONIA

ATMOS HYOROGEN FLOURIDE

ATMOS LEAD

ATMOS MERCURY
ATMOSPHERIC CHLORINE

wATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
wATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WA TERBORNE
WA TERBORNE

NAME

FLUORIDES
DISS SOLIDS
BOOD

PHENOL
SULFIDES
oIL

cop

SUSP SOLIDS
AC1D

METAL ION
CHEMICALS
CYANIDE
ALKALINITY
CHROMIUM
IRON

ALUM INUM
NICKEL
MERCURY
LEAD

SUMMARY OF ENVIRONMENTAL IMPACTS

RAw MATERIALS

ENERGY
WATER
INDUSTRIAL

SOLID wASTES

ATH EMMISSIONS

WATERBORNE

wASTES

POST-CONSUMER SOL WASTE

UNITS

POUNDS
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUNDS
MIL BTU
MIL BTU
niL BTL
THOU OAL

UNITS

POUND
POUND
POUND
CUBIC FT
POUND
POUND
POUND
POUND
POUND
POUND
POUNO
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUNO
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND

"POUND

POUND
POUND
POUND

UNITS

POUNDS
Mit RBTU
THOU GAL
cusiIC FT
PGUNDS
POUNDS
CuBliC FT

BOTTLE
SYSTEM
16.0 TON

o.
13848.
[
7339,
21120,
2480,
2416,
o.
6‘0.
292,

47861,
296,
87.
202.
1026.
913.

Oe

6l

FILLING

0.
0.

0.
3213.
00

G
O«
48,
~18.
0o
0.
621,

2036,
219.
1173.
00
95,
259.
286.
3avea.
S50.
1.
?.
0-
e
0.
0-
0.
13,
o‘
90.
1000.
0.
0.
0.
0.
260.
1l.
3‘
0.
0.
0.
0.
0.
o.
0.
0.
0.

32sl.
418,
421.
46.
1084,
1365,

PACKAGE

29169.
0‘

3le228.
a7C.
435,
69.
2820.
“T2,
0.

OISPOSAL

0.
0.
Oe
C.
o.
°o
Oe
0.
0.
o.
3.
n.
°.

TRANS

Q.
O.
n.

0.
Q.
0.
0.
[

205,
O.
12.

68,
0.

205,
12.
1.
1246,
10s,
0.

STEEL
CLOSURE
4000 LdS

Tisk.
lule
1al-
3i0.
355 .

8,

e



TABLE 11

IMPACTS FOR 1 MILLION PLASTIC COATED GLASS_ BOTTLES

INPUTS TO SYSTEMS

NAME

MATERIAL wOOD FIBER
MATERJAL LIMESTONE
MATERIAL IRON ORE
MATERIAL SALT
MATERIAL GLASS SAND
MATERIAL NAT SODA ASH
MATERIAL FELDSPAR
MATERIAL BAUXITE ORE
MATERIAL PROCESS ADO
ENERGY PROCESS

ENERGY TRANSPORT
ENERGY OF MATL RESOURCE
WATER VOLUME

OUTPUTS FROM SYSTEMS

NAME

SOLID WASTES PROCESS
SOLID WASTES FUEL COMB
SOLID WASTES MINING
SOLID WASTE POST-CONSUM
ATMOS PARTICULATES
ATMOS NITROGEN OXIDES
ATMOS HYDROCARBONS
ATMOS SULFUR OXIDES
ATMOS CARBON MONOXIDE
ATMOS ALDENMYDES

ATMOS OTHEKR URGANICS
ATMOS ODOKOUS SULFUR
ATMOS AMMONIA

ATMOS MYDROGEN FLOURIDE
ATMOS LEAD

ATMOS MERCURY
ATMOSPHERIC CHLORINE

wATERBORNE
WA TERBORNE
WATERBORNE
WATERBORNE
wATERBORNE
wATERBORNE
wATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
wATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
WA TERBORNE
WATERBORNE

NAME

FLUORIDES
DISS SoLIDS
80D

PHENOL
SULFIDES
oI

[o0]4]

SUSP SOLIDS
ACID

METAL ION
CHEMICALS
CYANIDE
ALKALINITY
CHROMIym
IRON
ALUMINUM
NICKEL
MERCURY
LEAD

SUMMARY OF ENVIRONMENTAL IMPACTS

RAw MATERIALS

EMENGY
WATEK
INDUSTRIAL

SOLID wASTES

ATM EMMISSIONS

WATERBORNE

WASTES

POST-CONSUMER SOL WASTE

UNITS

POUNDS
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUNDS
MIL BTU
MIL BTU
MIL BTU
THOU GAL

UNITS

POUND
POUND
POUND
CuUBIC FT
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND

UNITS

POUNDS
MIL BTU
THOU GAL
CuBIC Fr
POUNDS
POUNDS
cuBiIC Fr

POLYSTY
FOAM
JACKET
4400 LBS

22,
256.
39%.
11.
378.
109,
g.

62

GLASS
SYSTtM
FILLING
ETC.

A2101,
1531170,
S8uY,
80272,
231000,
27125,
26625,
0,
13321,
4494,
$137.

l.
3746,

1007,
o799,
95666,
4R,
0388,
RLLY-N
3331.
533s.
2054,
3le
hbo
A,
[HEN
o.

P‘

0’

e

[

61916b.
LR HO
32~¢F.
2715,
22179,
&9ub,.
3486,



INPUTS TO SYSTEMS

NaME

MATERIAL w0OD FIBER
MATERIAL LIMESTONE
MATERIAL IRON ORE
MATERIAL SALT
MATERIAL GLASS SAND
MATERIAL NAY SODA ASH
MATERIAL FELDSPAR
MATERIAL BAUXITE ORE
MATERIAL PROCESS ADD
ENERGY PROCESS

ENERGY TRANSPORT
ENERGY OF MATL AESOURCE
VATER VOLUNE

QUTPUTS FROM SYSTENS .

NamE

SOLID WASTES PROCESS
SOLID WASTES FUEL COMB
SOLID WASTES MINING
SOLID WASTE POST-CONSUM
ATMOS PARTICULATES
ATMOS NITROGEN OXIDES
ATMOS MYOROCARBONS
ATMOS SULFUR OXIDES
ATMOS CARBON MONOXIDE
ATMOS ALDENWYDES

ATMOS OTHER ORGANICS
ATMOS ODOROUS SULFUR

ATMCS

AMMONT A

ATMOS HYDROGEN FLOURIDE

ATMOS LEAD
MERCURY

ATMOS

ATMOSPHERIC CHLORINE

WATERBORNE
WATERBORNE
wATERBORNE
wATERBORNE
wa TERBORNE
WATERBORNE
wATERRORNE
WA TERBORNE
WATERBORNE
WATERBORNE
WATERBORNE
wa TERRBORNE
WATERBORNE
wa TERBORNE
wATERBORNE
WATERBORNE
WA TERRORNE
wATERHORNE
YATERBORNE

FLUORIDES
DISS SOLIDS
800

PHENOL
SULFIDES
oIL

cop

SUSP SOLIDS
ACID

METAL ION
CHEMICALS
CYANIOE
ALKALINITY
CHROMIUM
IRON
ALUMINUM
NICKEL
MERCURY
LEAD

SUMMaRY OF ENVIRONMENTAL IMPACTS

NamE

RAw MATERIALS

ENERGY

WATER

INDUSTRIAL SOLID wASTES
ATM EMMISSTIONS
WATERBORNE WASTES
POST-CONSUMER S0L WASTE

UNITS

POUNDS
POUND
PGUND
POUNOD
POUND
POUND
POUND
POUND
POUNDS
MIL 8Tu
»IL BTU
WIL BTU
THOU SAL

UNITS

POUND
POUND
POUND
CuslIC FT
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND

UNITS

POUNOS
“iL BTU
THOU GAL
CuBIC FY
POUNDS
POUNDS
CuslIC FYV

TABLE 12

IMPACTS FOR 1 MILIION SOFT DRINK CONTAINERS

15 RET

18162,
232867.
5809.
14145,
33000,
3875.
arrs.

2639.
1257.
223.
le
1006,

104692,
1481,
1004,

Tos.
6417,
251S.

a21.

63

ABS

58318.
5469,
2992.

583.

20600,
4915,
2018,

ALSTL

2928,
53682,
189060,

255151,
3574,
3658,

10127,
13873,
1703,
327.

PC6

56746,
183404,
5809.
96327.
277200,
32550.
3i710.
0.
12982.
5299,
473,
108.
2673,

116813,
T420.
109044,
3488.
6135,
4221.
4189,
5655.
2293.
33.
92.
532.
217.
0.

3.

0.

0.

0.
1079.
1282.
1.

l.
a7,
16.
1259.
222.
55.
0.

0.

0.

0.

0.

0.

(UM

Q.

0.

696728,
5881.
2673.
3149,

23370,
3962.
3e88.

CSTL

2703,
43021,
139652,
3335,
0.

0.

0.
57232,
11489,
827,
285,
276.
3197,

46459,
5319.
593618.
302.
4777,
3207,
4229.
6175,
2131.
22.
47,
124,
257,
19.
2.

0.
13.
a2.
665,
121,
l.

1.
176,
718,
398,
664,
171.

257432
4990.
3197,
8713.

21005,
3224,
302.

owG

62627,
224431,
5815.
118069,
339768,
39897,
38867,
0.
15331.
6094,
531,

1.
2975,

14170},
8249,
127832,
3425,
Ti1R0.
4731,
4419,
64690,
2496,
37.

99.
579,
264,

Qe

3.

844805,
6626.
297%.
3750.

26298.
4333,
3425.

ALUM

2699.
9139.
Ge
9260.
0.

0.

0.
153047,
12017,
6126,
276,
589,
1617,

14486,
11277.
224632,
258.
S153.
577,
4RQ0.
11503.
aole.
28.
50
22.

R3.
2.

0.
7.
226.
1102.
209.
2.

l.
Jela.
1A99.
369.
5H1.
159.
610.
0.

0.

0.
0.
0.
G
0.

idale2.
6986 .
117.
3380,
30%06.
5541.
258.



INPUTS TO SYSTEMS

NamE

MATERIAL wQOD FIBER
MATERIAL LIMESTONE
MATERIAL [RON ORE
MATERJAL SALY

MATERIAL GLASS SANO
MATERIAL NAY SO0A ASM
MATERIAL FELDSPAR
MATERIAL BAUXITE ORE
ENERGY SOURCE PETROLEUM
ENERGY SOURCE NAT GAS
ENERGY SOURCE COAL
ENERGY SOURCE MISC
ENERBY SOURCE wOOD FIBER
MATERIAL PROCESS ADD
ENERGY PROCESS

ENERGY TRANSPORY

ENERGY OF MATL RESOURCE
WATER VOLUME

QUTPUTS FROM SYSTEMS

NAME

SOLID WASTES PROCESS
SOLID WASTES FUEL COMS
SOLID WASTES MINING
SOLID WASTE POST-CONSUM
ATMOS PARTICULATES
ATMOS NITROGEN OXIDES
ATmOS HYDROCARBONS
ATMOS SULFUR OX]1DES
ATHMOS CARBON MONOXIDE
ATMOS ALDENYDES

ATHMOS OTHER OHGANICS
ATMOS QDOROUS SULFUR
ATMOS AMMONIA

ATMOS HMYDROGEN FLOURIDE
ATMOS LEAD

ATHMOS MERCURY
ATMOSPHERIC CHLORINE
WATERAORNE FLUGRIDES
wATERRORNE DISS SOLIDS
WATERBORNE BOD
WATERBORNE PHENOL
wATERBORNE SULFIDES
wATERSORNE CIL
WATERBORNE CUD
WATERPBURNE SUSP S0L 1DS
WATERHORNE ALID
WATERBORNE METAL ION
wATERBDRANE CHEMICALS
wATEHHORNE CYAN]DE
WATERBORNE ALKALIMNITY
wATERBORNE CHHOMIUM

wA TENAORNE [HON
WATERBORME ALUMINUM
wATERAORNE NICKEL

wa TERHORNE MERCURY
WATEWSORNE LEAD

SUMMARY OF FNVIKONMENTAL [MPACTS

Name

NAw MATERIALS

ENERGY

WATEN .
INOUSTELAL SoLID waSTES
ATM FMM]SSIONS
wATENMOMNE wASTES
BNST-CONSUMEN SOL wASTE

UNITS

POUNDS
POUND
POUND
POUND
POUND
POUND
POUND
POUND
MILL 8Ty
ML BTY
“iLL BTU
MILL BTU
MiLL BTy
POUNDS
»iL 8T
MIL BTy
MIL 8TV
THOU GAL

UNITS

POUND
POUND
POUND
cuslc Ft
POUND
POUND
POQUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POLND
POUND
POUND
POUND
POUND
POUND
POUNL
POUND
POUND
POUND
POUND
POUN
POUNG
POUND
POUND
POUND
POUND
POUND
POUND
POUND

UNITS

POUNDS
ML BTU
THIL GAL
CuplC FY
POUNDS
POUNLS
CudiC FT

TABLE

13

IMPACTS FOR I MILLION BEER CONTATNERS

19 RET 10 RET °
28992. 41110,
15497, 28047,

5809, 5809,
10552. 17203,
21120, 40200,

2480, 4727,

2618, 4605,

%. 0.
488, 603,
578. 815,
260, azr.
19, 27.
166, 255.
3632, 4491,
1224, 1717.
266, 308,
1. le

1084, 1445,
134348, 21922.

2380, 31550,
29979, 36392,

672, 1121,

1408, 2119,

1260. 1617,

908, 1199,

1928. 2847,

182, 965.
13. 16.
38, “s,
239, 3os,
27, 2.
[ 0.
1. 1.
0. 0.
13. 13,
0. 0.
32e. 415,
1593, 1883,
0. 0.
0. Ne
6. 9.
2. 3.
578. 854,
57. 5.
1s, 19.
0. 0.
0. 0.
a. [
0. e
[ o.
0. 0.
0. [0
G. 0.
0. 0.

8989s. 146253,

1691, 2026,

106e, less,
ola. 835,
6612, AB27,
2576, 31259.
LXr 1ei.

64

5 RET

120339,
$4445,
5$809.
3119s.
80520.
9455,
9211.
0.
1086,
1474,
657,
53,
750,
11354,
3526,
493,
1.
3048,

32232s,
4020,
1048,
1401,
18779,
6ABS,
276n,

ABS

17267,
1649,
5808.

0.

0.

c.

0.

0.
2632,
1520,
780.
117.
593,
7881,
313,
saa.
1921.
3909,

92556,
5936,
1909,
516,
2267,
Aeaq,
[T

ALSTL

2928.
53482.
189060,
[

[

0.

0.

0.
.62,
372
?205S.
Tle
11.
9483.
3379,
188.
5S5.
Jes?.

255153,
3e22.
INNT,

16138,
13867,
1101,
z7,

06

82101.
153112,
5809.
80272,
231000.
27125.
20425,
0.
1197,
2798,
veaz.
87,
575,
13343,
5062,
$37.
108.
32KS.

101373,
8931.
96007,
Jeda.
sa18,
4140,
3797,
5473,
2098,
n.
ar,
808,
183,
0.

619187,
5687,
32us,
27res,

23037,
5093,
348,

oG

LYY 3%
177303,
Suil.
93093,
2nT7894,
31es7.
ELL TS
0.
1290,
ELTY- 2
Y93,
92.
59A,
18752,
Se81l.
S7e.

te
Jene,

115977,
9409,
106969,
Inel,
1Ce0.
4307,
3750,
4922,
2228.
Ia,

92.
uet,
211,

7006997,
LR LN
1002,
3.

FLTY T
S¢93,
38,

CST1.

21y,
43821,
139652,
333s.
0.

C.

0.
47032,
Yan,
lel2.
2219,
200.
1%.
11491,
4528,
23%.
21,
1ive,

46459,
S53ny.
994022,
3ue.
AB2%.
3215,
“22%,
6302,
170%,
s,
3,
126,
257.
19,

5TA 30,
~037.
Jive,
BT,

7080s.,
3221.
Joz.

Al

2699,
913y,

wag,
0.
",

153067,
1002,
288 .
2957,

433,
1%.
1/3ive
A2¢3.
222.
sy,
1616,

18ane,
f19el,
22%000 .
oA
H202.
“Tnl.
«500.
iie3l.
sTih,
3.
3.
2¢.

3.

~.

ie

2.

at.
2¢%5.
100ve,
2v9.
2.

186164,
7636,
1al6.
3387.

36303,
5539.
258.
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TABLE 14
’

IMPACIS FOR | TN EACH PROCESS IN THE GLASS >YSTLM

GLASS CIMESTON  LIME SOUA ASH  SALT SODA ASW FELDSPAR  BLASS POLYSTY
SAND MINING  WFO MINING  MINING HANUF HININS CONTAIN  FOAM
“INING (BRINE) (1] JACKET
INPUTS TO SYSTEMS
NAME UNITS
MATFRIAL wOOO FIBER POUNDS 0,600 0.000 0.000 0.000 0.000 6.000 0.000
MATERIAL LIMESTONE POUNOD 0,000 0.000 000,000 0.000 0.000 2500.000 334.000
MATERIAL IHON ORE POUND 0.000 0.900 0.000 0.000 0,000 0.800 0.000
MATERTAL SALT POUND 0,000 0.000 0.000 0,000 0.000 3300.000 0.000
MATERTAL GLASS SANU POUND 0,000 0.000 0.000 0.000 0.000 0.000 1320,000
HATERIAL NAT SODA ASH POUND 0,000 0.000 0,000 0.000 0.000 0.000 155,000
MATER]AL FELDSPAR POUND 0.000 0.000 0.000 0.000 0,000 0.000 18i.000
MATERIAL BAUKITE ORE POUND 0.000 0.000 0.060 0.000 0.000 0.000 0.008
WATERIAL PROCESS ADO POUNDS 0,000 0,000 0.000 0.000 0,000 9.000 40,000
ENERGY PHOCESS MiL BTU .195 .038 o648 .521 .193 13,318 15,474
ENERGY THANSPOAT mIL BTY .061 .033 L0317 0.000 .02l 0.000 .19
ENERGY OF MATL RESOURCE  MIL ATy 0.000 0.000 0.000 0.000 0.000 0.000 0.000
WATER VOLUME THOU GAL 1.815 .094 .22 1.209 1.00¢ 16,802 1e168
OUTPUTS FROM SYSTENS
NAME UNITS
SOLID WASTES PROCESS PQUND 0.000 0.000 365,000 0,000 0,000 330,000 0,000 45,000 136,000
SOLTD WASTES FUEL COMB  POUND 804 077 6,476 0,000 031 21,998 1 8.317 60,20
SOLID WASTES MINING POUND 3.366 «213 38.541 120,000 071 131,100 4604.00R 21,987 164,023
SOLID WASTE POST-CONSUM  CUBIC FT 0,000 0.000 0,000 0.000 0.000 0.000 0,009 9.000 0.000
ATMOS PARTICULATES POUND .376 13,023 39,382 10,010 .012 37,349 15,484 4,108 13,502
ATMOS NITROGEN OXIDES POUND 1663 .104 3.140 274 Jd2e 9,022 2.244
ATMOS HYDROCARBONS POUND +563 042 2.088 «493 188 2.879 694
ATMOS SULFUR OXIDES POUND .96l .003 8.080 .006 064 34,734 1.068
ATMOS CARBON MONOXIDE POUND 272 09 998 .080 .052 2,819 1,206
ATHOS ALDEMYDES POUND .003 001 +009 .00l .002 4038 017
ATMOS OTHER ORGANICS POUND .007 003 017 .002 .002 .028 .02¢
ATHOS ODOROUS SULFUR POUND 0,000 04000 0,000 0,060 0.000 2.000 0.008 0,000 0.000
ATMOS AMWONTA POUND <000 +000 .000 0,000 +000 7,007 002 +003 0,800
ATMOS HYDROGEN FLOURIDE  POUND 0,000 0.000 0,000 0,000 0,000 0.080 0.000 0.000 0,008
ATHOS LEAD POUND 000 .000 +000 0.000 .000 000 081 «000 0,000
ATMOS MERCURY POUND .000 .000 .000 0,000 .000 .001 008 000 +001
ATMOSPHERIC CHLOR]INE POUND 0,000 0,000 0,000 0,000 0,000 0.000 0.000 0.000 a.00¢
WATERBORNE FLUORIDES POUND 0.000 0.000 0,000 0.000 0.000 6.000 8.080 0,000 0.000
WATERBOANE DI§S SOLIDS POUND J129 020 .2 «09] .042 14819 .39%9 2.718 33.231
wATERBOANE BOD POUND .000 +000 000 0,000 000 .003 4001 002 4403
WATERBORNE PHENOL POUND .000 000 .000 0.000 .000 611 000 .001 00
wATERBORNE SULFIDES POUND 000 .000 1000 0,000 000 .002 £000 <001 <001
WATERBORNE 011 POUND 000 <000 £000 04000 .000 002 +000 +201 l.002
wATERBORNE COD POUND <000 4000 .001 0.000 «000 $013 <004 +007 5.013
WATERRORNE SUSP SOL1DS POUND 1,000 000 .001 0,000 .000 7.008 .002 <004 2,008
VATERBORNE ACID POUND L0486 £004 405 0,000 .001 1.383 «090 o422 3.te2
WATERBORNE METAL TON POUND L0111 «001 101 0.000 .000 o348 .023 .106 .788
WATERBORNE CHEMICALS POUND 0.000 0,000 0.000 0.000 0.000 012 0,000 0.000 0,000
waTERBORNE CYANIDE POUND 0.000 0,000 0.000 0,000 0,000 .002 0.000 0,000 0,000
WATERBORNE ALKALINITY POUND 0,000 0,000 0,000 0,000 0,000 0.000 0,000 0,000 0.000
WATERBORNE CHROMIUM POUND 0,000 0,000 0,000 0,000 0.000 0.000 0,000 0.000 0.000
WATERBORNE [RON POUND n.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0,000
WATERBORNE ALUMINUM POUND 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0,000
wATERBORNE NICKEL BOUND 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000
wATERBORNE MERCURY POUND 0.000 0.0090 0,000 0.000 0,000 0.000 0.000 0.000 0.000
wATERBOWNE LEAD POUNL 0.000 0.000 0,000 0.000 0.000 0.000 0,000 0,000 0.000
SUMMARY OF FNVIRONMEMTAL [MPACTS
NAME UNITS
RAW MATERIALS POUNIS 0.000 0.000 000,000 0,000 0.000 SR09.000 0.000 2000.000 10,000
ENERGY MIL MTY 8t6 070 “.684 h2l W24 13.014 1.327 15,668 116,407
wATER THOU AL TeHln TN . 322 14209 1,004 16aan? 4,547 1,168 17,693
THOUSTRIAL SCOLID waSTES Lugle FTY + 052 004 548004 1.620 00Ul “14197 62.188 1,017 4,803
ATHM EMM]ISSIONS POLIYS 2,R45 13,34~ L™ 10,546 Lohl 93,874 21,509 38,326 398,905
wATERBORIE wACYES POUNS 1 1K7 JUFS L «091 s06% 10,400 L 3.458 45.586

HOST~CONSUMER SOy #ANTE cumee £ v,90y G, 002 n,0uG C¢,000 0,000 6.000 0,004 v, 000 0,000
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INPUTS TO SYSTENS
NaME

MATERIAL
MATERIAL
MATER]AL
MATER[AL
MATERLAL
MATERLAL
MATERIAL
MATESNLAL
MATER]AL

wQ0D FIBER
LIMESTONE
IRON ORE
SaLt

LLASS SANL
NAT SOLA ASH
FELOSPAR
BAURITE ORE
PHOCESS ADOD

ENERGY PrROCESS

ENERGY THANSPORT

ENERGY OF MATL RESOURCE
WATER VOLUME

OUTPUTS FROM SYSTEMS

NAKE

Tasdle

SOLID WASTES PROCESS
SOLID WwASYES FUEL COMB
SOL10 WASTES MINING
SOLID wASYE POST-CONSUM
ATMOS PARTICULATES
ATMOS NITROGEN OXIDES
ATHOS HYDROCARBONS
ATMOS SULFUR OXIDES
ATMOS CARBON MONOXIDE
ATHOS ALUENYDES

AYMOS OTHEK ORGANICS
ATMOS ODOROUS SULFUR
ATMOS AMMONTA

ATHOS HYDROGEN FLOURIOE
ATMGS LEAD

ATHOS MERCURY
ATMOSPHERIC CHLORINE
WATERBORNE FLUORIDES
wATERBORNE O1S8S SOLI10S
WATERBORNE BOO
waTERBORNE PHENOL
waTERBOKNE SULFINES
waTERBORNE OIC
wATERBOKNE COD
wATERBONNE SUSP SOLIDS
WATERAORNE ACID
wATERBOHNE METAL I1ON
whTERBORNE CHEMICALS
WATERHORNE CYAN]IOE
wATERBORNE ALKALINITY
wATERBORNE CHROMIuM
wATERBORNE [HUN
wATERBORNE ALUMINUM
wATERHORNE NICREL
WATERBOWNE MERCURY
wATERROANE LEAD

OF ENV[SONMENTAL [MPACTS

NAME

Haw WAYEW[ALS

[ANX60]

waTf o

INhUsTH el SULTD «asTES
s lw -ni‘\':lllh\‘

WATe vl F WA STES
POST-L v vt SU. wi T

PACKAGE
CORRULG

UNITS
POUNDS 1991,726
POUND 0,000
POUND 0,000
POUND 0,000
PQUND 4,000
POUND V.000
POUND 0.000
POUND 0.000
POUNDS 140,587
MIL BTU 28,641}
MIL 8Ty 3,408
MiL 8Ty 0.000
THOU GAL 29,720

UNITS
POUND 92.611
POUND 127.828
POUND 81,279
CuslIC F1 0.000
POUND $8.930
POUND 204492
POUND 10,423
POUND T77.392
POUND 8.717
POUND 157
POUND 213
POUND 16,16}
POUND 020
POUND 0.000
POUND «00%
POUND 001
POUND 0,000
POUND 0,000
POUND “.977
POUND 40,706
POUND «00e
POUND 005
POUND .005
POQuUNL <062
POUND 19,278
POUND 1,094
POUND 276
POUND 0.000
POUND 0.000
POUND 0,000
POUND 04000
POUND 0.000
POUND 0.000
HOUND 0.000
POUN( 0.000
POUNL 0,000

AR AY
PQUNLS 2132.31%
MIL o -TU 324108
THLU GAL 4,120
“uplc FY “,7)
SN s YicenTl
VOUNTS bbb,
Cunly F1 a.00 "

PACKAGE
BLEACHED
*RAFT

20317,800
0,000
0.000
0.000
¢.000
0.000
0.000
0.000

146,040
39,203
3.962
0,000
82,423

148,690
168,019
107.688
0.000
Te.490
295.814
13.97)
46,267
10.517
195
248
2} .266
027
0.000
006
<001
0.000
0.000
6.709
“9.428
«005
<008
«007

« 056
44,092
1.375
304
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000

2l42.040

L~ (Concluded)

FILLING  FILLING
RETURNAB ONE wAY
BEER BEER
BOTTLE
0,000 0.000
0.000 0.000
0.000 0,000
15,744 Q.000
6.0400 4,000
0.000 0.000
0.000 0.000
0.000 9.008
236 0.000
2,048 683
«000 4.000
0.000 0.000
2,064 1,400
9,977 9.800
1.075 «831
S.T48 2.08)
0,000 9.000
486 315
1.268 480
l1.400 397
1,853 910
285 098
«007 «002
<008 «002
0,000 0.000
+001 «000
0.000 0.000
«000 «000
+000 +000
2062 0,000
Q.000 0.000
442 <119
e.901 «000
000 <000
«Q040 <000
000 «000
002 «001
1.275 +0480
+05% .03
W0lé «009
¢.000 4.000
0,000 0.000
8.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
«000 0,000
«000 0.000
16,979 0,000
FEERLT) LK
2.964 1.084
227 177
“adly 2.18)
6.69 TS
0,000 ¢.0n0

DISPOSAL

0.000
0.000
0.000
0.000
4,000
0,000
0,000
8.000
0,000
0.000

A1
0.008
« 007

0.000
029
0.000
1l.800
012
0124
126
«030
+833
«010
«036
0.000
<000
9.000
002
0,000
0,000
0.000
062
«000
+000
<000
000
.00l
a0
«000
<000
9.000
0,000
0.000
0.000
0.000
0.000
0.000
0,000
0.000

0,000
olle
ua7
<009

1a113
sk
1l.n00

FILLING
RETURN
SOFTY
DRINK

0.000
0.000
0.000
104174
g.0q¢

flle
1.790
6.208
0.000
394
1,059
976
1.602
169
+003
+00S
0,000
000
9.000
.080
.000
J040
0.000
171
+380
+000
,000
.000
.000
760
.093
<023
4,000
0,000
3.800
04000
0.000
0.000
6.9000
.000
.000

10,327
l.008
1.1668

«lovy
“.326
“.229
0.000

FILLING STEEL
ONE waY CLOSURE
SOF T
DRINK
110,734 0.000
0. 008 074.600
0,000 2904.400
0,000 0.000
0,000 8,000
0,000 0.000
De.008 0.000
9.000 4.000
T.871 138,972
3. 152 49,033
(313 « 940
[ ] [] .80}
3,052 8%.482

11.800 017.939
10, 26.827
9.72710821.160
11.01¢ 0.000
LYY L] 59.919
2.78) 19.747
1.806 40,489
3972 42,798
3.068 8.89)

<068 <08

« 108 «108
1,188 2,120

0,080 0,000
0.000 0.000
113 4.106
2.0687 000
.001 +002
.001 2003
.001 1.063
.006 026
2.3%8 5.31%
YY) 9.0846
«037 2.012
6.00¢ <064

118,805 3868,052
3.807 50,440
3,652 S8S.e62

Lele 156,730
la. 167 17Y.061
G.Qus 22729
11,006 ¢.000

SEPARATE
CULLET

0.000
0.000
0.000
0.000
0,000
0,000
o.p00
8.008
0.000
11.584
«259
0.900
«46)

0,000
11,8483
LT3

s =34
43307
4.517
-il,800



Table 12 is a comparison of soft drink containers and Table 13 is the com-
parison of beer containers. This table is the basis for the discussions in
Volume I. Finally, Table 14 shows the results of direct conversion of

raw data contained in the remainder of this chapter into the appropriate
impacts.

The summary section of Table 7 verifies the widely believed
fact that reusable glass beverage containers produce less impact than single
use containers of the same material. This is true even after the additional
weight needed for structural integrity and additional processing and trans-
portation is taken into account for returnable systems. The nonreturnable
system produces more impacts in every category than the 10- or 19-trip
returnables.

Table 8 shows the relative environmental impacts of the component
processes of the one-way bottle system. It is interesting to note that two
processes--paper packaging and glass manufacture--account for most of the
impacts. The glass plant alone leads in three of the seven categories, while
paper packaging leads in two of the others. Energy use is the most serious
impact of the glass plant. Energy use in that one operation makes up 56 percent
of the energy required for the entire bottle system.

Tables 9 and 10 show the importance of component processes for
returnable systems. Table 9 shows that impacts associated with the 5-trip
returnable are concentrated in glass manufacturing and packaging. The
filling step, mainly bottle washing (including heating of the water) contrib-
utes lesser impacts. The filling plant impacts are mainly water pollution
from washing and energy.

For the 19-trip on-premise returnable, Table 10 shows the glass
manufacturing is relatively less important. The filling is more important,
but closure impacts and transportation are also significant sources of
environmental degradation. However, the largest single system impact is
packaging, leading all other subsystems in three categories.

Table 11 summarizes the impacts for plastic coated glass. The
plastic used here is polystyreme, but other plastics have similar profiles.
However, the amount of plastic required in the coating is so small it
contributes only a small percent of the system impact total. Thus, its
advantage lies in the fact that less glass is required for PCG than for a
conventional container.
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Tables 12 and 13 are included here for reference. Table 12 is a
comparison of soft drink containers and Table 13 is a comparison of beer
containers. These tables are quite similar; and Table 13 is discussed in
detail in Volume I. Table 14 converts the raw data found in the remainder
of this chapter to envirommental profiles. This table was discussed in

Section A.

C. Glass Sand Mining

Glass sand is the predominant raw material for glass manufacture.
It comprises 44 percent of the raw materials shown in Figure 1 and is the
source of almost all of the silicon dioxide present in finished container
glass. Silicon dioxide is the major chemical constituent of glass and
amounts to approximately 70 percent by weight of finished container glass.

Glass sand is a high purity quartz sand which usually contains
less than 1 percent of other materials. These stringent purity restrictions
prevent the use of most of the sand available in this country. However,
sizable deposits of glass sand do exist in New Jersey in the form of uncon-
solidated sand banks, and as sandstones found in the Alleghenies and the
Mississippi Valley. 1In addition, there are smaller deposits located in
various sections of the country.

The mining operations chosen depend on the nature of the deposit
at each location. The mining operations range from simply scooping sand
from a pit or bank and loading it into a truck to quarrying hard sandstone
in a fashion similar to the procedures used to extract limestone. In the
latter event, extensive crushing, washing and screening may be necessary.

Data pertaining to the mining of 1 ton of glass sand are shown in
Table 15 along with the source of each number. The resulting impacts may
be found in Summary Table 14. As shown by the composite index in Table 8,
the overall environmental impact of mining sand is small as compared to
other operations considered in glass manufacturing. o
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DATA FOR MINING OF 1 TON GLASS SAND

TABLE 15

Sources

Energy . 84

Coal 0.0058 ton

Distillate 0.31 gal.

Residual 0.11 gal.

Gas 431 cu ft

Gasoline 0.076 gal.

Electricity 13.9 kwhr
Water volume, 1,800 gal. 85
Waterborne wastes

Suspended solids--1 1b 68,73
Transportation

Rail 90 ton-miles 79

Barge 3 ton-miles 81

Truck 27 ton-miles 68

D. Limestone Mining

Limestone is used by the glass industry as a source of calcium
oxide in glass furnace operations. The limestone is heated in the furnace
so that carbon dioxide is released, leaving calcium oxide behind. Calcium
oxides act as a chemical stabilizer in the finished glass product.

Limestone is quarried primarily from open pits. The most economi-
cal method of recovering the stone has been blasting, followed by mechanical
crushing and screening. According to the Bureau of Mines,Z=/environmental
problems plague these crushed stone producers more than any other mineral

industry except sand and gravel. The reason for this is that limestone
typically is mined quite close to the ultimate consumer, which frequently
dictates that the mining operation be near, or even within, heavily populated
areas. Hence, their environmental problems are accentuated by their high
visibility.
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The environmental consequences of limestone mining include: noise
from heavy equipment and from blasting; dust from mining, crushing and screen-
ing; solid residues not properly disposed of; general unsightliness; and oc-
casional contamination of streams. None of these problems is insurmountable
-and many quarries are presently operated in an acceptable fashion.

Data concerning the quantifiable environmental impacts of lime-
stone mining are summarized in Table 16. The impacts are summarized in Table
14. Even though the quarrying operations may be objectionable as a neigh-
borhood problem, they produce relatively small impacts on a tonnage basis.
The major problem is dust (particulates). However, compared to the other
operations in the glass system (Table 8), the impacts of limestone mining
are quite small.

. TABLE 16

DATA FOR MINING OF 1 TON LIMESTOWE

Sources
Energy 84
Coal 0.00012 ton
Distillate 0.16 gal.
Residual 0.013 gal.
Natural gas 9.3 cu ft
Gasoline 0.049 gal.
Electricity 2.0 kwhr
Water volume 91 gal. 85
Process atmospheric
emissions
Particulates 13 1b 52
Transportation
Rail 10 ton-miles 79
Water 26 ton-miles 81
Truck 42 ton-miles 68
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E. Lime Manufacture

Lime is produced by calcining limestone. Limestone (calcium car-
bonate) is heated in a kiln to a high temperature so that any water present
is driven off and the carbonate is brokem up by the evolution of carbon
dioxide. The product remaining is lime (calcium oxide). Significant environ-
mental impacts occur due to fuel combustion and due to material losses. For
1 ton of lime produced approximately 0.8 ton of carbon dioxide is released.
An additional 0.2 ton of material impacts on the environment in the form of
solid waste and as dust (particulate emission). The data are summarized in
Table ;17. The impacts are summarized in Table 14.

TABLE 17

DATA FOR MANUFACTURE OF 1 TON LIME

Sources
Virgin raw materials 4,000 1b 15
Energy 84
Coal 0.090 ton
Distillate 0.17 gal.
Residual 0.76 gal.
Natural Gas 1,670 cu ft
Gasoline 0.067 gal.
Electricity 28 kwhr
Water 270 gal. 85
Solid wastes 365 1b 15,52
Process atmospheric
emissions
Particulates 35 1b 15,52
Transportation 88
Rail 144 ton-miles
Truck 54 ton-miles

The most important impacts of lime manufacture are raw materials
use and air and water pollution. The raw materials are mostly limestone
which is a readily available mineral, so its use does not seriously deplete
reserves. The air pollution problem is mainly particulates which arise
from dust losses, although some arise from coal combustion. The water
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pollution problem is of particular interest because it comes entirely from
acid coal mine drainage. Thus, the water pollution problem is generally be-
yond the control of the lime manufacturer.

Table 8 shows that the lime manufacturing impacts are-a small
percentage of the glass bottle profile.

F. Natural Soda Ash Mining

Soda ash, which is the common name for sodium carbonate, is used
in glass manufacture as a fluxing agent. Under the temperature conditions
of a glass furnace the carbonate is converted to sodium oxide which lowers
the melting and working temperature and decreases the viscosity of the melt.
Sodium oxide is the second most abundant material in finished glass, con-
stituting about 15 percent of the finished glass weight.

Soda ash is obtainable in either its natural form or in a manu-
factured form. This section of the chapter deals with its natural form
which accounts for about 36 percent of the soda ash used by the glass in-

dustry.

The most abundant supply of natural soda ash (trona) is obtained
from three mines near Green River, Wyoming. The crude trona is mined from
beds nearly 1,500 feet below the surface using the room and pillar technique.
The trona is processed and refined at the mine site to produce soda ash.

Detailed information is not available to assess accurately the

energy impacts of trona mining. However, most of the mining techniques have
been borrowed from existing coal mining technology so the energy impacts

of trona mining were estimated by using coal mining data. The dominant
energy use in the refining process is the calcining of bicarbonate to pro-

duce the carbonate. This impact was added to the 'coal mining" impacts to
produce the estimate of energy use for trona mining.

The estimate of the energy uses is summarized in Table 18. The
other data in the table were obtained or estimated from literature sources

concerning trona mining.

Summary Table 8 shows that natural soda ash mining produces
fairly small environmental impacts as compared to the other operations in
glass manufacture. However, the substantially greater use of energy as com-
pared to the other mined minerals leads to higher atmospheric emissions than

experienced by other minerals' mining operations.
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TABLE 18

DATA FOR MINING OF 1 TON NATURAL SODA ASH

Sources

Energy

Natural gas 480 cu ft 68
Water volume 1,200 gal. 85
Mining wastes 120 1b 16
Process atmospheric emission

Particulates . 10 1b 68
Transportation

Rail 650 ton-miles 16,68

G. Soda Ash Manufacture

The principal means of manufacturing soda ash is by the Solvay
process. Figure 3 depicts the overall process flow which combines lime-
stone and salt to produce soda ash. Lime. ammonia and sodium bicarbonate
are important intermediate materials.

Data relating to the impacts associated with producing the concen-
trated brine necessary for soda ash manufacture are shown in Table 19. The
customary method of obtaining brine for Solvay process plants is to pump
"water into a natural underground salt dome and to pump out the concentrated
brine. This procedure produces virtually no waste products except those
due to fuel combustion to supply the necessary energy. Detailed data were
not available to describe the energy requirements of this process so they
were estimated by using census data for rock salt mining which includes many
of the same basic operations as the hydraulic mining method. Impacts associ-
ated with brine production are all quite small as shown in Table 1l4. No sig-
nificant contribution is made to bottle manufacture as shown in Table 8.
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TABLE 19

DATA FOR PRODUCTION OF 1 TON SALT AS BRINE

Source
Energy 84
Electricity 0.85 kwhr
Fuel oil 0.11 gal.
Gas 169 cu ft
Gasoline 0.014 gal.
Water volume 1,000 gal. 68

Overall environmental impacts for manufacture of 1 ton of soda
ash are quite high per ton output when compared to the other operations
in the glass system as shown in Table 14. A basic factor effecting this
is the inefficiency in utilization of raw materials (Table 20). Considerable
quantities of salt which enter the process simply pass on through so that
approximately 0.5 ton of salt must be disposed of as a solid waste for each
ton of soda ash produced. 1In addition, over 1 ton of calcium chloride and
calcium oxide is produced. Even though these materials are sometimes sold,
they usually are simply dumped. Not only do these inefficiencies represent
a solid waste problem but the impacts associated with the various mining
and preparation processes are ''wasted''since they cannot be allocated to co-
products. Thus, soda ash production must carry the full load.

Another important factor affecting the environmental profile of
soda ash manufacture is the use of coal and residual oils as primary sources

of fuel. These give rise to high values for atmospheric emissions.

Table 8 shows that for soda ash manufacture, six impact
categories occur to a significant degree.

H. Feldspar Mining

Feldspar is an aluminum silicate mineral which is used in glass
manufacture to obtain aluminum oxide. This oxide acts as a stabilizer
and improves the stability and durability of the glass microstructure. It
is added in small quantities and generally makes up less than 3 percent of
the total glass weight.
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TABLE 20

DATA FOR MANUFACTURE OF 1 TON SODA ASH BY THE SOLVAY PROCESS

Source
Virgin raw materials 16
Salt 3,300 1b
Limestone 2,500 1b
Other materials 9 1b
(ammonia, sodium
sulfide) '
Energy 16,68
Coal 0.235 ton
Residual 16.7 gal.
Gas 1,200 cu ft
Coke 0.1 ton
Water volume 16,000 gal. 85
Process solid wastes 3,340 1b 16
Process atmospheric
emissions
Ammonia 7 1b 43
Particulates 21 1b 52,68
Waterborne wastes
Suspended solids 7 1b 68
Transportation
Rail 220 ton-miles 80
Barge 116 ton-miles 83
Truck 25 ton-miles 68
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Feldspar is mined in 13 states but North Carolina and California
produce 65 percent of the nation's total. Hence, transportation expenses
to bring feldspar to glass plants may be quite high. Feldspar is mined
primarily by open pit quarry techniques. Usually drilling and blasting are
required although this is not always so.

The data pertaining to the impacts associated with feldspar min-
ing are in Table 21, with the impacts summarized in Summary Table 14. The
dominant impact is the considerable mining waste associated with feldspar
mining. More solid waste is associated with this operation per ton of mat-
erial than any other operation for glass manufacture. Also, there is a
significant amount of air pollution which is primarily dust produced by
mining and crude ore processing.

TABLE 21

DATA FOR MINING OF 1 TON FELDSPAR

Source
Energy 84
Distillate 3.8 gal.
Gas 60 cu ft
Gasoline 0.25 gal.
Electricity 56 kwhr
Water volume 4,500 gal. _786
Mining wastes 4,600 1b 97
Atmospheric emissions 68
Particulates 15 1b
Transportation 68
Rail 500 ton-miles
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I. Glass Container Manufacture

Glass container manufacture is carried out in an integrated plant
where raw materials are delivered and finished containers are shipped out.
The raw materials are melted and refined in a glass furnace before being
fed in a molten state to forming machines. These machines form and cool the
glass container before annealing. After annealing, they are further cooled
and packed for shipment. A considerable amount of glass breakage occurs
inside the plant. This broken glass (cullet) is considered to be a valuable
raw material and is recycled to the glass furnace. Typically, the raw ma-
terial batch will include 15 percent cullet from internal sources.

Glass is a three dimensional random network of silicon and oxygen
atoms with fluxes and stabilizers added. Thus, glass sand (silicon dioxide)
is the primary raw material. Other important materials added include soda
ash, lime or limestone and feldspar. In the glass furnace, soda ash is con-
verted to sodium oxide which serves as a fluxing agent. The fluxing agents
alter melting and working temperatures by decreasing the viscosity. Lime-
stone yields lime (calcium oxide) in the glass furnace. Calcium oxide along
with the aluminum oxide from feldspar are stabilizers and add desirable
characteristics such as chemical durability to the final product. Other
additives are made in small amounts to add color and to change refining
characteristics for other purposes. Data pertaining to glass manufacture
are in Table 22 with the correspoanding impacts in Table 1l4.

Glass container plants are quite clean from an envirommental ef-
fluent point of view as compared to many other types of industrial plants.
This does not mean that glass plants are free of environmental ills, but
the effluents are generally minimal. However, any large industrial plant
may cause considerable local damage to the environment even though its

impact per ton of material is quite low.

Table 8 shows that glass container manufacture produces greater
impact in three of the seven impact categories than the other subsystems
for container systems. Energy use in container manufacture accounts for
56 percent of the total energy category for container manufacture.

The formation of glass requires a considerable amount of heat to
be expended in melting the inorganic chemicals and in sustaining the tem-
peratures at which the necessary chemical reactions and subsequent refining
take place. However, the widespread use of natural gas in glass furnaces
results in quite low atmospheric emissions for this sizable energy expendi-

ture.
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TABLE 22

DATA FOR MANUFACTURE OF 1 TON GLASS CONTAINERS

© Virgin raw materials
Sand

Limestone

Soda ash (natural)
Feldspar

Other

Packaging
Corrugated

Energy
Distillate
Residual
Gas
Gasoline
Electricity

Water
Process solid waste

Process atmospheric
emissions
Particulates

Waterborne wastes
0il

Transportation
Rail
Barge
Truck

Source

68,69,83,97,102
1,320 1b
334 1b
155 1b
151 1b
40 1b

132 1b

83
1.2 gal.
5.5 gal.
10,700 cu ft
0.023 gal.
263 kwhr

870 gal. 83
45 1b 68
43

21b

68,71
0.2 1b

88
50 ton-miles
2 ton-miles
186 ton-miles
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Other important impacts for glass plants are atmospheric emissions
and waterborne wastes. The atmospheric emissions are primarily from fuel
combustion; other emissions are only about 2 pounds of particulates and are
of minor importance. However, in some localities the use of fluorspar in
the glass furnace may give rise to troublesome fluoride emissions. Water-
borne wastes from glass plants result from use of oils on the glass form-
ing line. But the major water pollutant associated with glass plant opera-
tions is the acid coal mine drainage associated with coal consumed as an

energy source.

J. Closures

In order to provide a l2-ounce beer bottle comparable to the 12-
ounce can, it is necessary to consider impacts related to closure manufacture.
The typical closure for a glass beer bottle is a steel crown with a plastic
liner. A typical weight for such a closure is 0.0040 pound. For 1 million
containers, then, it would require 4,000 pounds or 2 tons steel. It was
assumed that the impacts for these closures would be approximated on a ton-
nage basis by the impacts for the manufacture of finished steel cans. The
reader is referred to Chapter 4 for a discussion of these impacts.

K. Plastic Coated Bottles

A recent innovation in glass bottles has been the development of
plastic coated bottles, These coatings, or jackets, have the advantage of
reducing the bruising and breaking of bottles as they strike one another or
other objects and also reduce glass shattering. The environmental profile
of these bottles is somewhat better than conventional one-way bottles be-
cause they can be fabricated with 10 to 20 percent less glass in them. The
reason why less glass is possible is because the break and shatter resis-
tance of the bottle allows lighter weight construction.

Table 23 contains data to calculate the impact of the plastic
jacket. Polystyrene foam is the jacket used on the bottles called '"Plasti-
shield" bottles. However, these data would serve as a good estimate for
the plastic coatings used on other bottles. Table 11 shows, the
amount of plastic required is so small it accounts for very little
of the total profile.

L. Paper Packaging

Paper packaging is used in significant quantities at two points in
the beer bottle system. The first point is at the glass plant where the
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TABLE 23

DATA FOR 1,000 POUNDS POLYSTYRENE FOAM JACKET

Materials
Crude 0il 966 1b.
Natural Gas 316 1b,
Additives 5 1b.
Energy
Natural Gas (internal combustion) 3,800 cu. ft.
Natural Gas (heating) 17,300 cu. ft.
Electricity 981 kuhr
Water 8,300 gal.
Industrial Solid Wastes 68 1b.

Process Atmospheric Emission
Hydrocarbons 77 1b.
Sulfur Oxides 3 1b.

Waterborne Wastes

Dissolved Solids 12 1b.

0il 0.5 1b.

BOD 2.2 1b.

cob 2.5 1b.
Suspended Solids 1.0 1b.

Transportation

Pipeline 131 ton-miles
Barge 125 ton-miles
Truck 210 ton-miles
Rail 624 ton-miles

Source: 47
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bottles are packed in corrugated containers for shipment to the bottling
plant, and the second point is at the bottling plant where the filled con-
tainers are placed into paperboard packages such as '"six pack" carriers.

The corrugated container is fabricated from two strong liners
made of unbleached kraft paperboard with an inner fluted filler of corruga-
ting medium. The corrugating medium can be made of recycled corrugated
containers, or from a combination of types of virgin fibers. It is common
in the glass industry to use a 100 percent virgin container, so we have
based our example of a corrugated container on that premise.

Table 24 contains basic data relating to corrugated container
manufacture. We have assumed that a corrugated container is fabricated
from unbleached kraft linerboard which comprises 69 percent by weight of
the box, and corrugating medium which is the remaining 31 percent. The
corrugating medium is fabricated from fibers derived from two pulp types:
80 percent from NSSC pulp and 20 percent from unbleached kraft pulp.

Table 14 shows that the most serious environmental problem for
the corrugated container manufacture is energy use. However, it should be
noted that 10 million Btu, or 26 percent of this energy is derived from
burning wood fiber. Thus, if only fossil fuels are considered, the energy

problem is not as serious.

A second important impact is air pollution. This is dominated
by the incineration of waste digestion liquors from NSSC pulp mills. This
procedure is rapidly declining because of pollution control regulations, but
is still practiced to some extent.

A third important problem is water pollution, which is
caused by the basic wasteful nature of wood processing. Unacceptable fibers
and other wood components are washed from the pulp and discarded as water

pollutants,

Table 25 contains basic data for bleached paperboard product manu-
The profile as seen on Table 14 is similar to that of corrugated
However, the energy requirements are greater, water pollution is

facture.

bexes.
worse, but air pollution is less.

The air pollution from kraft mills differs from the air pollution
from NSSC mills in that the most notable impact from kraft mills derives from
odorous sulfur compounds. The horrible stench produced by the kraft pulping
process is legendary, and where the odor is uncontrolled it produces a quite

severe local impact.
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TABLE 24

DATA FOR MANUFACTURE OF 1 TON CORRUGATED CONTAINERS

Virgin Raw Materials

Wood fiber (bone dry basis)2/ 1,992 1b

Additives ' 140 1b
Energy 6

Kraft Recovery Furnace 9.4 x 10° Btu

Auxiliary Boiler 16.8 x 10% Btu

Diesel 13.6 gal.

Electricity 320 kwhr
Water 29,400 gal.

Process Solid Waste 134 1b

Process Atmospheric Emissions

Particulates 38 1b
Odorous Sulfur 5 1b
Sulfur Oxides 43 1b

Waterborne Wastes

BOD 41 1b

Suspended Solids 19 1b
Transportation

Rail 602 ton-miles

Truck 296 ton-miles

Water 12 ton-miles

a/ Thirty percent or 598 1b is derived from chips and wood residues.

Source:

48
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TABLE 25

DATA FOR MANUFACTURE OF 1 TON BLEACHED KRAFT PAPERBOARD CARRIERS

Virgin Raw Materials

Wood Fiber (bone dry basis)Z’ 2,040 1b

Additives 140 1b
Energy

Kraft recovery furnace ' 12.4 x 106 Btu

Auxiliary boiler 16.8 x 10° Btu

Diesel 13.8 gal.

Electricity 320 kwhr
Water 51,600 gal.
Process Solid Waste 134 1b

Process Atmospheric Emissions
Particulates 38 1b
Odorous sulfur 7 1b

Waterborne Wastes

BOD 50 1b

Suspended Solids 44 1b
Transportation .

Rail 644 ton-miles

Barge 12 ton-miles

Truck 308 ton-miles

a/ Thirty percent or 612 1b is derived from chips and wood residues.
Source: 48
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Table 8 shows that the total paper packaging systems produce
quite important impacts compared to the other operations.

M. Bottle Filling

New bottles enter the filling plant and are placed on high speed
automated lines which clean, fill, close, pasteurize and package the bottles.
The bottles are rinsed with clean water which need not be heated and moved
along the line by electric motors. The only step requiring significant
amounts of fuel is the pasteurizing step, thus the overall impacts of this
step are not large compared to other steps.

Of interest is the fact that the corrugated shipping cartons in
which the bottles are received are saved and used for shipping the filled
bottles. Thus, the only new packaging required is for the six pack carriers.

Table 26 contains data relating to beer filling plants reporting
for one-way and returnable bottles. A distinction is made between on-premise
and off-premise returnable beer bottles in regards the packaging requirements.
The on-premise bottle is boxed in a closed corrugated carton which lasts
approximately three trips. However, the off-premise carton requires a six
pack carrier as well as a corrugated carton. We have assumed here that the
5-RET off-premise package only makes one trip, but the packaging could serve
for multiple trips if returned to the same brewer.

Significant differences exist between one-way and returnable bot-
tle impacts at the filling plant for several reasons. The most important
are those associated with the returnable bottle. They are the energy
necessary to heat the washing water, the use of caustic washing compounds,
and the resulting water pollution. However, it is customary to use the
waste caustic solution to neutralize the acid brewery wastes. Thus, the
alkaline water pollutants are converted to wastewater treatment sludges and
become part of the solid wastes burden.

In addition to the data related to beer bottles, -additional data
are included here for soft drink bottles. Up to the filling plant, the beer
and soft drink bottles utilize the same type of manufacturing operations.
This results from the fact that soft drink bottles are made from the same
type of glass but differ in weight and style from beer bottles.

Table 27 summarizes the data for soft drink bottles. Both one-way

and returnable bottles are included. The data for beer and soft drinks are
quite similar, although differing somewhat in most categories.
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TABLE 26

DATA FOR FILLING AND DELIVERY OF 1 MILLION 12-OUNCE BEER BOTTLES

Materials
Paper packaging
One way

On-premise returnable

Off-premise returnable
(one trip packaging)

Cleaning agents
Sodium Hydroxide

Energy
One way
Coal
Residual
Natural gas
Electricity
Returnable
Coal
Residual
Natural gas
Electricity
Water
One way
Returnable

Industrial Solid Wastes

Waterborne Wastes
Returnable
BOD
Suspended solids

Transportation
One way
Rail
Truck
Returnable
Rail
Truck
Source: 68

58,000
27,000

78,000
34,000

3,000

1
150
60,000
2,000

1
570

225,000
2,000

300,000
400,000

2,000

1,000
260

50,000
40,000

100,000
40,000

86

(bleached kraft)
(corrugated
container)
(corrugated container)
(bleached kraft)

1b

1b
1b

1b

ton
gal.
cu ft
kwhr

ton
gal.
cu ft
kwhr

gal.
gal,

1b

1b
1b

ton-miles
ton-miles

ton-miles
ton-miles




TABLE 27

DATA FOR FILLING AND DELIVERY OF 1 MILLION 16-OUNCE SOFT DRINK BOTTLES

Materials
Paper packaging
One way 28,600 1b (bleached kraft)
Returnable 14,600 1b (bleached kraft)
Cleaning agents
Sodium Hydroxide 2,500 1b
Energy
One way
Natural gas 123,000 cu ft
Electricity 12,200 kwhr
Returnable
Natural gas 184,000 cu ft
Electricity 13,300 kwhr
Water
One way 200,000 gal.
Returnable 300,000 gal.
Industrial Solid Wastes 1,000 1b
Waterborne Wastes
Returnable
Alkalinity 1,000 1b
BOD 100 1b
Suspended solids 200 1b
Transportation
One way Gasoline 110 gal. diesel
500 gal. gasoline
Returnable Gasoline 220 gal. diesel

780 gal. gasoline

Source: 48
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N. Solid Waste Disposal

The primary environmental impacts associated with solid waste dis-
posal depends on the type of disposal taking place. Most of the solid waste
stream in this country is disposed of on land. We will assume that 91 per-
cent of solid waste is landfilled (or dumped) with the remaining 9 percent
being incinerated. Recovery of materials from the post-consumer solid waste
stream is practiced on a fairly small scale nationwide, so no recovery is

included our disposal model.

Transportation is an important factor in disposal impacts. We have
assumed a 20 mile average travel distance per load of refuse in a 20 yard
compactor truck. Assuming that the truck efficiency is 5 miles per gallon
of gasoline, and that the waste is compacted to 500 pounds per cubic yard, the
fuel usage is 0.8 gallons gasoline per ton waste.

For the 9 percent of the "average'" ton of solid waste incinerated,
some air pollution results. However, the total pounds of pollutants gener-
ated by the 180 pounds (0.09 x 2,000 1b = 180 1b) of waste incinerated for
each ton collected results in a total of 3.8 pounds of air pollution. The only
significant contributor is carbon monoxide at 3.2 pounds. The remaining 0.6 pounds
is distributed approximately equally among particulates,* sulfur oxides,
hydrocarbons, nitrogen oxides and hydrogen chloride. However, we assume that
inert materials such as glass and metals are essentially nonparticipants in
the incineration process and are disposed of on land.

Table 28 contains the data from which impacts were calculated.
Included are the volumes that solid waste occupies in a landfill. These
numbers were derived by determining the theoretical densities of the mat-
erials. In actual fact, an unbroken bottle or an uncollapsed can often finds
its way into landfills (or dumps). However, no data are available on
typical behavior of the various containers in typical landfill operations.
However, the important factor here is that some measure of relative volume
of the various containers can be established and thus provide some estimate.
Although data are lacking concerning all of the containers, it is our opinion
that the volume occupied by the plastic container may be underestimated more
than for the other containers. It is less likely that the plastic bottles
will either compress like a can or break (or split) like a bottle than the
conventional containers., On the other hand, the aluminum can will probably
collapse and compress quite readily so that its relative volume may be over-

estimated here,

Table 8 shows the impacts due to disposal are small.

+ It is assumed that a 95 percent efficient precipitator is in place.
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TABLE 28

DATA FOR DISPOSAL OF 1 TON SOLID WASTE

Source

Energy

Gasoline 0.8 gal. 68
Solid Waste Volume v 68

Steel 4 cu ft/ton

Glass and aluminum 12 cu ft/ton

Paper and plastica/ 33 cu ft/ton
Process Atmospheric EmissionsP/ 52

(for combustible materials)

Carbon monoxide 3.2 1b

Other 0.6 1b

a/ This assumes that for 1 ton, there is 36 cu ft, but 9 percent

is incinerated.
b/ For 180 pounds, or 9 percent of the waste. Nine percent is

incinerated.

0. Nonreturnable and Returnable Glass Containers

At this point, the calculation of the environmental impacts of
the glass container is straightforward. The material flow diagram (Table
6) indicates the amount of each material needed for the manufacture of
1 ton of glass containers. Summary Table 8 shows the results of performing
the impact calculations for each of the materials needed in glass container

manufacture.

For purposes of comparison, the above calculations may be converted
to the basis of 1 million containers. Current data show that a typical one-
way 12-ounce beer bottle weighs 0.41 pound. A spot check was made by weigh-
ing recently purchased bottles which verifies this weight. Thus, 1 million
containers weigh 410,000 pounds or 205 tons. The impacts of 205 tons of
glass containers are readily calculated. The impacts of 2 tons of steel
closures need to be added as shown in Summary Table 8.

89



The impacts that should be attributed to the returnable glass
bottle require close inspection. Current datab?,68/ indicate that 12-
ounce returnable beer bottles weigh about 0.61 pound per bottle (305 tons
per million containers), or 50 percent more than the corresponding one-way
bottle. 1In addition, in order to make the calculations comparable to the
other container systems studied, all impacts must be considered including
those which are incurred in preparing the returned container for refilling.
Thus, we must consider transportation of the container from the retail
site back to the bottler as well as impacts associated with cleaning the used

bottle before refilling,

Of considerable importance in calculating impacts relating to re-
turnable bottles is the number of times each bottle is reused, or "trippage."
At present, the trippage experienced by on-premise returnable beer bottles
is 19,§Z&9§/ That is, on the average, each bottle is used 19 times. However,
it is our opinion that the current returnable beer bottle is not comparable
to the other container systems studied here. The usage of on-premise return-
able beer bottles is by commercial customers such as taverns, as opposed to
the personal take-home use experienced by other containers. An analogy can
be drawn with the soft drink industry which experiences national average
trippage of 1591L§§J which includes vending machine as well as supermarket
and other take-home configurations. However, some soft drink industry
spokesmen indicate that the actual trippage rate may be closer to 10 for the
supermarket take~home package. One beer industry spokesman indicates that
beer packages may experience even fewer trips in the supermarket configuration.
Perhaps five trips or less would be experienced. It should be noted that
good data concerning trip rates do not exist and the trippage actually
achieved is quite difficult to determine accurately. Table 29 and Figure 4
contain the basic data for returnable bottle calculations.

TABLE 29

DATA FOR RETURNABLE GLASS CONTAINERS USED TO DELIVER
1 MILLION 12-OUNCE UNITS OF BEER

Glass Manufacture 305 tons + N
(where N = trippage)

(Other requirements on Table 6).

Source: 68
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P. Glass Recycling

Waste glass (known as cullet) is a valuable commodity to the glass
industry. It is useful in glass furnaces to promote proper melting of the
raw materials and is generally conceded to aid in the superior formation of
glass. At the present time, most cullet is primarily an industrial scrap.
Most of the cullet used is generated and recycled within the same glass plant,
although glass container filling plants also routinely collect and sell their

broken glass.

Several solid waste separation schemes are presently used on ex-
perimental, or pilot-plant basis to separate cullet from municipal solid
waste streams. This has the advantage of reducing solid waste volume as
well as providing a commodity of value to the glass industry.

Table 30 contains data pertinent to the operation of a hypothetical
scaled up plant similar to the wet separation pilot plant designed by Black-
Clawson Corporation. The pilot plant is in Franklin, Ohio.

TABLE 30-

DATA FOR SEPARATION OF 1 TON GLASS CULLET
FROM MUNICIPAL SOLID WASTE

Energy
Residual oil 0.042 gal.
Electric 400 kwhr
Natural gas 8 cu ft
Postconsumer Solid Waste -2,000 1b
Transportation
Truck 100 ton-miles

Source: 66,68
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CHAPTER III

ABS BOTTLE

This chapter contains the basic data and outlines the calculations
made to determine the total envirommental profile for ABS beer bottles.
Three container options were studied: nonreturnable bottles, bottles made
from 100 percent recycled resin, and 10-trip returnable bottles. A steel
closure was used with each option.

Figure 5 shows a flow diagram for manufacturing the ABS bottle,
Crude oil and natural gas are the principal raw materials required. Acrylo-
nitrile, polybutadiene and styrene react to form the ABS resin. In the
recycle option, the raw materials are the used, nonrefillable ABS bottle
(which is cut up, melted, and processed to form other bottles), and the
steel closure. The returnable bottle requires only cleaning materials
and steel closures for raw materials. '

This chapter discusses the ABS bottle systems in the following
sequence.

Overview

Crude 0il Production
Benzene Manufacture
Natural Gas Production
Natural Gas Processing
Ethylene Manufacture

1,3 Butadiene Manufacture
Ammonia Manufacture
Acrylonitrile Manufacture
J. Styrene Manufacture

K. Polybutadiene Manufacture
L. ABS Resin Manufacture

M. Bottle Fabrication

N. Container Options

3

H DO MED O P>

A, Overview

This section contains the computer generated tables which summarize
the environmental impacts of the ABS beer bottle. Table 31 shows the impacts
for 1 million containers of each option. Table 32 shows the impacts
that each subprocess contributes to the nonreturnable ABS bottle system.
Table 33 contains the impacts for 1,000 pounds of each process in the
ABS system.
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TABLE 31

IMPACTS FOR | MILLION ABS BOTTLES FOR THREE OPTIGNS

ONE WAY ONE wWAY HYPOTHET
100 PCT 10 TRIP
RECYCLE RETURNAB
INPUTS TO SYSTEMS
NAME UNITS
MATERIAL WOOD FIBER POUNDS 77267, 61134, 29308.
MATERIAL LIMESTONE POUND 1649, 1649, 1649,
MATERIAL IRON ORE POUND 5808, 5809, 5809.
MATERIAL SALT POUND 0. 0. 3213,
MATERIAL SLASS SAND POUND 0. 0. 0.
MATERIAL NAT SODA ASH POUND 0. 0. 0.
MATERIAL FELOSPAR POUND 0. 0. 0.
MATERIAL BAUXITE ORE POUND 0. g. 0.
MATERIAL PROCESS ADO POUNDS 7861, 5028, 2710,
ENERGY PROCESS MIL BTU 3131, 2uls. 1160,
ENERGY TRANSPORTY MIL 8Ty 88s, 212, 355,
ENERGY OF MATL RESOURCE MIL B8TU 1921. 1. 289,
WATER VOLUME THOU GAL 3909, 2204, 1233,
OUTPUTS FROM SYSTEMS
NAME UNITS
SOLID WASTES PRQLESS POUND 9154, 9069, 5078,
SOLID WASTES FUEL COMB® POUND 8739, 6935, 2567,
SOLID WASTES MINING POUND 32153, 29559, 24582.
SOLID WASTE POST-~CONSUM  CUBIC FT 2536, 1078. 1684,
ATMOS PARTICULATES POUND 3459, 2799, 1194,
ATMOS NITROGEN OX]DES POUND 5721, 1701. 1728.
ATMOS HYDROCARBONS POUND 5261. 892, 1389,
ATMOS SULFUR OX1DES POUND a718. 3253, 2049,
ATMOS CARBON MONOXIOE POUND 2463, 98a, 108S.
ATMOS ALDEHYDES POUND 2S. 12. 1a.
ATMOS OTHER ORGANICS POUND 93, 67, 58.
* ATMOS ODOROUS SULFUR POUND 773, 642, 242,
ATHOS AMMONIA POUND 52. 12. 18.
ATMOS MYDROGEN FLOURIDE  POUND 0. 0. 0.
ATNOS LEAD POUND 2. le 1.
ATMOS MERCURY POUND 0. 0. 0.
ATMOSPHERIC CHLORINE POUND O 0. 13.
wATERBORNE FLUORIDES POUND 0. 0. .
WATERAORNE OISS SOLIDS POUND 1071, 313. 38e.
WATERBORNE 80D POUND 2202, 1491, 1658,
WATERBORNE PHENOL POUND Q. 0. 0.
WATERBORNE SULFIDES POUND i. 0. 0.
WATERBORNE OIL POUND 124, 2. 21.
WATERBORNE COD POUND 994, 19. 151.
WATERBORNE SUSP SOLIDS POUND 1793, 1350. 601,
wATERBORNE ACID POUND 201, 155. 65,
WATERBORNE METAL [ON POUND 50, 39. 16,
wATERBORNE CHEMICALS POUND 9, 0. i.
wATERRORNE CYANIDE POUND 0. 0. 0.
WATERBORNE ALKALINITY POUND 0. . 0.
WATERBORNE CHKOMIUM POUND 0. 0. 0.
WATERBORNE IRON POUND l. 0. 0.
WATERBORNE ALUMINUM POUND 1. 0. 0.
WATERBORNE NICrEL POUND le 0. 0.
wATERBORNE MERCURY POUND 0. 0. 0.
WATERBORNE LEAD POUND 0. 0. 0.
SUMMARY OF ENVIRONMENTAL IMPACTS
NAME UNITS
wAN MATERIALS POUNDS 92586. 73620. 42689,
ENERGY MIL 8TU 5936, 2229. 180s,
WATER THOU GAL 3909, 2204, 1233,
INDUSTHIAL SOLID wASTES  CUBIC FT 676. 615. 435,
ATM EMMISSIONS POUNDS 22567, 10362, TT71.
WATERBORNE WASTES POUNDS 6449, 3370. 2901,
POST-CONSUMER SOL wASTE  CUBIC FY 2536. 1078. 1684,
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INPUTS TO SYSTimS

. NAME

MATEMLAL
MATERTAL
MATERIAL
NATERIAL
MATERIAL
MATERTAL

w000 FiIdEN
LIMESTONE
IRON ORE
SALY

GLASS SAND
NaT 5004 aSw

MATERIAL FRLUSPAR

MATERIAL
BATERIAL

BAURITE OrE
PROCESS ADD

LNERGY PROCESS
ENERGY TRANSPURT
INERSY OF NWATL RESOURCE

WATER

voLust

OUTPUTS FRON SYSTEMS
NAnE

SoL 1D
SOL 1D
0L 10
SOL 10
ATHOS
ATHOS
ATNOS
ATnOS
ATnOS
ATHOS
ATHOS
aATHOS
ATROS
N ATnOS
ATROS
ATHOS

WASTES PROCESS
WASTES FPUEL COMB
WASTES ®INING
WASTE POST<CONSUM
PARTICULATES
NITWOLEN OXJDES
HYDROCARBONS
SULFUR OXIDES
CARBON MONOXIDE
ALDEHYDES

OTHER ORGANICS
00OROUS SULFUR
ANNON

1a
NYOROSEIN FLOUR]DE
LEAD
NEACURY

ATROSPHERIC CHL ORINE
WATEROOANE FLUORIDES
WATERSORWE D18S SOLIDS
WAYERQOANE BOD
VATERGORNE PHENOL

WATERDORNE
WA TERSORNE

SULFIDES
ol

wATERBOANE COU

VATERSORNE
WATERGORNE
wATERBORNE
wAYERBORNE
wATERBORNE
WATERROANE

SUSP SOLIDS
AClO

WETAL 1ON
CrEmICaLS
CYANIDE
ALKALINITY

WATERBOANE CHROMIUN

VATERGORNE
VATERSORNE

1RON
ALURINUN

WATERGORNE NICKEL
WATERGORMNE NEACURY

wATENGONNE

LEad

SAUIBIARY OF CNVINONNENTAL [NPACTS
ant

RAN NATERNIALS

EnERSY

wAtER

INDUSTRIAL SOLID waASTES
ATH ENRISSIONS
WATERSONNE waSTES
POST-CONSURER SOL wASTE

UNLTY

POUNDS
POUND
POUND
POUND
POUND
POUND
POUND
FOUND
POUNDS
ML 8Ty
ML BTy
MIL 8Ty
THOU GAL

UNTTS

POUND
POQUND
POUND
cuBIC FY
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUNL

UnlYs

POUNDS
NIL 8Ty
THOU 8aL
custc Y
POUNDS
POUNDS
cuelc rY

CRuLE
vt
PRIV
107 LA

<201
1,946
+008

1.18)
9.000

BENZENE
LIL
Tus |

0.000
0.000
9.000
8.000
0.000
0.000
0.000
0.000
«320
2 T4
0.000
0,000
849

520
o738
sbey
»009
2,098
olbn
*. 000

NaTuHaL NATURAL
Gas GAS

PRHUD PRUCESS

954 LR vah LB
G.000 s.000
0.000 G.000
0,000 0.000
0,000 9.000
0.000 0.000
0.000 0.000
0,000 0.000
0.000 o.000
0.000 8.000
060 <802
«398 0,000
21,339 0.000
037 - .27

6.000 o.000
el 1y 802
037 278
000 002
13.13 18,08}
3.01) 2L}
0.000 0,000

ACTS

OLEFINS
N

L]
T06 b

0.000
0.000

el
Setle
Al
«ul%
Iv. 387
9.3k
@.000

TABLE 32

Yoy

BUTADIFN
MAN

122 LB

INE-WAY ABS CON RS
AMMON]A ACRYLO STYRENE
MAN AN L]
21T L Tel LB 127 s

3.80%
591
a.000
0.000
10,911

+609
1,638
4.45)
0.000

«J06

«602
3.58

.27

0.000

078
«001
+001
0.000

«%e0

Y. 808

31 590
.51 1,651

«090 «00u
8,137 1.88%
T.812 1,828
v.00¢0 1.000

POLY 8D
MAN
120 L8

ADS ABS 485 STEEL FILLING  paCKateE  OISPOOa..
WESTN soTTLE CONT SYS CLOSURE  SOYTLES

AN Fa® TRANS naN 1000 8

" L 31 Ly 1000 LD 49 L

«99)
18,481
$8.328

13,027
4.39
1.93

11114

(3

21
16.132
512
«i20
0.900

3.936

12.22¢

0.000 95.502 0.000

« 306 $.536 6.682 4.7e2 1.248 1.722
05 2.8 2,385 243 1.369 3.739
000 a7 942 013 3.022 X171
Se413 20,297 3,510 31.5%8 s,021 $.09%
« 160 ‘682 1.5k 2.10% 56} st le
0.000 0.000 g.000 0.000 0.000 e.008
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TABLE 33

IMPACTS FOR 1,000 POUMDS OF EACH FROCESS FOR ARS CONTAIMERS

' CHUOE SENZENE NATURAL * NATURAL ETMYLENE BUTADIEN ANNMONIA ACRYLO STYRENE POLY 8D ARS ADS ARS
(318 MAN GAS SAS A HAN naN NAN NAN Man RESIN S0TTLE RECYCLE
PRUY PROD PROCESS MAN (4 1]

INPUTS TO SrSTENS

NANE unlTS

MATERJAL wOOD FIBEN POUNDS 9.000

“aTENIAL LIMESTONE POUND 0.000

MATERIAL 1WUN ORE POUND 0.000

MATERIAL SALY POUND 0.000

MATEMTAL GLLASS SAND POUND 0.000

MATEWIAL NAY SOUA aS™ POUND 0.000 .

MATEWIAL FELUSPAR POUND 9,000 0.000

MATERTAL HAULITE ORE POUND 0,000 0,000

MATERTAL PWOCESS ADD POUNDS 0.000 26.000

ENERGY PROUCESY> niL ATy «850 7.006

ENERGY TRanAPOKY ’ MiL Wty 8.000 0.000

ENERGY OF MATL RESQURCE »IL BYU 0.000 0.000 0.000

WATEM VOLUME THOU GAL »294 4,659 3,009

QUTPUTS FROM SYSTEMS

NAE UNTTS

- SOLID WASTES PHOCESS POUND °600 1.000 0,000 0,000 1,000 740 YY) 800 1.000 +100 1.100 1.000 11.000
SOLID wASTES FUEL COMB POUND 211 1.504 «130 +000 1.842 6,600 «338 2.149 o921 0.000 0.932 19,433 1.168
SOLID wWASTES MINING POUND «530 .09 318 109 S.016 17.974 <920 $.852 2.508 0.000 18.077 32.91 3.118
SOLID WwASTE POST-CONSUM  CUBIC FY 0.000 0.000 0,000 0,000 0.000 0.000 f.000 0.000 0.000 0.000 0.000 8.000 . 0.000
ATMOS PARTICULATES POUND .082 794 «038 #011 436 l1.600 19 +455 294 «049 1.820 4.116 Y
ATmMOS NITRUGEN OXJULES POUND 308 3,980 2,192 4.90) 33.002 4,900 2.243 o791 3. 020 1,330 4.908 7.15) «42]
ATMOS MYDROCARBONS POUND 1.53% 9.478 10,648 11.408 11.83) 6.730 $.059 4,708 9,938 43.39) 7.337 «les
ATMOS SULFUR OXIDES POUND +306 .,878 210 <047 1,799 6,222 <360 2,809 917 028 6512 1.07}
ATHOS CANBON MONOXIDE POUND <210 .0813 «692 l.312 8.70% <838 75 +090 o626 «289

ATHOS ALOEWYDES POUND «008 «083 «004 «000 «004 «013 «008 «001 «010 008 <009

ATMOS OTHER ORGANICS POUND <006 «081 «006 «000 «009 027 #019 ,002 o026 012 <018

ATMOS O0DOROUS SULFUR POUND 0,000 0,000 0,000 0.000 0,000 0.000 6.000 0,000 0.000 0,000 0.000

ATHOS AMMON]A POUND «000 «0060 «000 0,000 $.000 0.000 2.208 0.000 0.000 0.000 0.000

ATMOS WYDROGEM FLOUSIDE  POUND 0.000 .000 0.000 0.000 .000 0.000 9.008 0,000 0.008 0.000 8.000

ATHMOS LEAD POUND .000 0.000 «000 0.000 0.000 0.000 0.000 0,000 0.000 0,000 0.000

ATY0S MERCURY POUND «000 «000 +000 «000 «000 «000 «000 «000 +000 $,000 «000

ATMOSPHERIC CHLORINE POUND 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 $.000

WATERBORNE FLUDRILES POUND 0,000 0.000 6.000 8,000 6.000 8.000 0.000 0,000 0,000 0,000 a.000

wATERBORNE DISS SOLIDS POUND 11,0458 1.170 3.99) o187 1.26) «vSS o712 +043 911 443 «718 391
WATERBORNE 80D POUND +000 <035 .000 »000 2,000 <750 <080 3.000 2.930 410 +600 00}
wATERBORNE PHENOL POUND «000 .010 «000 000 000 «000 +000 «000 «000 0.000 =000 +«000
WATERBORNE SULFLDES POUND .000 +013 «000 «0200 +200 «000 +008 000 «000 0,000 <000 000
wATERBORNE O1L POUND «000 «020 «000 <000 1.800 «050 -0%0 « 0RO «a70 <070 «080 «001
WATERBORNE COUL POUND «000 120 «000 <000 5.200 J.291 230 6,200 7.090 <830 2.481 006
WATERBORNE SUSP SOLIDS POUND * .000 .070 .000 <000 2.900 <201 «080 «A00 24930 1.250 «531 003
WATERBORNE ACID POUND «010 078 « 000 002 «096 «Jbs 018 112 o048 0.000 362 1.01s
WATERRORNE METAL [ON YOUND «003 «020 002 <001 026 . 086 004 #0208 «012 0.000 «090 +2%)
WATERBORNE CHEMICALS POUND 0,000 0.000 0.000 0.000 0.000 0.000 *500 0,000 0,000 0.000 0.000 0,000
WATFHUORNE CYANIDF POUND 0.000 0.000 0,000 0.000 0.000 0.000 0.000 . 001 0,000 0.000 «001 0.000
WATERAORNE ALNKALINITY POUND 0,000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000
WATERBORNE CHROMIuM POUND 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 «002 0.000
WATERAORNE JRON POUND 0.000 0,000 0.000 0,000 0.000 0.000 0.000 0,000 0,000 0,000 <016 0,000
WATERBORNE ALUMINUM POUND 0,000 0,000 0,000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 «016 0.000
WATFRBORNE NICREL POUND V.000 0.000 0,000 0,000 0,000 0.000 0.000 0,000 0.000 0.000 =008 0.000
wATERBORNE MERCUNY POUND 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000
wATEZHBORNE LEAD POUND 0,000 0,000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 e.000 9.000

SUMNARY OF ENVIHONWENTAL 1WPACTS
NAME UNLTS
) 200 20.000 4,500 5.000 7400 32.800 12.800 0.000 5,000

Aaw MATER]ALS POUNDS “1‘.::2 ‘;.::: ?2.222 o:::: e oo ol R34 5ea13 20830 « 796 Too2e ‘ele
veren b ehL a7m « 316 1039 .20 1,326 0659 Boes 131z ilaz 3.312 2.9¢8 2.508 106
4 . .l0n 0362 .023 BRI oOn .0 «36) «990. .206
INDUSTRIAL SOLID WaSTES  CUkIC FY W01 089 .oo: " ::f .5 ;" s0notn nli et e was .5 108 21 263 330130 250
o Tehnonnt. oas N Touse ,‘IJ;:; 13'331 150 13.2he Sen78 lole  l0o2e> 140341 3.093 s4.907 1,067 2998
;;;sn:g:;z“::s:;: easTE :3:’:25” 1‘1’:‘0‘00 o 000 o000 0.000 0.000 0.000 0,000 _ 0.000  0.000 V000 0.000 0.000 0.000




For the ABS bottle we will use glass bottle filling and distri-
bution numbers. The disposal data will also be based on the glass system

data in Chapter IT.

The ABS resin manufacture described in this chapter is a hypo-
thetical case. The quantities of materials used are estimates. The actual
materials balance used in industry is proprietary. Our purpose in choosing
the ABS system, with estimated values, is to present a typical plastics
manufacturing process, which hopefully will approximate the impacts of
various barrier bottle manufacturing processes.

Figure 5 shows a flow diagram for manufacturing 1,000 pounds of
the ABS system. The values represent pounds of materials required from
each process. 1In the computer generated tables, crude oil and natural gas
quantities have been counted as their energy equivalent rather than as
pounds of raw materials. The raw materials listed in the tables refer to

additives such as catalysts, material packaging, etc.

B. Crude Qil Production

In drilling a well, a petroleum engineer must select a location
compatible with property boundaries and reservoir engineering analyses.
Provisions must be made for fuel and water supplies, and mud pits for storage
of drilling muds and settling of cuttings from used muds.

More than 80 percent of modern wells and all deep wells are drilled
by the rotary process. In this process, a bit is turned at the bottom of
the hole. Drilling mud is pumped through the drill pipe to cool the bit and
flush drill cuttings to the surface. The mud also provides pressure to pre-
vent collapse of the sides of the hole before casing is inserted, and it
must be heavy enough to block the flow of gas, oil and brine into the drill
hole to prevent expensive and dangerous eruptions from the well.3

After drilling to an intrusion area, the hole is protected by
inserting a casing. The casing is normally protected by pumping cement through
it, and permitting the cement to rise along the outside of the casing toward
the ground surface. In some instances, the casing must be set prior to
completion of the well. This occurs when the normal hydrostatic pressure
of 0.465 psi per foot of depth is exceeded. Proper setting of the casing
is mandatory to prevent sloughing off around the casing in high pressure
zones. If the hydrocarbons and brine were allowed to work their way along
the outside of the casing, pollution of an upper zone could occur, and result
in contamination of a water supply or the surface of the ground at the

point where the pollutants break through.
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Upon completion of the well construction, production can begin.
0il pools produce primarily under four mechanisms: gas expansion, gas-
cap drive, water drive, and gravity drainage. The rates at which the hy-
drocarbon fluids can be withdrawn from a reservoir depend on the number of
wells draining the reservoir, the average thickness of the formation, and
the permeability of the reservoir rock for these fluids. Secondary methods
such as acid treatment, miscible .displacement, addition of surface active
agents, and in-situ combustion, can improve recovery efficiency.

Once production is started, the products are transported mainly
by pipelines to oil field tank batteries or refinery storage vessels. Pre-
liminary treatment involves separation of hydrocarbons from brine and settle-
able solids. The hydrocarbons are then processed by a gas plant or refinery.

Detailed information is scarce concerning the ways in which drill-
ing fluids, drilling muds, well cuttings, and well treatment chemicals may
contribute to pollution. Studies have been made about well blowout and
communication between fresh water aquifers and oil bearing sands. Several
publications are available about oil field brine. disposal by subsurface
injection.36/

The data below list the approximate amounts of acids used in the
U.S. in 1 year for oil and gas well treatment.gg

ACIDS USED FOR WELL TREATMENT

Acid Gal/yr Gal/BBL Crude Produced
Hydrochloric . 8.7 x 107 2.2 x 1072
Formic 2.0 x 108 5.2 x 1072
Acetic 1.0 x 109 2.6 x 10°

Also approximately 30 x 10° pounds of inhibitor and 37 x 10° pounds of
additives are used per year in well treatment. The total domestic crude
production in 1971 was 3,296,612,000 barrels.23/ The quantity of inhibitors
per barrel of crude was 9.0 x 1074 pounds, the quantity of additives, 11.2

x 1074 pounds per barrel. Since these products are injected into the sub-
surface reservoir, the amount of pollution to fresh water aquifers is
probably very small. The drilling muds used prior to production are usually
expensive and therefore merit special handling to prevent excessive losses.
However, most spent muds are left in open slush pits to permit evaporation
of liquids. Most pits are earth filled when evaporation is complete. Some
remain in limited service to contain the effluents from well servicing.
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Several sources of pollution resulting from oil field operations

are:

1. Well blowout - resulting in surface and subsurface contami-

nation.

2. Dumping of oil based drilling muds, o0il soaked cuttings and
treatment chemicals.

3. Crude oil escape from pipeline leaks, overflow of storage
vessels and rupture of storage and transport vessels.

4, Discharge of bottom sediment from storage vessels.

5. Subsurface disposal of brine into a formation which would
permit migration of the brine into area which could result in pollution
of fresh water or contribute toward other natural disasters.

6. Escape of natural gas containing hydrogen sulfide could
pollute fresh water supplies and local atmosphere.

A significant waste product resulting from oil and gas production
is brine. The amount of brine produced can vary from zero to 95 percent
of production. It is estimated by the American Petroleum Institute that
2.5 barrels cf brine per barrel of oil is typical. However, 90 percent
of this is disposed of in some acceptable manner such as subsurface dis-
posal, or evaporation. The remainder is allowed to contaminate surface or

subsurface fresh water streams.

Since 25 percent by weight of the average production from an oil
well is natural gas, 75 percent of the total brine production was allocated

to oil production.

The process loss pollutants are evaporated hydrocarbons, and were

estimated from data obtained from the Los Angeles County Air Pollution Control

District.ég/

See Table 34 for environmental impacts related to crude oil pro-
duction. Note that the crude oil has been counted as its energy equivalent
rather than pounds of raw materials. The resource energy accounts for
98.9 percent of the total energy for production of 1,000 pounds of crude

oil.
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TABLE 34

DATA FOR PRODUCTION OF 1,000 POUNDS OF CRUDE OIL

Energy of Material Resource 18.0 million Btu

Raw Materials
Material process additions 1.88 1b
(chemicals 0.29, cement 1.0, muds 0.59)

Energy
Electric 6.34 kwhr
Fuel oil mobile source 0.36 gal.
Gasoline mobile source 0.08 gal.
Natural gas internal 40.0 cu ft

combustion
Water Volume 72.0 gal.
Solid Wastes 0.60 1b

Process Atmospheric Emissions
Hydrocarbons 1.4 1b

Waterborne Wastes

Dissolved solids 11.0 1b
Transportation

Barge 28.0 ton-miles

Truck 10.0 ton-miles

Pipeline 110.0 ton-miles
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C. Benzene Manufacture

Figure 6 shows an outline for processes typical of refinery
treatment of crude oil.l0/ The o0il enters the refinery and passes' through
an initial purification step where water soluble salts and some "heavies"
are removed. It then is sent to a distillation unit where the components
of the crude are separated according to their boiling points. The light
gases go overhead to a gas processing plant or serve as process fuels. The
other cuts are routed to hydrotreating, cracking, reformer, or other units
to undergo the desired transformations.

The benzene needed for styrene manufacture can be produced in a
refinery. With reference to Figure 7, the steps for obtaining benzene
are: crude distillation, catalytic reforming, and aromatics separation.
The toluene from the separation unit can be dealkylated to produce more
benzene.Z/ Table 35 lists the environmental impacts for production of 1,000
pounds of benzene. Crude oil is the virgin raw material. A material loss
of about 3 percent occurs between the point the crude enters the plant and
benzene storage.ﬁl/ Much of the loss, such as C0, and water vapor, is
not accounted for in the impact analysis since they are not considered to
be critical pollutants. The BOD and COD tests do not reflect the benzene
concentration in the wastewater effluent. The 5-day BOD for pure benzene
is zero.33/ The solubility of benzene in water is around 0.08 percent.
Instrumental methods such as gas chromatography or total organic carbon
analysis could be used to determine the amount of organics, when the stan-

dard methods are limited in their analytical scope.

D. Natural Gas Production

The basic data for natural gas were taken from the 1967 Census
of Mineral Industries.§ﬁ/ The data pertaining to natural gas production
are presented in Table 36. The quantity of production necessary to achieve
1,000 pounds of product gas is counted as its energy equivalent, rather than
as pounds of raw materials. Therefore the energy requirement is large but
97.6 percent of this quantity represents the energy equivalent of the natural
gas. Another large impact is atmospheric emissions of hydroc¢arbons,

mainly methane.
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TABLE 35

DATA FOR MANUFACTURE OF 1,000 POUNDS OF BENZENE

Sources
Raw Materials 68
Catalyst 5.0 1b
Energy 47
Electric 49.0 kwhr
Natural gas 6,000.0 cu ft
Water Volume 4,200 gal. 47
Process Solid Wastes 1.0 1b 68
Process Atmospheric Emissions 47,70
Particulates 0.35 1b
Hydrocarbons 3.10 1b
Sulfur oxides 3.40 1b
Aldehydes 0.05 1b
Other organics 0.05 1b
Ammonia 0.06 1b
Waterborne Wastes 21,51,71
BOD 0.035 1b
‘COD 0.120 1b
0il 0.020 1b
Suspended solids 0.070 1b
Sulfides 0.013 1b
Phenols 0.0097 1b
Transportation
Pipeline 3 ton-miles 68
Barge 12 ton-miles
Truck 15 ton-miles
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TABLE 36

DATA FOR PRODUCTION OF 1,000 POUNDS OF NATURAL GAS

Sources

Energy of Material Resource 22,391 million Btui/ 9
Energy A 47

Electric 3.8 kwhr

Fuel o0il mobile source 0.28 gal.

Gasoline mobile source 0.08 gal.

Natural gas internal 330.0 cu ft

combustion

Water Volume 29.0 gal. 47
Process Atmospheric Emissions . 40,44

Hydrocarbons 10.0 1b
Waterborne Wastes 47

Dissolved solids 3.9

a/ (1,000 1b N¢ & 0.046 —Lb_Y x 1,030 Bt = 22,391 million Btu
‘ cu ft cu ft

E. Natural Gas Processing

Light straight chain hydrocarbons are normal products of a gas
processing plant. The plant uses compression, refrigeration and oil absorp-
tion to extract these products.-’ Heavy hydrocarbons are removed first.

The remaining components are extracted and kept under controlled conditionms,
until transported in high pressure pipelines, in insulated railcars or in
barges. The primary nonsalable residues coming from the natural gas stream
are volatile hydrocarbons leaking into the atmosphere.

Table 37 contains a summary of processing impacts. The large
natural gas fueled compressor engines use 92 percent of the process energy
attributed to the whole industry, and contribute 80 percent of the air
pollution. Table 33 shows that atmospheric emissions are quite large.
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TABLE 37

DATA FOR PROCESSING 1,000 POUNDS OF NATURAL GAS

Sources
Energy 47
Electric 1.3 kwhr
Natural gas 769.0 cu ft
Water Volume 280.0 gal, 47
Process Atmospheric Emissions 40,44
Hydrocarbons 10.0 1b
Transportation 47
Rail 42 ton-miles
Truck 14 ton-miles
Barge 14 ton-miles
Pipeline 70 ton-miles

F. Ethylene Manufacture

Ethylene is produced by cracking natural gas liquids, and petro-
leum feedstocks and as a refinery coproduct, Figure 8 shows a typical ethy-
lene plant flow diagram. The feedstock enters the reactors along with steam
to lessen coke formation. The cracked gases are quenched with water and
compressed. Carbon dioxide, acetylene and water are removed. The clean dry
hydrocarbons are sent to fractionation columns to separate ethylene from
by-products and uncracked feedstock.

Data for the environmental impacts of ethylene (olefin) production
are presented in Table 38. Most of the energy used in the process is for
running large compressors. The water volume used is typical for dehydrogenation
and cracking units. Solid wastes from the process are negligible. Process
atmospheric emissions are reported to be around 0.1 percent of throughput.

107



80T

1010 LPG ——=

Steam ——>>

Cracking
Heaters

ETHYLENE MANUFACTURE

‘ | Quench
Tower

&1 Compressors

Acetylene

COy

Removal

Waterborne Organics

Figure 8 - The Manufacture of 1,000 Pounds of Ethylene

FfQC”OﬂOHOn‘—]—O-Qg-p Ethylene
Columns

2 Organics
. Hydrocarbon Gases




TABLE 38

DATA FOR MANUFACTURE OF 1,000 POUNDS OF ETHYLENE

Sources

Raw Materials

Catalysts 0.2 1b 33
Energy 24,47

Electric 60.0 kwhr

Natural gas internal combustion %,950.0 cu ft

Natural gas industrial heat 1,500.0 cu ft
Water Volume 1,200.0 gal. 24,71
Process solid wastes 1.00 1b
Process Atmospheric Emissions 68

Hydrocarbons 1.00 1b
Waterborne wastes 47

BOD 2.0 1b

COD 5.2 1b

0il 1.8 1b

2.9

—
o

Suspended solids

G. 1,3-Butadiene Manufacture

The principal commercial routes to butadiene are dehydrogenation
of n-butane and n-butenes, and as a by-product during the manufacture of
olefins.08/ A typical butane dehydrogenation process is shown in Figure 9.
The butanes feed stream is preheated, and passed through the reactor
catalyst bed to achieve dehydrogenation. The reaction products are quenched
in oil, compressed and scrubbed with absorber oil to remove most of the C's.
The C; mixture is recovered in a stripping column. After further separation,
the remaining butadiene is recovered by extractive distillation with furfural.
The butadiene rerun tower removes polymer, 2-butene, acetylenes, and 1,2-
butadiene. The final product is generally greater than 98.7 percent 1,3 buta-
diene.

The data for environmental impacts are shown in Table 39 with
the resulting impacts in Table 33.
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TABLE 39

DATA FOR MANUFACTURE OF 1,000 POUNDS OF 1,3 BUTADIENE

Sources
Raw Materials 68
Material process additions 26.0 1b
Energy 68
Electric 215.0 kwhr
Natural gas 4,327.0 cu ft
Water Volume 4,545 gal. 68
Process Solid Wastes 0.74 1b 68
Process Atmospheric Emissions 40
Hydrocarbons 1.34 1b
Waterborne Wastes 68,71
BOD 0.75 1b
CcoD 3.29 1b
0il 0.05 1b
Suspended solids 0.20 1b

The electric and natural gas values are averages derived from com-
bining the energy inputs for three separate methods of production. The tabu-
lation below shows the breakdown for each process.éﬁ/ These values have been
adjusted to reflect by-product credit.

Percent Total For
of Total 1,000 1b of Butadiene Adijusted for Percent
Process Production Elec.-kwhr NG-cu ft Elec.-kwhr NG-cu ft
Butanes 30 327 8,656 98.1 2,597
Butenes 47 216 2,684 101.6 1,261
Naphtha 23 67 2,040 15.3 469
Total 215.0 4,327
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For the production of 1,000 pounds of butadiene, the energy requirements

are calculated to be 215 kwhr of electricity and 4,327 cubic feet of natural
gas. This amounts to about 8 million Btu of energy. The large energy re-
quirements for the butanes route is due to the dehydrogenation step.

The process solid wastes were estimated to be 0.1 percent of buta-
diene production. The solids figure would probably be higher if cuprous
ammonium acetate was used to extract butadiene from the C, product stream.

The solids disposal problem would involve copper salts and spent charcoal,
which serves to extract polymers and acetylene compounds from the CAA.
Atmospheric hydrocarbon emissions are estimated to be 0.1 percent of the
starting raw materials.ég/ Waterborne waste data were derived from information
describing pollutants from three separate plants located in Texas.

H. Ammonia Manufacture

Ammonia is a colorless gas with a characteristic odor that is
perceptible at great dilutions. Its boiling point is -33°C. Ammonia weighs
5.14 pounds per gallon at 60°F, or 38.45 pounds per cubic foot at 60°F.

It is prepared on a large scale by direct union of hydrogen and nitrogen:

3H, + N2 = 2NH3 + 22 kcal. The percent yield is controlled by temperature,

pressure and type of catalyst. Satisfactory conditions for reaction are

pressures of 100-200 atmospheres and temperatures of 550°-600°C.Z A
diagram for the production ammonia is presented in Figure 10. Natural gases,
or other light hydrocarbons, are steam reformed over a nickel catalyst imn

a tubular furnace. The hydrocarbons are converted into carbon oxides and
hydrogen (generally referred to as synthesis gas). Carbon monoxide is

" reacted in a shift converter to form carbon dioxide and hydrogen. The
carbon dioxide is removed by an absorber, and generally used in the pro-
duction of urea in an adjacent plant. The absorber off-gas goes through

a methanator to convert traces of carbon oxides which would poison the

synthesis catalyst. The hydrogen and nitrogen combine in the synthesis

loop to form ammonia.

For a typical 1,000 tons per day ammonia plant, 300 gallons of con-
densate per ton of ammonia are produced.éﬁ/ This condensate is either sent
directly to a wastewater drain or processed through a stripping tower. A
typical untreated condensate will contain the following impurities:

Concentration
Impurity (per 300 gal. of condensate)
NH, 0.1 1b
NH,HCO4 0.1 1b
MEA 0.2 1b
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Treatment in a stripping tower should reduce the NH; content to less than
20 parts per million.

The environmental impacts for ammonia production are presented
in Table 40. The raw materials, energy, and water volume figures are
typical for the industry.é§/ Process solid wastes were estimated at 0.1
percent of output.é§/ Primary atmospheric emissions were derived from values
pertaining to plants without controls. It was assumed that controls are
the rule and emissions were reduced by an estimated 90-95 percent.éﬁ
Water effluents from ammonia production contributed the following concen-

trations of pollutants.=

BOD 36 ppm

COoD 166 ppm

0il 40 ppm

Suspended Solids 15 ppm
TABLE 40

DATA FOR MANUFACTURE OF 1,000 POUNDS OF AMMONIA

Sources
Raw Materials 5
Material Process Additions 4.55 1b
(Catalyst 0.4, Caustic 4.0, MEA 0.15)
Energy 68
Electric- 11,0 kwhr
Natural Gas 3,710.0 cu ft
Water Volume 3,000.0 gal, 5,71
Process Solid Wastes 0.44 1b 68
Process Atmospheric Emissions 44,70
Hydrocarbons 2.00 1b
Ammonia 2,20 1b
Waterborne Wastes 68,73
BOD 0.05 1b
COD 0.23 1b
0il 0.05 1b
Suspended Solids 0.05 1b
Ammonia 0.50 1b
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The plant used as a primary data source also produced three other
products. Ammonia production was 38.6 percent of the total output. Emis-
sions from ammonia production were assumed to be 38.6 percent of the quanti-
ties present in the final plant effluent.

I. Acrylonitrile Manufacture

Several methods exist for production of acrylonitrile; these
processes are:lé/

1. Reacting acetylene with hydrogen cyanide.
2. Dehydration of ethylene cyanohydrin.

3. Ammonia--propylene ammoxidation.

4, Ammonia--propane ammoxidation.

5. Nitric acid=--propylene cyanization.

Methods 3, 4, and 5 are the most common commercial processes. The ammonia-
propylene ammoxidation process was used as the data source for acrylonitrile
production, due to its extensive commercial use and the availability of reli-
able data. The reaction follows the equation:

The ammonia-propylene route is shown in Figure 11. Propylene
may be obtained from refinery catalytic cracking operations or as a co-
product in ethylene manufacture. Ammonia is prepared by steam reforming
natural gas.

Excluding steam and air, 1,154 pounds of propylenme and 373 pounds
of ammonia are required to produce 1,000 pounds of acrylonitrile. Also
produced in the process are 50 pounds of hydrogen cyanide, 50 pounds of
acetonitrile, 108 pounds of fuel gas, 100 pounds of recycle propylene, and
237 pounds of waste carbon, carbon gases, and hydrocarbons. The amount of
"useful" by-products is 23 percent of the total useful output of 1,308 pounds.
The following example shows how the materials required to produce the by-
products are deducted from the total materials requirements, leaving 879
pounds of propylene and 285 pounds of ammonia allocated to the production

of 1,000 pounds of acrylonitrile.
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Example:

Acrylonitrile Manufacture

Starting
Plant Output Raw Materials

Acrylonitrile 1,000 Propylene 1,154
Hydrogen cyanide 50 ' Ammonia 373
Acetonitrile 50 | Total 1,527 1b
Fuel 108

Propylene 100

Waste (as carbon) 237

Total 1,545 1b

By-products and wastes represent 35.3 percent of the total output
(}—fﬁg'x 10é> . The materials required to manufacture the by-products--
3
and wastes attributable to them--can be deducted from the starting raw
materials. The waste attributable to the useful by-products equals 23

percent of 237 pounds, or 55 pounds (%—%%% x 237 = 55-15) . Therefore,
?
the deductions are:
Deductions
Hydrogen cyanide 50
Acetonitrile 50
Fuel 108
Propylene 100
Waste (carbon) 55

363 1b

The deductions can be accomplished by proportioning the 363 pounds on the
basis of quantity of starting raw materials:

117



%;%%% x 363 = 275 1b for propylene deduction

363 - 275 = 88 1b for ammonia deduction
leaving:

1,154 - 275 = 879 1b propylene
373 - 88 = 285 1b ammonia

Since the amount of useful by-products is 23 percent of the usable
total output, the requirements for utilities, and allocations for air emis-
sions, and water and solid wastes for acrylonitrile production, can be re-
duced 23 percent. The values appearing in Table 40 have been adjusted to

reflect by-product credit.

Table 41 summarizes the data for the raw impacts attributed
to the production of 1,000 pounds of acrylonitrile. The raw materials
are considered to be ammonia and propylene. The energy values repre-
sent the sum of Btu's from primary and secondary electrical and fuel
gas power used to convert ammonia and propylene into acrylonitrile. The
water volume represents the amount of water discharged in manufacturing.
This figure will vary, depending on the process and location. The process
solid wastes have been estimated at 0.1 percent of output, based on litera-~

ture sources and derived estimates.éﬁ/ The process atmospheric wastes are

baséd on the estimate that about 0.5 percent of the incoming hydrocarbons
are lost to the atmosphere due to leaks, spills, turnarounds, etc.t<
Waterborne wastes refer to pounds of pollutants present in the process
wastewater effluent (not in the water volume required during manufacture).
Under present controls, about 10 percent of the manufacturing water volume
leaves the plant as wastewater. This ratio will vary widely between com-
panies, processes, and locations.2l/ Additional water is lost as a result

of evaporation from cooling towers.

The quantity of BOD, COD, etc., in the wastewater stream is de-
pendent upon the efficiency of the plant waste treatment facility.gazQAQQ/
Generally, waste streams throughout a plant are combined and are treated

as one flow.

The amount of contaminants attributable to each process can be
calculated if complete data are available for each stream entering the treat-
ment facility, and if the treatment efficiency for each stream is known.gl/
Generally, quantitative data for each stream are not available. Most plants
report pollutants as the quantity present in their final effluent. The waste
treatment facility is designed to reduce total plant contaminants to an

acceptable level, State and federal agencies may require that maximum BOD
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TABLE 41

DATA FOR MANUFACTURE OF 1,000 POUNDS OF ACRYLONITRILE

Sources
Raw Materials 68
Material Process Addition 5.0 1b
(Catalyst 1.5, Oxalic Acid 0.5,
Sulfuric Acid 3.5)
Energy 68
Electric 70.0 kwhr ’
Water Volume 13,800.0 gal. 68
Process Solid Wastes 0.8 1b 68
Process Atmospheric Emissions 40,70
Hydrocarbons 4.40 1b
Waterborne Wastes , 68,71
BOD 3.00 1b
COD 6.20 1b
0il 0.08 1b
Suspended Solids 0.80 1b
Cyander 0.0008 1b
Transportation 68
Rail 400 ton-miles
Truck 100 ton-miles
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concentrations not be exceeded. An example is 100 milligrams per liter for
the plant effluent. If the plant produces 10 different products, the amount
of BOD assignable to one of the processes could be allocated on the basis

of percentage input and treatment efficiency. If complete data are not avail-
able, the amount of BOD contributed by each process generally is estimated
from available information. Table 41 shows that water values as well as air
and water pollution are important environmental impacts.

J. Styrene Manufacture

A diagram for styrene production is presented in Figure 12.g§/
Ethylbenzene and steam react in the presence of a catalyst to form styrene,
which is separated from unreacted ethylbenzene, toluene, and polymers by
distillation.

Ethylbenzene is commonly made using a Friedel-Crafts type reaction
between benzene and ethylene with aluminum chloride as the catalyst. Another
catalyst, boron trifluoride-alumina, is also used and results in an overall
yield of ethylbenzene of 99 percent from benzene and 93 percent from ethy-
lene.—

Table 42 gives the raw impacts for producing styrene. The values
are a combination of ethylbenzepe and styrene manufacturing impacts,

The process solid wastes are mostly tars and catalyst residues.
Atmospheric hydrocarbon emissions were estimated to be 0.6 percent of the
raw materials used. Losses occur in leaks, spills, by-product and product
loading, etc. By-product credit can be taken for the amounts of benzene
and toluene recovered from the process.

K. Polybutadiene Manufacture

Polybutadiene may be manufactured according to the diagram in
Figure 13, Butadiene is treated with compounds to remove inhibitors and
oxygen. It is then mixed with a solvent and passed through a drying column
and solid absorbents to remove water and other catalyst consumers. The
purified mixed feed is fed to the reactors, where various terminators, cross-
linking agents, modifiers, and catalysts are added. A typical catalyst used
for solution polymerization is n-butyllithium. The cement or reactor
effluent, is routed to blend tanks where mixing of antioxidants into the
polymer solution is effected. The solvent can be removed by several drying
methods. Data for polybutadiene manufacture are presented in Table 43.
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TABLE 42

DATA FOR MANUFACTURE OF 1,000 POUNDS OF STYRENE

Raw Materials

Catalyst 7.4 1b
Energy )

Electric 30.0 kwhr

Natural gas 4,696.0 cu ft
Water Volume 11,332.0 gal.
Process Solid Wastes 1.0 1b
Process Atmospheric Emissions

Hydrocarbons 5.0 1b
Waterborne Wastes

BOD 2.93 1b

COD 7.09 1b

0il 0.47 1b

Suspended solids 2.93 1b
Transportation

Rail 400 ton-miles

Truck 100 ton-miles
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38

38

38
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40, 70

48, 71

68



XA

Reactors Polymer Solution

1015 Inhibitor, Drvin Modifiers —-—-—{gg
1.3 Bd — Oxygen Co);urr?n Catolyst
Removal -
1.38d, Hexane
Hexane
(25 make-up)
2516 Hexane
-

L Polymer

Scrap 0.1

Anrioxidonr_z_'z.J Blend
en

Tonk —=a= Dryers |— Polybutadiene
onks

1000
1 Hydrocarbon loss
Hexane 41
Recovery

]

Purification

Figure 13 - Manufacture of 1,000 Pounds of Polybutadiene



TABLE 43

DATA FOR MANUFACTURE OF 1,000 POUNDS OF POLYBUTADIENE

Raw Materials
Material process additions
(solvent 25, catalyst 0.5, modifier 5.0,
antioxidant 2.3) 32.8 1b

Energy

Natural gas 2,330.0 cu ft

Water Volume 3,330;0 gal.
Process Solid Wastes 0.10 1b

Process Atmospheric Emissions

Hydrocarbons 41.0 1b
Waterborne Wastes

BOD 0.41 1b

CoD 0.83 1b

0il 0.07 1b

Suspended solids 1.25 1b
Transportation

Rail 400 ton-miles

Truck 100 ton-miles
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The principal contaminant from the process is the hydrocarbon
solvent lost to the atmosphere during polymer drying.

L. ABS Resin Manufacture

ABS resins are thermoplastic mixtures generally made by:§§/

1. Copolymerizing styrene with a copolymer of acrylonitrile
and butadiene.

2. Blending acrylonitrile-butadiene and acrylonitrile-styrene
copolymers.

3. Grafting styrene and acrylonitrile onto a preformed poly-
butadiene matrix.

The ABS resins used for beverage containers usually contain about
75 percent acrylonitrile. The exact formulations are generally proprietary.
In this report, the quantitative values for input materials and energy,
were derived from open literature sources, which describe manufacturing
processes similar to the high nitrile barrier resin. The estimates we have
used should provide a set of data which will be representative of the various
industrial processes used to produce resin for fabrication of barrier bottles.

Figure 14 shows a flow diagram for the manufacture of an ABS resin.
We have chosen acrylonitrile, styrene, and polybutadiene as raw materials.
(The Barex bottle is a copolymer of acrylonitrile and methyl acrylate, while

the Lopac is made from methyacrylonitrile and styrene.)37/
]

The data pertaining to manufacturing are shown in Table 44. The
energy and water volume data were taken from a process which produces an
ABS resin containing 70 percent styrene, 23 percent acrylonitrile and 7
percent polybutadiene.=-/ The values should approximate a process producing

a high nitrile resin.

The solid waste from manufacturing is estimated to be 0.5 percent
of production. Also, incineration is assumed for 80 percent of the wastes,

leaving 1 pound as solid wastes.

The atmospheric hydrocarbon losses are estimated to be 0.3 percent
of the incoming acrylonitrile and styrene.
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TABLE 44

DATA FOR MANUFACTURE OF 1,000 POUNDS OF ABS RESIN

Sources
Raw materials
Material process addition
(catalysts 0.5, additives 11.5) - 12.0 1b 50,68
Packaging materials (polyethylene) 20.0 1b
Energy
Electric 206.0 kwhr 68
Natural gas 2,386.0 cu ft
Water volume 2,841.0 gal. 50, 68
Process solid wastes 1.0 1b 46, 68
Process atmospheric emissions
Hydrocarbons 2.7 1b 40, 70
Waterborne wastes
BOD 0.46 1b 50,68
COD 2.36 1b '
0il 0.02 1b
Suspended solids 0.49 1b
Tot chromium 0.0016 1b
Iron 0.016 1b
Aluminum 0.016 1b
Nickel 0.008 1b
Cyanide 0.0008 1b
Transportation
Rail 125 ton-miles
Truck 125 ton-miles
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Waterborne waste represents the present effluent guidelines set
by EPA in March of 1973. The quantities are in close agreement with pub-
lished data for ABS plant effluents. 50/

M. Bottle Fabrication

The data in Table 45 show the impacts pertaining to fabrication
of 12-ounce bottles from an ABS resin. The energy required in the Yrocess
is the largest impact. The following basic assumptions were made:

1. Basic extrusion line producing 150 1b/hr
2. Electrical requirements - 95 kw
3. Water volume - 1,800 gal.per hour

The requirements for processing 1,000 pounds of resin are: 633 kilowatts and
12,000 gallons of water. The water is assumed to be used five times reducing
the make up requirement to 2,400 gallons per 1,000 pounds. The energy require-
ments will vary with production methods and equipment. Values as low as about
325 kilowatts per 1,000 pounds have been reported.él/

For a description of bottle filling, refer to Chapter IL section
M. The same data used for glass bottles will be used for the ABS bottle.
In like manner, Chapter II, section L discusses bottle packaging, Chapter IV,
section I describes the steel closure, and Chapter II, section N discusses
solids disposal. Impacts for filling, packaging, closures, and solids
disposal have been included in the computer printouts.

TABLE 45

DATA FOR FABRICATION OF 1,000 POUNDS OF ABS BOTTLES

Source

Raw materials

Material packaging (corrugated) 26.0 1b 31
Energy

Electric 633.0 kwhr 31
Water volume 2,400.0 gal. 31
Process solid wastes 1.0 1b 67
Transportation 100 ton-miles 67
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N. Container Options -

The options available to the plastic bottle system are return
and recycle. The impacts for a returnable container should approximate
those for a glass container described in Chapter II.

Table 46 shows the data pertinent to the manufacture of 1,000
pounds of ABS resin from recycled bottles. The data were derived from the
following assumptions:é§/

1. Energy for cleaning and grinding - 50 HP

2. Cleaning compounds - 5 1b

3. Water volume - 100 gal.

TABLE 46

DATA FOR MANUFACTURE OF 1,000 POUNDS OF ABS
RESIN FROM RECYCLE MATERIAL

Source

Raw Materials

Used bottles 1,053 1b 68

Cleaning compounds ‘ 5.0 1b :
Energy

Electric 37.3 kwhr 68
Water Volume 100.0 gal. 68
Process Solid Wastes 11.0 1b | 68
Process Atmospheric Emissions

Particulates 0.2 1b 68
Waterborne Wastes

BOD 0.1 1b

~COD 0.2 1b

Suspended solids 0.2 1b
Transportation

Rail 125 ton-miles 68

Truck 125 ton-miles

The transporﬁation distance was estimated to be 500 miles from consumer
disposal to resin plant. Ninety-five percent of the bottles were assumed

to be usable asrecycle material. Thus, 1,053 pounds of used bottles must
be returned to produce 1,000 pounds of resin. Eighty percent of the off-

spec material is assumed to be incinerated, leaving 11 pounds as solid wastes.
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CHAPTER IV

STEEL CANS

This chapter contains the basic data and outlines the calcula-
tions made to determine the total envirommental profile for steel beverage
cans., Three steel systems were studied. Two of the systems are conven-
tional three-piece steel cans with either aluminum or steel closures.

The third system is a hypothetical three-piece steel can made of recycled

metal,

Figures 15 and 16 outline the operations which are considered
for ferrous strip manufacture. Figure 17 outlines the can fabrication
operations., For conventional steel cans there are four major virgin raw
materials entering the steel strip system as well as manufactured lime and
scrap obtained from outside the steel mill. Thus, counting steel strip
manufacture, can fabrication and solvent manufacture, a total of nine opera-
tions plus intervening transportation are included. For a hypothetical
recycled container, the major material used is postconsumer scrap. Thus,
the only operations differing from the conventional system are solid waste
processing and electric furnace manufacturing operations.

For analysis of these container systems, this chapter is divided
into the following 11 sections. Packaging and disposal basic data are in-
cluded in Chapter II.

A. Overview of Systems

B. Iron Ore Mining

C. Coal Mining

D. Oxygen Manufacture

E. External Scrap Procurement
F. Steel Strip Manufacture

G. Ferrous Can Fabrication

H. Electric Furnace Steel Manufacture
I. Steel Closures for Cans

J. Can Filling

K. Petroleum Products

A. Overview of Systems

On the following pages is a set of tables numbered 47 through 51,
These tables are computer generated reports which provide an overview of
the steel can systems. Table 47 summarizes the relative impacts for 1 mil-
lion, 12-ounce beer cans fabricated from each steel system.
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Figure 15 - Materials Flow for the Manufacture of One Ton of Steel
Strip Using Primarily Virgin Materials (in tons)
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SUMMARY OF MATERIALS REQUIREMENTS FOR STEEL CAN FABRICATION

CET

Packaging Bimetal All Steel
Cylinder Cylinder
Materials Requirements and Aluminum and Steel
for 1-Ton Finished Cans Bottom Closure Bottom Closure
Ferrous Strip
Manufacture Packaging - 1b 50 1.3 48 10
System
Steel Strip - 1b 1,840 -- 1,886 360
Ccn. .
Fabrication Aluminum Sheet - 1b -- 256 -- --
Aluminum
Sheet Coatings and Adhesives
Manufacture . -
System Solvents - 1b 20 10 19 4
(for Closure)
Solids - 1b 14 9 13 3
Solder - 1b 32 -- 30 -
Coatings,
Adhesives, Number of Containers/Ton 18,000 16,700
Solvents

Weight of 1 Million
Containers - Ton 55.4 60.0

Figure 16



€ET

Other Material
(Fluxes, Electrodes,

Plating Metal,
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Figure 17 -~

Materials Flow for the Manufacture of One Ton of Steel Strip
by Melting Scrap in an Electric Furnace (in tons)




TABLE 47

IMPACTS FOR 1 MILLION STEEL CANS

134

. BIMETAL ALL STL ALL
CAN 100 PCT STEEL
RECYCLED CAN
CAN

INPUTS TO SYSTEMS
NANE UNITS
MATERIAL wOOD FIDER POUNDS 2703, 2631, 2928,
MATERIAL LIMESYONE POUND 43021, 10037, 53682,
MATERIAL IRON ORE POUND 139652, 1557, 189060,
MATERIAL SALY POUND 3338, 0. 0.
RATERIAL GLASS SAND POUND 0. 0. 0.
MATERIAL NAT SO0DA ASM POUND O 0. 0,
MATERIAL FELDSPAR POUND 0. 0o 0.
MATERIAL BAUXITE ORE POUND $y232. 0. 0,
MATERIAL PROCESS ADD POUNDS 11491, 5840, 9483,
ENERGY PROCESS niL BTU 4526, 1958, 3379,
ENERGY TRANSPORT »iL BTUY 23S, 380, 188,
ENERGY OF MATL RESOURCE MIL BTV 276. 88, S5,
WATER VOLUME THOU 6AL 31%. 964, 3657,

OUTPUTS FROM SYSTENS
MAME UNITS
SOLID WASTES PROCESS POUND 46459, 28213, 56508,
SOLID WASTES FUEL COMS POUND 5383. 3102, 2088,
SOLID WASTES MINING POUND 594022, . 11833, 692039,
SOLID WASTE POST-CONSUM CUBIC FT 302. 45, 327.
ATMOS PARTICULATES POUND 4825, 2367, 4068,
ATMOS NITROGEN OX1IDES POUND 3215. 2367, 1793,
ATMOS HYDROCARBONS POUND 4229, 3681. 3206.
ATMOS SULFUR OXIDES POUND 6302. 3150. 3176,
ATHMOS CARBON MONOXIDE POUND 1769, 1923, 887,
ATMOS ALDEHYODES POUND i8, 25, 12.
ATMOS OTHER ORGANICS POUND 32. 59. S
ATMOS ODOROUS SULFUR POUND 124, 29. 162,
ATMOS AMMONIA POUND 257. 2. 366,
ATMOS HMYDROGEN FLOURIDE POUND 19. 0. 0.
ATMOS LEAD POUND 1. 3. 0.
ATMOS MERCURY POUND 0. 0. 0.
ATMOSPMERIC CHLORINE POUND 13. 0, Je
WATERBORNE FLUORIDES POUND 82, 0. 0.
WATERBORNE DISS SOLIDS POUND 656, 489, 354,
WATERBORNE 80D POUND 121. 60, Ta.
WATERBORNE PNENOL POUND le 0. 0.
wATERBORNE SULFIJDES POUND le 0. 0.
WATERBORNE OIL POUND 175. 156, T5.
WATERHBORNE COD POUND 718, &, la.
wATERBORNE SUSP SOLIOS POUND 398, 853. 379,
WATERBORNE ACID POUND 669, LT Y. 8 637,
WATERBORNE METAL ION POUND 172, 37. 159.
wATERHORNE CHEMICALS POUND 226, 3, 4,
wWATERBORNE CYANIDE POUND 0. 0. G
WATERBORNE ALKALINITY POUND 0. [' 1S Ge
wATERBORNE CHROMIUM POUND 0. 0. 0,
WATERBORNE IRON POUND 0. 0. Os
WATERBORNE ALUMINUN POUND 0. 0. [N
WATERBORNE NICKEL POUND 0. 0. 0.
WATERBORNE MERCURY POUND Oe Go 0.
WATERBORNE LEAD POUND 0. 0. 0.

SUMMARY OF ENVIRONMENTAL IMPACTS
NAME UNITS
RAw MATERIALS POUNDS 25743, 20066, 2%5153.
ENERGY MIL BTU 5037. 2426, 3e2. .
wATER THOU GAL 3196, 964, 3657,
INDUSTRIAL SOLID wASTES CUBIC FT 8719. 583. 1013e.
ATM EMMISSIONS POUNDS 20804, 13606, 13667,
#ATERBORNE WASTES POUNDS 3221. 208), 1701.
POST~CONSUMER SOL WASTE cuURIC FT 302. 45, 327.



TABLE 48

IMPACTS FOR 1 TOM BIMETAL CANS

I#ON OQRE  LIMESTON COAL LINE oxy EXTEANAL STEEL PETROL 3 PIECE ALUM TRANS DISPOSAL FILLING PAPER PLASTIC

MINING  MINING MINING MFG MFe SCRAP STR1P PROD CAN CLOSURE 2000 LBS PACKABE  PACKASE
1660 LHS 700 LBS 1740 LBS 124 LBS 182 LBS $80 LBS Wre SYS Fad SYS 49 LA 36 LOS
1840 LOS 27 LD 2000 LBS 252 LS
INPUTS TO SYSTEWS
NAME UNITS N
]
MATERIAL wOOD FIBER POUNDS 0.000 0.000 0.000 0,000 0.000 0.000 0,000 0.008 0.600 8. 797
MATERIAL LIMESTONE POUND 0.000 0.000 0,000 248,000 0.000 0.000 0.000 59.3%3 0.008 0.000
MATERIAL IRON OREL POUND 0.000 0.000 0.000 0.000 8.000 0.008 0,000 [ ] [ [J i
MATERJAL SALT POUND 0,000 0.000 0.000 0.000 0,000 0.000 9,000 0.000
MATERIAL GLASS SAND POUND 0.000 0.000 G.000 0.000 0,000 0.000 0,000 0.
MATERIAL NAT SODA ASH POUND 0,000 0.000 0,000 0.000 0,000 0.000 6,000 [}
MATERIAL FELDSPAR POUND 0,000 0.000 0.000 0,000 e.000 0.000 0,000 [
MATERIAL BAUXITE ORE POUND 0.000 0.000 0.000 0.000 9.000 0.000 0.000 0,000
MATERIAL PROCESS ADD POUNDS 0,000 0.000 0.000 0,000 0.000 «082 52,000 «036
ENERGY PROCESS MIL ATU 884 .013 123 288 <380 .2%3 +108 5.419 2,442
ENERGY TRANSPORT WIL BTU o138 $011 «039 .002 «009 0,000 007 0,000 0.000
ENERGY OF MATL RESOURCE  MIL BTU 0,000 0.000 0.000 04000 0.000 0.000 501 0.000 0.000
WATER VOLUME THOU GAL 4,432 <033 044 .020 520 +007 42,612 o134 406 «080
OUTPUTS FROM SYSTEMS
NANE UNLTS
SOLID WASTES PROCESS POUND 0.000 0.000 0,000 22.630 0.000 0,000 644,000 017 50,000 65.519 0.000 0.008 $4.000 2.264 «17
SOLID WASTES FUEL COMB POUND 1.113 .027 +330 »40) 1.166 <37} 12,568 «048 8.38] 65.626 562 .030 2. 019 3.132 1.00
SOLID WASTES MINING POUND 8822,949 074 331,688 2.266 1,187 «970 33.072 <128 22,823 1490.%85 0.000 0.000 9.850 L1991 2.89
SOLID WASTE POST~CONSUM  CUBIC FY 0,000 0.000 0,000 0.000 0,000 0,000 0,000 0.000 0,000 0.000 0.000 8,452 0.000 0,000 0.08
ATHOS PARTICULATES POUND 154379 4.558 3,494 2.442 «251 <084 24,198 022 1.82) 31.619 <357 2013 1,158 1e04s .22
ATMOS NITROGEN OXJDES POUND «851 «036 812 198 527 «206 10.669 .088 40341 30.648 ¢S]
ATMOS MYDROCARBONS POUND 880 «015 677 129 21 .131 9.164 220 21,461 31.68) 1.744
ATMOS SULFUR OXIDES POUND 1.216 <029 2.2%9 «551 1.104 A04 24,580 elat T.061 eT.222 e.007
- ATHOS CARBON MONOKXIDE POUND o281 <033 3.933 062 122 «029 2.388 <028 o653 17.587 4.6131
w ATMOS ALDENWYDES POUND «008 «000 002 $001 002 #001 » 049 2002 »010 391} <110
W ATMOS OTHER ORGANICS POUND <004 «001 +003 .001 004 «001 060 «002 .018 o244 .182
ATMOS ODOROUS SULFUR POUND 0.000 0.000 0,000 0.000 0,000 0.000 1e040 ©.000 6.000 0.000 0.000
ATHOS AMMONIA POUND <000 «000 «000 «000 .000 000 4,605 002 6.080 <000
ATHOS MYDROBEN FLOURIDE  POUND 0.000 0.000 0,000 0,000 0,000 0.00¢ 0.000 0.000 0,000 0.000
ATNOS LEAD POUND «000 «000 «000 »000 008 «000 «001 «000 0.000 007
ATMOS MERCURY POUND L0060 «000 «000 .000 <000 «000 «000 +000 «000 0.000
ATHOSPMERIC CHLORINE POUND 0.000 0,000 0,000 0,000 0.000 0.000 6,000 0.000 0.000 0.000
WATERBORNE FLUORIDES POUND 0,000 0,000 0.000 0,000 0.000 0.000 0.000 0.000 0,000 0,000
WATERBORNE 018§ SOLIDS POUND o172 «007 +025% 026 « 059 «049 2.504 «32% 587 1.202
WATERBORNE 800 POUND «000 «000 »000 «000 +000 «000 2003 «001 000 <003
WATERBORNE PHENOL POUND «000 «000 000 .000 <000 «000 2001 «000 «000 «001
WATERBORNE SULFIDES POUND +000 «000 «000 .000 «000 $000 «002 <000 .000 2001
WATERBORNE OIL POUND +000 «000 .000 .000 .000 « 000 922 .001 «000 $002
WATERBORNE COD POUND «00) «000 <000 .000 <000 «000 «013 «004 <002 «012
WATERBORNE SUSP SOLIDS POUND 2001 .000 000 2000 .000 «000 4,608 «002 2001 +008
WATERBOANE ACID POUND <057 «001 3,497 .025 «060 «019 4,318 «002 437 002
WATERBORNE METAL 10N POUND W0le «000 N «006 «018 «005 1.079 «001 .109 .00l
WATERBORNE CHEMICALS POUND 0,700 0.000 0,000 0.000 0.000 0.000 . 055 0.000 0,000 04000 0,000 0.000 ¢.000 0,00
WATERBORNE CYANIDE POUND 0.000 0.000 0,000 0,000 0.000 0,000 0.000 0.000 0,000 0.000 0,000 0.000 0,000 0.00
WATERBORNE ALKALINITY POUND 04000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0,000 0.000 0,000 0.000 0.000 0.08
WATERBORNE CHROMIUM POUND 04000 0.000 6.000 0.000 0.000 6,000 0.000 0.000 0,000 0.000 0.000 0.000 0,000 0,00
WATERBORNE IRON POUND 04000 0.000 0,000 0,000 0.000 0,000 0.000 0.000 0,000 0.000 0.000 0,000 0.000 0.00
WATERBORNE ALUMINUM POUND g.000 0.000 0,000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 6,000 0.00
WATERBORNE MICKEL POUND 0.000 0.000 0,000 0,000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0,000 0.000 0.0C
wATERBORNE MERCURY POUND 04000 0,000 0,000 04000 0,000 0.000 0.000 0.000 0,000 0.000 0.000 0,000 0.000 0.00
WATERBORNE LEAD POUND 0,000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0,000 0,000 0.00
SUMMARY OF ENVIRONMENTAL IMPACTS
NAME UNITS
RAW MATER[ALS POUNDS 0,000 0,000 0,000 248,000 0,000 0,000 3065.440 052 52,000 1227.66% 0,000 0,000 «036 52,242 1.39
ENERGY MIL oTu 1.022 .025 J163 .290 .5A49 $253 36,239 o613 S.al9 38.7%6 2.488 <121 2.412 .787 1.60
WATER THOU GAL 40432 «033 08b 2020 «520 #007 42.612 +134 eult B8.497 w140 008 050 728 04
INDUSTRIAL SOLID wASTES  CURIC FT 1194125 .001 4,482 0342 . 058 2018 9.310 +003 1,096 21.893 «008 000 .893 «100 «0%
ATHM EMMISSIONS POUNDS 18.388 “.672 11.479 3,360 24330 «857 17.552 +502 42,1066 179,734 13.8hY 1.392 7.852 4,718 6.22
WATERBORNE wASTES POUNDS o245 +009 4,398 $057 135 .073 13.503 <338 1.137 33.730 1.232 <066 -sa7 i.620 o2

POSY~CONSUMER SOL wASTE CUBIC F1 0.000 0.000 0,000 0.000 0.000 0,000 0.000 6,000 G.:00 0.000 9.000 5,452 0.000 9.000 0,00



9¢T

INPUTS TO SYSTENMS

NamfF

MATEWIAL
MATERT AL
MATERI gL
MATEN AL
MATERTAL
MATERIAL
MATERTAL
MATERTAL
MATERTAL

w000 F1BEwW
LIMESTONE
190N ORE
Sapy

GLASS SAND
NAT SOLA ASH
FELDSPAR
BAUXITE OWE
PROCESS ADD

ENERGY PROCESS
ENERGY THANSPORY
ENERGY OF ®ATy, RESOURCE

WATER

VoL umt

OUTPUTS FROM SYSTENS
NARE

SOLID
SOL 1D
soLl1o
soLiD
ATHOS
ATHMOS
ATNOS
ATHOS
ATMOS
ATNOS
ATMOS
ATHOS
ATHOS
AThOS
ATHOS
ATHMOS

WASTES PROCESS
WASTES FUEL coma
WASTES MINING
WASTE POST-CONSUM
PARTICULATES
NITWOGEN OX1DES
HYDROCARBONS
SULFUR OXIDES
CARBON MONOXDE
ALODENYDES

OTHER ORGANICS
0DOKOUS SULFuUR
AMMON] A

MYDROGEN FLOURIDE
LEAD

MERCURY

ATMOSPHERIC CHLORINE
YATERBORNE FLUOKIDES

WATERBORNE
WATERBORNE
RATERBORNE
WATERAORNE
WATERBORNE
WATERBORNE
WATERBOANE
WATERBORNE
WATERBORNE
WATERBOANE
wATERBORNE
WATERBOANE
WATERBORNE
WATERBORNE
WATERBORNE

DISS SOLIDS
H00

PHENOL
SULFLOLS
OlL

cob

SUSP SOL10s
ACID

METAL ION
CHEMICAL >
CYANIDE
ALKALINITY
CHROMI UM
IRON
ALUMINUM

wATERBORNE NICREL

WATERBORNE
WATERBORNE

HMERCURY
LESD

SUMNMARY OF ENVIROMMENTAL 1MPALTS

NAME

Rew maTERTALY

ENE-CY

wATER

INOUSTR WL SOLTID waSTES
ATM LuM'gt ] INS

WATERBC& ©
POST-CONSUME~ 50

wuSTES
whalk

UNITS

POUNDS
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUNDS
»IL #Yu
MIL 8Ty
MIL 8Tu
THOU GAL

UNLTS

POUND
POUND
POUND
CuBIC FT
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
PGUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUND
POUNL/
PCUNU

UNITY

POUN"S
MiL BTU
THOU GA,
CuslC FT
HUUNDS
+#OUNDS
cuntl r T

1RON URE
MINING
1#97 LBS

0.000
0,000
0.000
0,000
9,000
0,000
0,000
0.000
0.000

«596

093
0,000
2,988

0.000
«750
$942,887

0.000
+689
/.985
PUL239
1dednn
sl65
Gelul

CIMESTON
MINING
717 LBS

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.060
0.000

«013

012
0,000

033

0.000
028
076

0.000

4062
<037
«01%
«030
<03
+008
001

0.000
«009

0.000
<000
«000

0.000

0,000
«007
<000
000
«000
+000
4000
« 000
«00)
.000

0000

0.000

0.000

¢.000

0.000

0.000

0.000

0.000

0.000

TABIE 45

IMPACTS TR L Tl ALy STLEL CANS
coaL L ImE OXYGEN
MINING L] LX<

1792 LBS 126 LHS 187 L8S
0.000 0,000 4.000
2.000 2%2.600 0.000
0.000 0.000 0.800
0.000 0.000 0.000
0,000 0,000 0.000
0.000 0,000 8.000
0.00¢ 0,000 #.000
0,000 0,000 9.000
6.000 0.000 e.000
127 +293 992
061 «002 010
0,000 0,000 0.000
« 045 020 531
0.000 22,99% 0.000
<340 «400 1.189
3a1,.512 2,302 3. 227
4.000 0.000 0.000
3.5%98 2.48) 256
<836 198 <538
«697 <132 <328
2.326 «559 1128
4,050 «06) 128
002 «001 «002
003 <901 <004
0,000 0.000 0.000
2000 «000 000
¢.000 4.000 0.000
600 <0800 +000
<000 000 «000
0.000 0,000 0.000
0.000 0.080 0.000
«026 «026 +0060
000 +000 <000
000 «000 «000
+000 «000 «000
«000 000 <000
«000 «000 «000
000 000 «000
3,601 026 062
<900 +006 «015
0,000 0,000 0.000
0,000 0,000 0.000
0,000 0,000 0.000
0.000 0,000 0.000
¢.000 0.000 0.000
0,000 0.000 0.000
0.000 0,000 0.000
¢.000 0,000 0.000
0,000 0,000 0.000
0,000 2%2.000 Q.000
167 295 2502
.45 +020 PEEB
4,615 387 ot
it.512 3.43e 2.341
«.528 + 058 ol3n
.00 [LT 0.000

EXTERNAL
SCRAP
58S LBS

0.000
0.800
0.000
0,000
0.000
0,000
0.000

0
]
0.000
+295
0.000
0.000
007

CLOSURE
360 L8S

0.000
161,046
567.180

0.000

0.000

0.000

[ [

L4
8.769
«108
150
19.76%

158,067
3.73¢
2070.03%

0.000
11,378
4. 240
11.6004
44968
1.087

755.116
9,109
104769
30,130
16.884
4.295
2400

STEEL
STRIP
we

1846 LBS

0.000
480.93¢
2%83.020
0.000
0,000
0.000
0.000
9.000
17,320
36.51¢
+629
04000
43,870

660,100
12,082
33,099

0.000
24.80)
10.93%

9,392
25,194

2,448

+0%0
062

1.880

4,720

0.080

001
+000

0.000

0,000

2,5¢7
«003
«00}
+0a2
+945
W0l

4,724

4,421

l.106

«057

0.000

2,000

0.000

6,000

0.000

0.000

0.000

0.000

142,076
17,145
43,6748
Y543
79,49}
13.841
O,0n0

3 PLECE
CAN FAB
1886 LBS

0.000
0.000
0.000
0.000
0,000
0.000
0.000
0,000
45,038
Sel11l
0,000
0.000
383

47.150
7.903
2]1.%22
0.000
1.717
4409
25.895%
T.413
610
«009
«017
0.000
0.000
0.800
0.000
«000
0.000
9.000
+553
«000
«000
<000
000
002
«Gol
412
«103
0.000
0.000
9.000
0<000
0.000
0,000
0+000
0.000
0.000

47,0348
S.111
«382
1+34
39,753
172

Vel?

TRANS

0.000
0.000
0.000
0.000
0,000
8.000
4.000
0.000
0.008
0,000
1.463
2,900

082

V.000
1.463
082
2004
7.569
JT1A
0,900

DISPOSAL FILLING

2000 L8S

9.000
0,000
0.000
0.000
0.000
0.008
0.000
0080
0.000
0.000

.121
0.000

808

CANS
2080 LOS

$1.000
2.295
9.302
0,000
1.18)
2.508
1.6%1
3,366
1.488

0.000
0,000
0,000
0,000
0,000
0.000
6.000
0,000
0.000

PAPER
PACKAGE
49 L8S

48.797
a.480
0000

PLASTIC
PACKAGE
Je LBS

S2.2¢2
187
o728
=100

4,718
1.626
0.000



LET

TASLE 50

IMPACTS FoR 1 TON 1 o) 4ntCENT RECYCLED ALT STEEL €ad

EATEANAL  OXYOE~ ELECTRIC THREE PC  PETRO CLOSURE FILLING PAPER TRANS NISPOSAL
SERap IRON ORE  FUKNACE CAM FAR  FROD Fagp AND PLAS PACKAGE
1.11 LIME AND STL STWP 1,31 TON SYSM 0.18 TON PACKAGE 45 Lb
ToN LIMESTON 1.2¢ TON 3u Ln
INPUTS TO SYSTEMS
NAME UN1TS
MATERIAL wOOD FIBER POUNDS 0.000 0.000 0.000 0.000 0.000 0.000 0,000 43.857 0.000 0.000
MATERIAL LIMESYONE POUND 0.0060 £2.808 114,608 0.000 0,000 0.000 0,000 0.000 0.000 0,000
MATERIAL 1RON DRE POUND 0.000 06,000 25950 0.000 0.600 a.000 0,000 0,000 f.000 0,000
MATERIAL SALT POUND 0,000 0.000 0e000 0.000 0.000 0.000 0,000 0,000 0.000 0,000
MATERTAL GLASS SAND POUND 0,000 0,000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000
MATERIAL NAT SODA ASH POUND 0,000 0,000 0,000 0.000 0,000 0,000 0,000 0.000 04060 0,000
MATERIAL FELDSPAR POUND 0.000 0.000 0.000 0.000 0,000 0.000 0,000 0.000 0,000 0,000
MATERIAL BAUKITE ORE POUND 0.000 8.000 0.000 0.000 0.000 0.000 0.000 9,000 o.000 0,000
MATERIAL PROCESS ADD POUNDS 6.000 6.000 26,880 57.720 058 9.916 1,392 3.2%9 0,800 0,000
ENERGY PROCESS WNIL BTY 969 «l6e 20,939 6.016 o117 $273 3.03% «854 221 0.000
ENERGY TRANSPORT MIL HTU 04000 4005 0.000 0,000 <008 »002 +480 .086 24932 4003
ENERGY OF MATL RESOURCE  MIL BTV 0.000 0,000 0,000 0.000 +556 <150 159 0,000 0.000 0,000
WATER VOLUME THOU BAL 928 128 14,093 5] LY} + 044 J110 «Tie o178 « 000
QUTPUTS FROM SYSTEMS
NAME UNTTS
SOLID WASTES PROCESS POUND 0,000 4.819 348,320 55,500 019 8.108 Sl.16% 2.070 6.000
SOLID WASTES FUEL COMB POUND 1.619 .290 32,340 94303 .0%3 16l 3.469 «687
SOLID wASTES MINING POUND 3. 112 67.048 86,839 25,33) J142 384 1,841 0.000
SOLID wASTE POST-CONSUM  CUBIC FY 0.000 0,000 0,000 04000 0.000 0,000 0.000 0.000
ATHOS PARTICULATES POUND .323 1.303 32.111 2.021 +024 1038 1,500 .380
ATMOS NITROGEN OX]DES POUND «T08 Yy 16,901 4.819 .098 1.217 452 5.277
ATMOS HYDROCARBONS POUND +501 088 12.182 30.48) 22648 8.513 o216 2.074
ATHOS SULFUR OXIDES POUND 1.547 N3 33,397 8.726 .158 Y « 739 14563
ATMOS CARBON MONOXIDE POUND W12 «040 74454 727 027 <320 203 10.496
ATMOS ALDEHYDES POUND .005 <801 «08} W01l +002 «001 «163
ATMOS OTHER GRGANICS POUND +003 #001 4066 .20 002 «001 410
ATMOS ODOROUS SULFUR POUND 0.000 0.000 0.000 0,000 0.000 04000 0,900
ATMOS ANMONIA POUND «00} «900 +905 0,000 «002 «000 «008
ATMOS WYDROGEN FLOURIDE  POUND 0,000 0,000 0.000 0,000 0.000 0,000 0.000
ATMOS LEAD POUND 2000 .000 .000 0,008 «000 .000 909 «025
ATHOS MERCURY POUND +000 <000 <001 «000 «000 .000 »000 0.000
ATMOSPHERIC CHLORINE POUND 0.000 0,000 0.000 0,000 0.000 0,000 0,000 0.000
WATERBORNE FLUORIDES POUND 0.000 0,000 0,000 0,000 0.000 0.000 0,000 0.000 0,000
WATERBOANE D]SS SOLIOS POUND 188 017 2.080 +851 2361 «13e .108 1.508 «081
VATERDORNE 80D POUND +000 .000 «004 +800 .002 .000 o183 o004 +000
WATERBOANE PHENOL POUND «000 « 000 <001 +000 $ 000 <000 «000 o001 2090
WATERBOANE SULFIOES POUND .000 <000 .002 2000 .001 .000 . 000 <002 «000
WATERBORNE OIL POUND 2000 000 2,490 4000 +001 2000 «000 «002 <000
wATERBORNE CUD POUND 002 .000 W017 002 «005 001 J001 015 «000
WATERBOANE SUSP $0L10S POUND .001 2000 13.694 J001 2003 001 436 «009 «000
WATERBORNE ACID POUND $ 071 «016 6,641 <485 003 007 «023 «00) <000
WATERROARNE METAL ION POUND .018 004 416 v121 «001 <002 +006 «001 «000
WATERBORNE CHEMICALS POUND 0,000 0,000 «050 0,000 0,000 0.000 0,000 0,000 0,000
wATERBORNE CYANIDE POUND 04000 0.000 0,000 0,000 0,000 6.000 0,000 0.000 0.000
WATERBORNE ALKALINITY POUND 0.000 0.000 0,000 0.000 0.000 0.000 0,000 0,000 0,000
WATERBORNE CHROMIUM POUND 0,000 0.000 0,000 0,000 0.000 0.000 0.000 0.000 0.000
wATERBORNE 1RON POUND 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0,600
WATERBORNE ALUMINUM POUND 0,000 0,000 0,000 0,000 0,000 0.000 0,000 0,000 6.000
WATERBORNE NI1CKEL POUND 04000 0.000 0.000 6.000 0,000 0.800 0,000 0,060 0,000
WATERBORNE MERCURY POUND 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000
WATERBOANE LEAL POUND 0,000 0.000 0.000 0.000 0,000 0.000 0.000 o.000 0.000
SUNMARY OF ENVIRONMENTAL IMPACTS
Nang UNTTS
FAW MATLWIALS POUNDS 0.000 52,808 15,278 57.720 «058 9.916 1.3%3 A7.116 0.000 0.000
ENERGY MIL ATy LTY A 20493y 6,016 681 0425 bo243 +743 3154 «003
waTER THOU GAL 025 el 14.093 45} lan «Das 118 PRAKS o175 +000
INDUSTRIAL SOLID wASTES cublC FY NEY W74 6.311 1,217 «003 «117 898 JO9T 009 +000
ATM FMMISSIONS POUNGLS .oty LIS L1Pe 167 “beB0S 557 lue269 16121 36597 21.225 o112
wATERHORNE WaSTLS POUNLS «2K0 U3 264196 1,262 37N {46 l.664 Le 322 1.545 «001

POST-COrSUEW 50U waSTE cuBilc FY 0.000 0.000 t.000 L. 00 0.000 0,900 0,000 YY) 0.000 a2



8ET

INPUTS TO SYSTENS

NAME

MATERTAL wOOD FlBER
MATEWIAL LIMESTONE
MATERIAL IRON ORE
MATERTAL SALY .
MATERTAL GLASS Sany
MATENIAL NAY S00A A5
MATERIAL FELUSPAR
MATERIAL BAUXITE OWE
MATERIAL PROCESS ALU
ENERGY PHOCESS

ENEROGY THANSPURT
ENERGY UF Maly RESOURCE
BATER vOLUME

OUTPUYS FROM SYSTEmMS

NAME

SOLID waSTELS PHOCESS
SOLID WwASTES FUEL COMR
SOLID wASTES WINING
SOLID WwASTF POST-CONSUN
ATMOS PARTICULATES
ATMOS NITROGEN OXiDES
ATMOS HYDROCARBONS
ATMOS SULFUR OKIDES
ATMOS CARRON MONOXIDE
ATMOS ALOEFYLES

ATMOS OTHEF ORGAN]CS
ATHOS OUOROUS SULFUR
ATMOS AMMUNLA

#TMOS HMYDROGEN FLOURIDE
ATMOS LEAD

ATMOS MERCURY
ATHOSPHENIC CHLORINE
WATERBORNE FLUORINES
wATERQORNE 0149 SOL10S
waTERBORNE HOD
waATERBORNE PHENOL
wATERRGRNE SULFIDES
wATERRORNE OJL
wATERBORWE COU
wATERBORNE SUSP SOLTUS
wATENBORNE ACID

ws TERBORNE METAL [ON
wATERHORNE CHERTCALS
WATERHORNE CYaNIDE
wATEHUROKNE ALRALINITY
WATERBORNE CHROMIyM
wATEHRORNE [RON
WATERBOANE ALUMINUM
waTEHBORNE NICKEL
WATERBORNE MWERCURY
WATERBORNE {EAD

SUMMAKY OF ENVIRONMENTAL [MEACTS

LTL

KAw MATERIALS

ENERGY

walh®

INLUSTRIAL SOLLU weSTES
aTM EmminSIONS
wWATERNURNE WASTES
POST =L OHSUMES ST wasTE

1ROt ORE
MINING

UNI TS
POUNDS 0,000
POUND 0.000
POUND 0,000
POUNU 0.000
POUND 0,000
POUND 0,000
POUND 0,000
POUND 0.000
POUNDS 0,000
HIL HTu «T02
MIL Aty «110
ML uTu 0,000
THOU GAL 3,517

UNETS
POUND 0.Q00
POUND +A83
POUND 7002.341
Cunic F71 0.000
POUNY 12,209
POUND 6714
PQUND «539
POUND «965
POUND «199
PQUND 007
POUND « 004
POUND 9,000
POUND +000
POUND 0.000
POUND «000
POUND .000
POUND 0.000
POUND 0.000
PQUND J137
POUND .000
POUND «000
POUND +000
POUND «000
POuUND «001
POUND «000
POUND 2005
POUNO <011
POUND 0,000
POUND 0.000
POUND 8.000
POUND 0.000
POUND 0.000
POUND 0.000
POUND 0.000
POUND 0.000
POUND 6,000

UNTTS
POUNDS v.000
mig 8ty .811
THOU 6AL AP R4
tuBic FY V4 .58
POLNDS la,Gve
POUNL S 1V«
Cuplc +71 €.000

TABLE 1

IMPACTS FOR | TON FACH PROCESS M STEE[ SYSTEMS

coaL
MINING

0.000
0.000
0.000
0.000
0.000
0.000
0.00U
0.000
0.000

cje2

I
0.000

+ 050

0.000
«379
IB1.210
0+000
“ule
+933
« 770
2.597
4.521
002
003
0.000
2000
0,000
«000
+000
0,000
0.000
«029
<000
000

2.000
o lu7
wubo

9168

12eb5.

LERELY

B

QXYuEN
~F

0,900
0.000
0.000
0.600
¥.000
0,000
0.000
0,000
0.000
*e37

«10e
Yv.000
5.710

0.000
12.788
34,694

0.000

2,157

5.788

3.526
12.131

1,340

01y
0o
0.000
«001
0.000
+001
«000
0,900
C.000
«b48
001
« 000
«000
000
«00e
002
«665
« 166

Gl.000

0.000

0.000

0.900

0.000

0.000

0,000

0.000

0.000

0.000
reels
SeT10

shal
PATY Y
Teak?
[GRTY

EXTERNAL
SC~ak

0,000
0.000
0.000
G.000
0,000
t.000
0.000
0.000
0.000

873
0.000
G.000

023

0.000
1.279
Je3ee
0.000
29}
<710
45}
1393
.10}
00
«003
09.000
.00}
0.000
«000
.000
0.000
0.000
<169
<000
000
000
2000
+001
+001
« 064
016
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
6.000

0.000
AT
Ju23
LY

PS8
252

CeIND

STEEL
STRIP

0.000
5i0.000
2740.000
0,000
g.000
0,000
0000
0.000
AZ.000
E.T2)
h87
0.000C
46,314

100,000
13.0061
35.988

0.000
26.302
11.59¢6

9.961
26,717

2.59%

#0853
068

2.000

5,005

0.000

<001
00

0.000

0.000

2.722

2 00e
. 001
002
1.002
015

5,009

4,691

1.173

«060

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

3332.000
39.39)
a6 3in
1.les
24,095
lasbT?

6.000

) PlECE
CAN FAB

%0,.000
8,38]
22.823
0,000
los2l
4,38
27,461
T.861
«655
<010
+OLR
0.000
0,000
0,000
0,000
.00
0.000
0,000
+S587
«000
.000
«000
.000
002
.00l
437
109
0.000
0,000
0,000
0,000
0.000
9,000
0,000
0,000
0,000

92,000
faelé
PN
LIV ¥
“l, 166
1.137
LU NYRY)

ELECTRIC
FURNACE
STEEL
AN

G.000
92.000
20,0060

0.000

0.000

0000

0.000

d.000
26,000
14.832

4,000

Ga00C
11.32¢9

280,000
29996
69.808

0.000
25,8113
13.586

9,793
26,046

$.992
s0al
«053

0.000

+000

0.000

«000
«000

0.000

0,000

2.315%

003
001}
<002

2.002

2013
1l.008
S.339
335
«040
¢.000

0,000

0.000

0.000

G.000

O.000

0.000
0.000

132.¥8e0
16k 37
1leldzy

Dev?)
t2.128
2l.nne

PRY NI

STEEL
CLOSUkE
Fay

0.000
Byé.700
Jisi.000
0.000
0.000
0.000
0.000
J.000
169,367
43,719
le730
83
SrhIL

878,1%1
294748
115004193
0.000
63.19¢
23.382
s].188
36.589
1Ue319
<082

« 096
24300
5.7%9
0.000
«001

+ 800
¢.000
0.000
207
007
+002
.003
1albe
027
S.T66
10,026
2.507
«009
0.000
0.000
0.000
0.000
0.000
B.000
0.000
0.000

“135,087
504544
HY.B30
th?.308
€0w 13
23.680

D

FILLING
MILLION
CANS

04000
0.000
6,000
0,080
0.000
0.000
0,000
0,000
2.000
134,018
éb.45]
9.000
4,299

3000.000
134,988
S47.200

0.000
67.708
167,524
97.128
198,008
87.369
le465
2.939

?.000
160,060
4,299
49,710
£02,397
“b6,008
0,000

PETROL
PROLYCTS
SYSTEn

3.873
45,341
9,495
192
37,158
25.802
9.000



Table 48 summarizes systems for 1 ton of bimetal (CSTL) cans while Table 49
and 50 summarize the all steel and recycled cans. The remaining Table 51,
converts raw data to impacts for 1 ton output of each subsystem. These

raw data are presented in tables within the text of this chapter.

Table 47 provides an overview of the relative eavironmental merits
of the two virgin can systems and one 100 percent recycled system. The
widely used three-piece bimetal can is clearly the most detrimental to the
environment, producing more impacts in six of the seven categories. The
all steel can is the second most desirable can from an enviromnmental point
of view with recycled cans being clearly best, producing the least impact
in six of the seven categories.

Tables 48 through 50 summarize the systems for 1 ton of cans
showing contributions of various component processes. Several observations
can be made by viewing these tables. The most important component accounts
for more energy than the manufacture of the steel for the body and bottom.
"The most important operation for all steel cans is steel strip manufacture,
which accounts for more impacts than the other operations in five of the
seven categories.

Most other subprocesses contribute very little in each system,
but some major processing step, such as steel manufacture or iron ore

mining, is typically the second most abundant source of impacts.

Table 51 shows impacts for 1 ton output of each component process.
These tables convert the raw data given in this chapter into impact parameters.

B. Iron Ore Mining

The basic raw material for steel can manufacture is iron ore.
This material is found for the most part in flat-lying or gently sloping
beds not more than 20 feet thick. Open pit mining accounts for about 90
percent of the iron ore extracted at present, with the remainder being re-
covered from deep vertical shaft mines.

Because of stringent specifications placed on iron ore used in
blast furnaces it is necessary to beneficiate the ore. This requires that
the ore be crushed to minus 4 inches and screened to remove minus 1/4-inch
pieces. The minus 1/4-inch screenings are concentrated into pellets usually
about 3/8 inch to 1/2 inch in diameter by an agglomeration procedure. The
agglomeration procedure may take place at either the mine or the steel mill.
The crushing and screening operations result in generation of particulate
air pollution.
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Data concerning the total environmental profile of iron ore mining
were derived from government data sources. These are summarized in Table 52.
Table 51 is a computer generated table which transforms the data from Table 52,
and similar tables for the other operations, into environmental impacts per
ton of output for that operation. However, tables such as 48 are more
meaningful. That table displays the impacts per ton of finished three-piece
conventional steel cans, so that each operation is put into proper perspective.

TABLE 52

DATA FOR MINING OF 1 TON TRON ORE

Source

Energy 84

Natural gas 360 cu ft

Distillate 0.23 gal,

Residual 0.43 gal.

Electric 28 kwhr
Water Volume 3,500 gal. 85
Mining Wastes 6,500 1b 97
Atmospheric Emissions

Particulates 12 1b 52
Transportation

Rail 83 ton-miles 79

Water 316 ton-miles 81

Observing Table 52 we see that the dominant environmental effect
of mining iron ore is mining wastes. These wastes are quite sizable and
amount to 3.5 tons per ton of marketable ore. This impact is largely one
of aesthetics, blight and land use. The problem is not so much how to dis-
pose properly of the waste, but the mechanics of disposing of so much
waste,
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Currently there is much discussion concerning the adverse affects
of waterborne disposal of taconite tailings. This method of disposal is
alleged to create a serious water pollution problem in Lake Superior. The
magnitude of this problem is staggering, as the ore mine which discharges

its wastes is reported to dump nearly 22 million long tons a year, amounting
to 500 pounds per short ton of the total iron ore mined in this country. The
cessation of this problem would significantly reduce current water pollution
of virgin steel systems. We have assumed that these tailings will be
impoundedin the very near future, and have included them as solid waste
in Table 52.

Table 48 shows that the overall effect of iron ore mining on three-
piece can manufacture is large only with respect to industrial solid wastes.

C. Coal Mining

The environmental consequences of mining coal are inherently more
serious and more difficult to bring under control than those of most mining
industries. As opposed to limestone quarries which are located in highly
visible locations scattered throughout the country, coal mines tend to be
located far from major population regions. Hence, the environmental damage
of mining coal has not been as visible as that due to limestone mining.

Coal mining results in many of the same environmmental detriments
which normally plague limestone mining as well as some which are unique.
Those which are common are the dust and noise associated with mining and
beneficiation; general unsightliness; improperly disposed solid residues
and open surface mines left abandoned in unsatisfactory condition.

In addition, environmmental damage results from coal mining in
the form of: (1) burning coal refuse banks; (2) acid mine drainage; and
(3) mine subsidence. The burning refuse banks are unique to coal mining
and are caused by wasted organic material in mine refuse piles undergoing
spontaneous combustion. These fires may burn for many years and may require
intensive effort over a period of several years to extinguish permanently.
Procedures are now established for proper construction of refuse banks which
prevent spontaneous combustion, but extinguishing existing fires will be a
problem for many years. The air pollution from these fires is included in

Table 53.

Acid mine drainage results primarily from the subsidence of layers
of material above deep coal mines as abandoned tunnels collapse. Invariably
this subsidence ruptures water bearing structures above the mine level and
water eventually fills the mine.
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This water leaches minerals from the structure through which it
moves. The resultant water pollution (shown in Table 53) usually ends up
in the local streams and lakes. This problem grows annually and depends
not on the rate of coal extraction as do most impacts, but on the cumula-
tive total of coal mined. One sourceéé estimates that to treat acid mine
drainage properly to achieve the current water standards of the state of
Pennsylvania would require a minimum expenditure of $40 million per year
in perpetuity, and this assumes that proper mining techniques are adopted
to prevent the problem from growing.

The problem of mine subsidence is important because nearly 5
million acres of land in the U.S. have been undermined by ccal production.
Included in this total on 158,000 acres of urban lands, often present be-
cause of cities whose growth has been stimulated by local coal mining ac-
tivity. Virtually all of this land will sooner or later be affected ad-
versely by mine subsidence. The magnitude of this problem is reflected in
the cost estimates of mine subsidence prevention programs and increased
cost of building foundations in potential subsidence areas. The total of
these two items is over $1 billion, and this amount represents only a small
portion of the total surface damage covered by mine subsidence. Subsidence
can be prevented by proper mining techniques, however.

Table 48 shows that coal mining accounts for only a small percent
of the impacts of the three-piece bimetal can system.

D. Oxygen Manufacture

The steel industry consumes more oxygen than all other industries
combined, using well over one-half of all oxygen produced in this country.
Oxygen is used in a variety of iron- and steel-making operations ranging
from scrap preparation to basic oxygen process (BOP) steel furnaces. The
latter is the most important accounting for 121 billion cubic feet (5
million tons) of oxygen consumption in 1971 which was 58 percent of the
total consumed by the steel industry.

Oxygen is manufactured by cryogenic separation of air. This
technique is essentially one of liquifying air and then collecting the
oxygen by fractionation. The oxygen is produced in the form of a liquid
which boils at 300°F below zero at normal atmospheric pressure so that it
must be kept under stringent conditions of temperature and pressure for
handling. Most oxygen plants are located quite close to their point of
consumﬁtion to minimize transportation difficulties although there is a
small amount of long distance hauling in insulated rail cars.

The environmental data for oxygen manufacture are listed in
Table 54. The impacts are in Table 51. The most important impact is
energy use. Those of air and water pollution are entirely due to fuel
combustion. ’
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Energy
Coal
Distillate
Residual
Natural gas
Gasoline
Electricity

Water Volume
Process

Mining Wastes

Atmospheric Emissions
Carbon monoxide
Sulfur oxide
Hydrocarbons
Nitrogen oxide
Particulates

Waterborne Wastes
Sul furic acid
Iron

Transportation
Rail
Water
Truck

TABLE 53

DATA FOR MINING OF 1 TON COAL

0.0010 ton
0.22 gal.
0.025 gal.
3.7 cu ft
0.042. gal.
10 kwhr

46 gal.

380 1b

196 ton-miles
30 ton-miles
4 ton-miles
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84

85
65

41

42

52

65
65,68

79

82
68,97



TABLE 54

DATA FOR MANUFACTURE OF 1 TON OXYGEN

Source

Energy

Distillate oil 0.21 gal. 83

Residual o0il 0.61 gal.

Natural gas 1,528 cu ft

Gasoline 0.49 gal.

Electricity 415 kwhr
Water 5,600 gal. 83
Transportation

Rail 54 ton-miles 87

Truck 13 ton-miles

E. External Scrap Procurement

The recycling of metallic scrap back into iron and steel furnaces
has long been an economically viable means of utilizing ferrous waste mate-
rials. For instance, one-half of the metallic input to steel furnaces in
1969 was in the form of scrap. Much of the scrap recovered is generated
within the mills themselves and the impacts associated with their recovery
are included with normal iron and steel mill operations. However, sub-
stantial quantities of scrap are transported to iron and steel mills from
external sources (including other mills at different sites). 1In 1971 this
amounted to 2.6 million tons for blast furnace use and 26.8 million tons

for use in steel furnaces.

The only environmental damage resulting from scrap procurement
is related to energy use for preparing, loading and transporting the scrap.
Positive effects of scrap usage on the environmment include the displacement
of virgin materials (and their related envirommental effects) in iron and
steel manufacture; and alleviation of solid waste disposal problems by di-
verting scrap from municipal solid waste streams. At the present time, a
rapidly growing but still very small percent of scrap used is derived from

municipal waste streams.
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The environmental impacts of scrap recovery are not well docu-
mented, but they are small as compared to virgin raw material procurement.
Table 55 contains data from one installation which magnetically separates
ferrous scrap from mixed urban refuse. These data are quite close to MRI
estimates of conventional scrap recovery and processing from industrial
sources. These data were applied to the recycle options recovering
scrap from mixed refuse.

Tables 51 and 48 show the impacts are quite small

TABLE 55

DATA PERTAINING TO THE PROCUREMENT OF 1 TON SCRAP
(By Magnetic Separation of Mixed Municipal Wastes)

Energy
Electricity 40 kwhr
Natural gas 190 cu ft
Distillate 1.4 gal.
Transportation
Rail 130 ton-miles
Truck 2 ton-miles
Barge " 20 ton-miles

Source: 68

F. Steel Strip Manufacture

The manufacture of steel strip suitable for can fabrication can
be considered to consist of three separate steps: (1) pig iron production,
(2) steel production, and (3) rolling and plating. These processes form
the basic manufacturing step of converting iron ore into steel and are re-
sponsible for most of the environmental impact attributed to can manufacture.

Enormous amounts of energy are required to manufacture steel from
raw materials. This energy is primarily supplied by coal which is first
coked and then mixed with the raw materials. The energy is consumed in the
blast and steel furnaces where the iron ore is converted at high temperatures

145



to iron alloys in a series of chemical reactions with coke, fluxing agents
and other materials. The raw steel is then worked into steel strip and is
plated with tin or chromium for shipment to can fabricators.

Table 56 shows that iron ore is the leading material input to the
steel system. 1In this study we are considering impacts on resources of
the world, sc that depletion of iron ore in foreign countries is included.
Thus, 0.90 ton of domestic and 0.47 imported iron ore per tomn steel produced
was included in the calculations.

Solid wastes in the form of discarded metallics are generated in
each step. Most of these materials are recycled directly on-site and,
therefore, are not materials which need to be disposed. However, signifi-
cant solid wastes which require disposal do appear from three sources: (1)
fuel combustion residues; (2) wastewater treatment sludges; and (3) slags
from iron and steel furnaces. These are listed in Table 56.

For many years a very serious air pollution problém existed for
the steel industry from the use of beehive ovens to convert coal into coke,
The air pollution problem resulted because approximately 25 percent of the
coal was converted to airborne materials which were not subject to any
pollution controls.61/ Hence, for every ton of coal input to the plant
there were 500 pounds of coal dust, ammonia, odorous sulfides and a variety
of other materials emitted into the air. Today, almost all of the beehive
ovens have been abandoned in favor of chemical by-product ovens which cap-
ture almost all of the effluent for recycling purposes or for conversion to
by-products. Other pollution controls to reduce dust and fume emissions
from the agglomerating, furnace and finishing areas have also been imple-
mented so that air pollution, although still a problem, is less serious than

it was in previous years.

The extent of present air pollution is revealed in Table 51.
Air pollution is second only to energy im importance as an impact. Another
serious environmental problem facing the steel industry is water pollution.
Waterborne wastes are generated in every subprocess of iron and steel
manufacture., These wastes are primarily suspended solids, oils, waste
acids, waste plating solutions, and dissolved chemicals. Proper treatment
of these wastes is made difficult by the unusually large volumes of effluent

streams.
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Table 56

DATA FOR THE MANUFACTURE OF 1 TON STEEL STRIP

Source
Virgin materials 77
Limestone 0.255 tons
Iron ored/ 1.37 tons
Other 0.041 tonmns
Total 1.67 tons
Energy
Coal - 0.95 tons 7
Distillate oil 4,2 gal.
Residual oil 8.5 gal,
Tar and pitch 2.0 gal.
LPG 0.18 gal.
Natural gas 6,930 cu ft
Electricity 430 kwhr
Water volume 46,000 gal. 83
Solid wastes
Blast furnace slag 220 1b 55 61
Steel furnace slag 340 1b 55’61
Wastewater treatment ’
sludge 140 1b 58,68
Process atmospheric emissions
Particulates 61
Agglomerating 51b
Coke manufacture 5 1b
Blast furnace 2 1b
Steel furnace 9 1b
Scarfing 2 1b
Total 23 1b
Sulfur oxides 11 1b
Hydrogen sulfide 2 1b
Ammonia and organics 5 1b
Waterborne wastes 49,58
Suspended solids 5.0 1b
Acids 4 1b
oil 1.0 1b
Metal ions 1.0 1b
Fluorides 0.04
Other chemicals 0.02
Transportation 87
Rail 254 ton-miles
Truck 76 ton-miles
Water 93 ton-miles

a/ About two-thirds (0.90 ton) of the iron ore is domestic.
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The primary source of suspended solids is the blast and steel
furnace areas. Exit gases from these furnaces are scrubbed to prevent air
pollution, and to clean them sufficiently so they may be burned. Some sus-
pended solids are also produced when cleaning the ingots or blooms and dur-

ing rolling operations.

Waste oils, acids, and plating solutions are produced in the roll-
ing and plating areas. These acids result from cleaning operations, whereas
oils and plating solutions result from finishing operations. These solu-
tions typically contain iron salts in addition to other heavy metal ions

related to plating operations.

Coke plant wastes generally account for most of the other chemi-
cals found in the waste streams. Coke plant wastes contain phenols as
well as ammonia, cyanides, and other chemicals.

Table 48 shows that steel strip manufacture accounts for significant
impacts. This category is second only to the aluminum closure system in
importance as a subprocess of three-piece can manufacture.

G. Ferrous Can Fabrication

Steel strip is shipped to can fabricators to be converted into

The steel can is made of electrolytic tin plate (ETP) steel or
tin-free steel (TFS). These cans are nearly identical except that the TFS
can is coated with a very thin layer of chromium instead of tin. This
amounts to less than one-half of 1 percent of the final can weight in either

case, so the differences are considered negligible.

beer cans.

The three-piece can is fabricated from a metal blank which is

soldered or welded to form the can cylinder. A steel bottom and an

aluminum top are attached to the can cylinder by mechanical crimping.
connections are made leak-proof with a sealant (end compound). The can

is coated and decorated with inks.

The
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Raw data for can fabrication are included in Table 57, with the
impacts displayed in Tables 51 and 48.

TABLE 57

DATA FOR FABRICATION OF CAN BODY AND BOTTOM FOR
1 TON OF THREE-PIECE STEEL CANS

Sources

Virgin materials 68

Solder 32 1b

Cement, paint, coatings 20 1b

Solvent 26 1b
Packaging (corrugated

containers) 49 1b
Energy 68

Natural gas 2,200 cu ft

Electricity 273 kwhr
Water volume 320 gal. 83
Solid waste 50 1b 68
Atmospheric emissions

Process hydrocarbons 24 1b 68
Transportation 88

Rail 97 ton-miles

Truck 111 ton-miles

Water 11 ton-miles

As shown in Table 51 and 48, impacts from can fabrication are
important. These impacts result from the use of electricity to run plant
machinery and natural gas for drying ovens. Significant air pollution also
occurs from evaporated solvents of which it is estimated that only 9 percent
is incinerated to prevent air pollution.
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H. Electric Furnace Steel Manufacture

As noted in Section F which describes conventional steel manu-
facture, large quantities of steel are recycled each year as a normal part
of the steel-making process. The scrap is normally high grade industrial
waste resulting from metal discarded at various stages in manufacturing.
However, the potential exists to obtain much steel from post-consumer
ferrous wastes, such as steel cans discarded into municipal waste streams.

In this study we are examining one system which might be used to
fabricate ferrous products using post-consumer waste as the primary raw
material. This system is the three-piece electric furnace system. Electric
furnace technology is well established and presently is being used in many
applications. Tt is typically a small operation compared to large, conven-
tional steel mills. Electric furnaces use scrap as the principal raw
material. Most electric furnaces prior to 1960 did not produce carbon steel,
but produced various ferroalloys for special purposes. However, in 1971,

71 percent of the output of electric furnaces was carbon steel. These fur-
naces can produce suitable can steel. Economics dictate the location and

choice of output products.

Scrap metal and various additives are charged into an electric
furnace through its top. (The materials flow is shown in Figure 17.)
These materials are melted by the conversion of electric energy into heat.
Current is brought into the furnace through large carbon electrodes and
the energy is converted to heat in the furnace. Much less energy is re-
quired for this process than for making steel from virgin ore. The electric
furnace consumes energy primarily by melting the iron and maintaining a high
enough temperature for refining to take place. On the other hand, conven-
tional steel production requires several separate operations: agglomerating,
blast furnace operations, and steel furnace operations. The large difference
in energy is seen by the fact that an energy requirement of 500 kilowatt-
hours per ton of steel for a typical electric furnace translates to a fuel
requirement of about 6 million Btu. This quantity may be compared to over
15 million Btu of fuel required for the blast furnace alone to produce 1 tomn
of pig iron. 1/ For 1 ton of steel strip produced, the energy difference is
41 million Btu for conventional steel as opposed to 19 million Btu for the

electric furnace system,
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The data for electric furnace steel are given in Table 58. The
most troublesome on-site impact of electric steel furnaces is air pollution.
This results primarily from fume emission. "Fume'" is the term applied to
electric furnace emissions of airborne particulates--composed predominantly
of metal oxides but also of combusted impurities. These particulates are
quite small, usually below 2 microns, and are somewhat difficult to control.
These emissions occur mainly during charging operations when the roof of the
furnace is opened, and during the '"boil" phase.

I. Steel Closures for Cans

In the not-too~distant past, steel beverage cans were closed with
a steel lid., However, the advent of the aluminum ring pull top has virtually
eliminated the steel can closure from the beer can market, although some
steel tops still occur on soft drink cans. As environmental aspects
of product manufacture become more important, it may be desirable to replace
the aluminum tops on steel cans with steel tops.

The steel tops which could be used would probably be fabricated
from tin-free steel. The process is a fairly simple one of stamping the
lids from sheet blanks. A polymer coating is required which must be dried

in an oven.

Table 59 contains the data for the fabrication. The environmental
profile is quite similar to that of the can body and bottom fabrication dis-
cussed in Section G.

J. Can Filling

Can filling proceeds in a manner similar to that described for
bottle filling in Chapter II. The cans are received in the plant, rinsed,
filled, and topped with an appropriate closure. Most commonly used is an
aluminum ring pull top, although a steel top is used in some cases. The
impacts in the filling plant are similar for both aluminum and steel cans,
and for beer or soft drink cans. However, for beer a pasteurization is
required which is not present in the soft drink system. Also, the kinds of
fuels used by brewers are different from those used by soft drink plants.

Table 60 summarizes the impact data.
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TABLE 58

DATA FOR MANUFACTURE OF 1 TON STEEL STRIF FROM

ELECTRIC FURNACE MILLS

Materials
Scrap
Oxygen
Iron ore
Limestone
Carbon electrodes
Plating metal (chromium
or tin)

Energy
Electricity

Natural gas
Residual oil

Water

Process solid wastes

Process atmospheric emissions
Particulates
Carbon monoxide

Waterborne wastes
Suspended solids
Acids
0il
Chemicals

2,140 1b
30 1b
14 1b
92 1b
10 1b

10 1b

500 kwhr (furnace)

335 kwhr (rolling and
plating)

5,400 cu ft

10 gal.

11,000 gal.
140 1b (slag)

140 1b (treatment sludge)

20 1b
4 1b

11 1b
4 1b
2 1b
0.04 1b
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39

68
68
68

58,68

68

61

61

58,68



TABLE 59

DATA FOR FABRICATION OF ONE TON STEEL CAN CLOSURES

Materials
Steel 2,300 1b
Coatings
Solids 55 1b
Solvent 45 1b
Paper packaging , 5 1b
Energy
Natural gas 1,000 cu ft
Electricity 23 kwhr
Industrial Solid Wastes . 45 1b
Process Atmospheric Emissions 45 1b
Hydrocarbons
Transportation
Rail 97 ton-miles
Truck 111 ton-miles
Water 11 ton-miles
Source: g
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TABLE 60

DATA FOR FILLING 1 MILLION 12-OUNCE CANS

Materials
Packaging
Plastic 1,940 1ib
Other materials 2 1b
Energy
Beer
Coal 1.0 ton
Residual 150 gal.
Natural gas 55,000 cu ft
Electricity 2,000 kwhr
Soft drink
Natural gas 15,000 cu ft
Electricity 1,700 kwhr
Solid Wastes 3,000 1b
Transportation
Beer
Rail 10,000 ton-miles
Truck 7,000 ton-miles
Soft drink
Truck 125 gal. diesel

400 gal. gasoline

Source: 68
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K. Petroleum Products

Various petroleum products are utilized for solvents, petroleum
coke and pitch, and for other uses in this study.

system has been derived using "refinery average" data.
marized in Table 61, and on Table 51.

total can systems is quite small,

TABLE 61

For those products, a
These data are sum-

The impacts of this system on the

DATA FOR 1,000 POUNDS PETROLEUM PRODUCT MANUFACTURE

Energy of Material Resource
(1,030 pounds crude oil)

Energy
Electricity
Natural gas

Water

Atmospheric Emissions

Particulates
Hydrocarbons
Sulfur oxides
Aldehydes
Other organics
Ammonia

Waterborne Wastes
BOD
Phenol
Sulfides
0il
CcoD
Suspended solids

(Crude 0il Refinery)

50 kwhr
3,000 cu ft

4,800 gal.

0.051 1b
0.014 1b
0.018 1b
0.03 1b
0.16 1b
0.09 1b
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18.54 million Btu 10

47

47

47, 70

21,51,71



CHAPTER V

ALUMINUM CANS

The basic data relating to the manufacture of aluminum beer cans
are presented in this chapter. The conventional aluminum can system con-
sists of primary rolled and drawn aluminum alloy cans. In addition, four
systems using recycled aluminum cans are considered, at recycling levels
of 25, 50, 75 and 100 percent.

Figure 18 shows the principal mining and manufacturing processes
which are involved in the production of aluminum sheet and the material
inputs. Twelve separate operations, including transportation are analyzed.
Data relating to crude o0il production and refining may be found in Chapter
I11, and discussions of limestone mining and lime manufacture appear in
Chapter II. This chapter is divided into the following eight sections;

Overview

Bauxite Mining

Caustic Soda Manufacture
Refining of Alumina
Aluminum Smelting
Aluminum Rolling

Can Fabrication

Recycle Options

T OmMME Y Ow

Filling and distribution of aluminum cans is essentially the same
as for steel cans, so those impacts are found in Chapter IV. Waste disposal
and packaging data are in Chapter II.

A, Overview

The computer reports for the aluminum can system are presented
here. They are of three kinds, Table 62 compares the results for the
four recycling options with the conventional system. Table 63 presents
the results for 1 ton of conventional aluminum cans derived 15 percent
from recycled cans. Table 64 summarizes the impacts for 1 tom of each

operation.
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LST

Limestone | 0.23 |Lime 0.12

Mining Manufacture

Bauxite 0.42 (Domestic) _ | Bauxite 1.46 (Domestic)

Mining 3.6 (Imported) Refining  [0.90 (Imported )

Caustic

Rock Salt | 0.23 | sodg 0.23

Mining Manufacture
Crude Oil | 0.80 | Coke &
Production Pitch Refining

Aluminum Sheet

_ | Production

(Smelting &
Rolling )

Packaging.
Coating,
Adhesives & Packaging
Ete.
0.12 0.05
1.18 i
- 1.0 1.0 : 1.0 :
0.18 { Fabrication F—%=  Filling S::sumphon I'Z:)Iirs‘:Lsal

Figure 18 - Materials Flow for 1 Ton Virgin Aluminum Cans




INPUTS TO SYSTiMS

NAME

MATERTAL
MATERTAL
MATERIAL
MATE RIAL
MATENTAL GLASS SAND
MATE~TAL NAT SODA ASH
MATERIAL FELOSPAR
MATEHIAL BAUXITE ORE
MATERIAL PNUCESS aADD
tHFRGY PRUCESS

ENENGY THANSPORT

EMERGY OF MATL RESQURCE
wWATER VOLUME

wQ0D FIRER
LIMESTONE
IRON ORE
SALY

OUTPUTS FHOM SYSTEMS

NAME

SOLTD wASTES PROCESS
SOLID waSTES FUEL COmB
SOLID WASTES MINING
SOLID WASTE PQOST=-CONSUM
ATMOS PARTICULATES
ATNOS NITRPOGLEN OXJUES
ATMOS HYDROCARBONS
ATMOS SULFU® OXIUDES
ATrOS CARBON ™ONOX[DE
ATM0OS ALLE—YIES

AT®OS UTHER ORCANICS
ATMOS ODUROUS SULFUR
ATMOS AMMONIA

AT™0S HYDWOGEN FLOUAIDE
ATMOS LEAD

ATM0S MERCURY
ATMOSPMERIC CHLONINF

wATERAORNE
WATEKRORNE
wATE RBORNE
wATERBORNE
wATERHORNE
wATERBORNE
wATERBORNE
wATERBORNE
WATERBORNE
wATERBORNE
wATERAORNE
waTERBORNE
WATERBORNE
wATERBORNE
WATERBOANL
waTERBORNE
waTERBORNE
wATERRORNE
waTERBORNE

NamE

FLUOKIDES
DISS SOL1DS
800

PHENOL
SULFIDES
OlL

oo

SUSP SoLIDS
ACIO

PETAL 10N
CHEMICALS
CYan]lOE
ALKALINITY
CHROMI UM
1FON

AL UsINUm
NICKEL
MERCURY
LEAD

SUMMARY OF ENVIRONMENTAL IMPACTS

HAw MATERIALS

ENERGY
WATER

INDUSTHIAL SOLJO WwASTES
ATM EMMISSIONS
WATERBORNE waSTES
POST-CONSUME®R SOL WASTE

TABLE 62

IMPACTS FOR 1 MILLTION ALUMINUM CANS, 6 QPTIONS

DRTITS

POUNDS
POUND
POUND
POUND
PAULNG

P OUND
POUND
POUNT
POUNDS
MIL =Tu
m]f BTU
MIL uTU
THUU GAL

UNITS

POUND
POUND
POUND
CUBIC FT
PLUNL
PIUND
FOUND
POUNU
POUND
FOUNI.
POUND
POUND
POUND
POUING
POUND
POUND
POUNL
POUNUL
POUND
POUND
POUND
POUND
POuUNL
POUND
POUND
POUND
POUND
POUND
POUND
POUNU
POUND
POUND
POUND
POUND
POUND
POUND

UNITS

POUNDS
MIL BTU
THOU GAL
CURIC FT
POUNDS
POUNDS
cuBliC FT

VIRGIN
ALUMINUMN

2699.
10752,
0.
10892.
0.

[

0.
180055,
13278,
7056,
217,
685,
158S.

217676,
7956,
1585,
394a,

I4387,
6303,
298.

158

15 PCNY
RECYCLE
ALUMINUM

2696.
9139.
Qe
52060
0.

'R

0.
153047,
12019.
6223,
222.
S89.
1416,

14486,
113a1,
225040,
25A.
5202.
5781.
4800,
1163},
2716,
23,
3s,
22.

3.

53,

le

0.

3r.
226.
1094,
209.
2.

1.
381.
1899.
369.
586.
iol.
610«
0.

0-

o.

0.

0.

0.

0.

o‘

186164,
To3s,
1416,
3387.

30303,
5539,
258.

25 PCNT
RECYCLE
ALUM INUM

2h39,
8livs,
G,
4169,
[

O,

0.
13501,
11182,
5675,
181,
553,
1308,

1391,
1e229.
199156,
232.
468;,
5217,
“469,
10870,
2405,
2).
31.
22.

3.

46,

0.

°o
32.
199,
1002.
193,
2.

1.
178.
1677,
354,
$27.
144,

165155,
64069,
1304,
3035.

27397,
5026,
232.

50 PCNT
RECYCLE
ALUMINUM

2689,
“37s8.
g.
“aLG,
[

0.

0.
90027,
906,
4296,
145,
a2l
1030.

12576,
7459,
134436,
166.
3386.
3931.
3670.
7617,
1725.
1b.
25,
22.
2e
3l.
0.

0.
22.
133.
775,
152
le

1.
3n9,
1123.
317.
382.
104,
IV1i.
0o

[

0.

0.

0.

0.

0.

0.

112634,
4862.
1030.
2085,

20646,
37a9,
166.

7S PCNT
RECYCLE
ALUMINUM

699,
2bbH.

27123,
"0

Vo

Ve
a5f1e,
69489,
2917,
l1us,
270,
753.

11212,
4689,
69715,
100.
2042,
2665,
°nll,
4763,
1045,
ll.
lo.
22.
1.
Is.
0.

0.
11.
(.19
549,
111.
ie

0.
361,
$08.
279.
237.
63,
213s.

Oe
0.
0.
Ve
0.
e
Oe

60113,
3316,
TH3.
1156,
13446,
2471,
100,

104 PCHT
RECYCLE
ALUM ] NUN

2699,

0.
e
0.
e

Ue

4893,
ivinm.
T3,
154,
“ls,

YRe?,
1919,
4995,
Ja,
796.
1359,
2073,
1909,
30S.
Ix
12,
22,
1.

Ve

0,

0.

O

0,
322,
A9,
Ge

0.
352.
is,
267,
92.
23.
19,
0,

Go

0.

0.
Ve
0.
0.

7592.
1769.
47S.
226,
6546,
119,
oo
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Tahkil »}

EMPAL S T 1 Ton AWl LM CONGATVLRS (15 PER B Rofiuets
i T Castic L ImE FLT-0L AAUKTTF AUUMT dM AL oMl yum AL LLODCF AL AN .ar BaPs R TRASPOR  UISEGSAL  RECYCLE
MINING SHDA SISTE™ PRI TS MEFINING  SMELTING  WLLLING Fade[ca 800Y FILL 10 Facra] AL
eA34 LBy STSTEM 2ue Lo SYS «0le Ld 1102 LR 2360 . “ei Lo Far]Ch LI T TR F 204
IHE (K 11%n L a8 las% LH CAWR]IER SCRAP
INPUTS TO SYSTENMS
NAME unlits
MATERIAL wOO FIRER POUNDS G000 0,000 0,000 G000 0,000 0,000 0,000 0,000 0.000 0,000 120,500 0.000 0.000
MATERTAL LIMESTONE #OUNL 0.000 0,000 «04.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0,000 0.000
MATERIAL 1RON ORE POUND 0,000 6.000 9.000 0,000 0.000 0.000 0.000 €.000 0.000 0.000 ¢,000 0,000 0.000
MATERTAL sSaLY POUNL 0.000 “13,40n 0.000 0.000 0.000 0.000 1.000 0.000 0090 0000 6,000 0,000 0.000
MATEQTAL GLASS SAND POLND 0,000 0.000 0.000 6.000 0.000 0.000 0,000 0,000 0.000 0.000 6.000 (21 17 c.000
MATERIAL NAT SUDA ASH POUND 0.000 0,000 0.000 0.000 0.0u0 U.000 0.000 0.000 0.000 04002 0e000 0.000 Le030
MATERIAL FELULSPAP POUNL: 0.000 0.000 6.000 _  0.000 0,000 0.vu0 0.000 0.000 4.000 0.000 0.000 74000 0.200
MATEQTAL BAURITE ORE POUNL 0.000 U000 0.000 0,000 ~nH3I2,636 0.000 6,000 0.000 0,000 0.000 0,000 0.000 0.000
MATEH AL BMOCESS ADQ POUNDS 0.000 LISELS 2.000 2.31¢ 280, hed 63,470 92.27¢6 22.302 51,2486 34587 3.506 0,000 e.000
ENERSY PHOCESS MIL oTu 14853 3e540 X Y-v4 4.t47 41,070 1hT. 490 le,toh 5131 3720398 [k L7233 v.000 0,200
ENERGY TRANSPURT »IL BTU 036 Las 010 W1ed G.000 0.000 0.000 0,600 04000 o190 . 216 44087 10y
ENERGY (+ MATL RESLUNCE ML BTu 3,000 U.000 4010 ceekte Geull 0,000 0,000 4.000 v.000 2490~ 0.000 0,000 0,000
WATEX VOLUME THOU GAL 098 1.502 . 657 5.911 [PRLT! 33.979 15.68% «009 928 313 1.794 et .Je7
QUTPUTS FRUN SYSTEMS
NASE FRES
SOLID WwASTES PrOCESS POULD 0,002 LYY 37,040 J739 0,000 178, T9e 253,700 3,510 29.200 155.43¢ 5.591 0,000 0,000 1.800
SOLID WASTES Fuki CuMd POUND JT86 9,688 676 2.09% 61.683 354,117 14,019 708 42.133 8,728 Te13s 1,734 027 1.732
SOLIG WASTES MINING POUND 2,008 B0.485 3.771 5,652 A793,742 964,142 384177 1.9y 1144733 31,04y 6917 0.000 0.000 4,51
SOLID wASTE POST-CONSUM  CUBIC FY 0.006 0.000 0,000 U.000 0,000 0.000 0,000 V. 000 0.000 G.000 0.000 0.000 13.301 =1.770
ATMOS PARTICULATES #QUND 23.104 2.082 6.676 «947 12,138 103,332 3.843 «155% welbe 3.616 3.565 le2in wull 2.218
ATMOS NITROGEN OXJDES POUND l.222 3549 PRLY 3,203 31,600 152.301 9.890 bl 24.51¢ 124204 l1.240 l6.018% oll6 12344
ATMOS HYDROC8WBONS POUND 1,665 Joe2e 221 w.546 20,021 914627 10.517 24,138 36.686 9.96}) «63) S.712 .118 1.107
ATMOS SULFUR OXKILES POUND 874 9,064 923 6,202 Ta,043 348.783 13,206 <662 3v.577 11.402 4,682 T.242 026 1.961
ATMOS CARBON MONOXIOE POUND 2903 «451 121 +788 5.851 88.215 1.666 060 3.877 9,275 «531 12,080 1.117 «243
ATHOS ALDEMYUES POUNYD W013 «006 2001 074 .121 254 .02% .00) «058 Y] .010 «354 2009 808
ATHOS GTHER ORGANICS POUND . 037 . 008 $002 «0R4 «119 k09 +053 <002 .113 2138 «013 «385 U9t 009
ATMOS 0DOHOUS SULFUR POUND 0,000 0.000 0,000 0.000 0.000 0,000 ©.000 0,000 0.000 0.000 978 0.000 0.000
ATMOS AMMONIA POUND 001 <000 2000 072 «018 «001 0.000 0.000 0.000 + 008 «001 <02¢ -000
ATHOS HYORUGEN FLOURIDE POUND 0,000 0.000 0.000 0.000 0.000 2.352 0.000 6.000 0.000 0.000 0.000 0.000 0.000
ATMOS LEAD POUND «002 2000 2000 000 «000 +000 0.000 0,000 0.000 +«006 «000 .01 002
ATMOS MEKR(UWY POUND »000 2004 <000 .000 « 001 +000 «000 +000 «001 +000 «000 0.000 0.000
ATHOSPHERTC CrLOKINE POUND 0,000 1,640 0.000 0.000 6.000 0.000 6.000 0,000 0.000 0.000 0.000 0.000 0.000
WATERBCRNL FLUONIDES POUND 0.000 0,000 0.000 0.000 981 9,100 0.000 0.000 0,000 0.000 0.000 0,000 0.000
WATERHORNE DISS SOLIDS POUND 376 «28) «068 14,325 5.836 18,107 1.856 <065 31.845 2,22 301 3.83¢ +058
WATERYORNE BOD POUND <000 +00} .000 . 061 3.300 2.484 .001 800 .002 tle 24443 010 .000
WATERBORNE PHFNOL POUND «000 «000 <000 «017 075 «007 000 «000 2001 «0G1 «000 003 «000
' WATERRORIE SULFINES POUND <000 4000 «000 027 «004 «00% «000 .000 2001 <001 .000 2004 000
ws TERKORNE 01 POUNL <000 .000 .000 LR cles 1.100 15,458 000 4001 .263 000 +005 .000
WATERHORNE C(UL" POUND 001 eGlc 000 o192 19,474 eodve .003 « 006 009 «9l0 <003 <039 <001
WATERBORNE SUSP SOLIDS POUNU +001 <001 «000 .108 $ 024 6.390 Aald .000 £ 005 TS 1.166 . 029 .000
wATERBORNE ACIO POUND NET) 505 Y .108 3,374 1n,6en? .73 L0237 2.198 465 L0668 007 .000
eATERBOWNE METAL 10N POUND 010 Jh2¢ 011 W0PT oBad 5269 o183 009 LTL I Wlle 017 £ 002 <000
wATERAOKNE LHEMICALS POULND 0,000 v.0c0 0,000 0,000 T23,e10 3 1 3.0% 0,000 0.000 0.000 0.000 0,000 0.000
wATEKBORNE CYANJOE POUND 0,000 u.000 0.000 ¢.000 0.000 «010 0,000 0,000 0,000 0.000 0.000 0.000 0.00¢ 0.000
WATERBORLE ALKALINITY POUND Ue0UU 0,020 0,000 0.000 0000 0.000 0.000 0,000 0,000 0.000 0.000 0.000 ve000 0.000
WATERBONNE CrHROMIUM POUND 6,000 0.000 0.000 0.000 0,000 0000 0.000 0.000 0.000 0.000 0,000 0,000 0,000 0.000
WATERHURNE THON POUND 0.000 0.000 €.000 ve000 0.000 0.000 0.000 6.000 ge.000 0,000 0.000 0.000 0.000 0.000
WATERHOANE ALUMINUM POUNL: 0.000 6,000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 6.000 0.000
WATERBORNE NICKEL POUN C.000 0,000 0,000 0,009 0,000 0.000 v.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000
WATFHAQHNE MERCURY HOUND v.000 «000 0.000 ¢.000 0.000 0.000 0.000 0,000 0,000 0.000 0.000 0.020 0.000 0.000
wATEWBOMNE LEal POUNL 0,000 002 0.000 0,000 0.000 0.000 0.000 V.000 0,000 0.000 0.000 0.000C 0.000 0.c00
SUMMARY 0OF FNVI-ONMENTAL IMPACT>
NamE UNTTS
RAw MATER]ALS PUUNDS 6,000 819,40 “~0K,000 216 T113.27e 63,070 92,276 22.302 Glecet 3.5492 129.00% 0.00: 0.0g:
ENFROY MiL WTU 1.949 IPEYYY ay2 26,964 41,070 187,430 I8, 06% 544 32,358 n.in l-::: S-N:” -;”
wATEW THOU GAL G Teb0¢ eU52 Se911 lelon 33,979 b, 68y +003 .:28 . ';J I.z . .;b .”o
INDUSTHIAL SULIL waSTES  CUBRIC BT $03F 1e280 563 oh1s 119.551 FATELTY “e)30 NLE e..}ls ’.‘1: l.‘;l NS l.w‘)
ATM FMMISSTUNS BOLUNLS 27,800 11201 He2né 2hovle 203,71- Toleie 19,700 25,47 Lisov A‘.tang il ' 3.330 rads
WATERBORNE WASTES POUNDS NYai 9ly L] le.n4T 117.7 4 hlebv]) 40193 o1l bebll ot 4,01 . .

PNST~CONSUMF & SUL WASTE CORte FY v.000 0000 da000 .00 EPCLN T n.000 0.000 0.700 0.000 0.300 0.000 13,301
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SYSTrmy
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«00D FIREH
LIneSTUuNg
1RON ORE
SALT

1LASS SANY
NAT sSOnA ass
FrLNSPAR

aTblaL
matb~TaL
malY V1AL
»ATESNTAL
MATER AL
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HYDRUCARBUNS
SULFuU~ OXIDES
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Table 63 summarizes all operations for 1 ton of canms. All the
operations and systems listed refer to the production of the can cylinder,
closure and associated packaging. It is clear that the steps of bauxite
refining and aluminum smelting dominate the environmental impact profile
of the aluminum can system.

Table 64 is a printout for 1 ton of product from each operation.
Its purpose is to convert raw data into environmental profiles for each
step. Data for 1 ton of each operation are presented in the following
sections of this chapter.

Table 62 compares the impacts for the conventional aluminum can
system with five hypothetical recycle levels. These are discussed in
Section H.

B. Bauxite Mining

Aluminum is the most widely distributed metal in the earth's
crust, with only the nonmetallic elements oxygen and silicon surpassing
it in abundance. However, bauxite ore is at the present time the on1y~
commercially exploited source of aluminum. Although other types of earth,
including ordinary clay, contain aluminum, industry economics favor bauxite
as the preferred ore.

Bauxite is formed by the action of rain and erosion on materials
containing aluminum oxide (alumina). The heavy rainfall and warm tempera-
tures of the tropics provide the most nearly ideal conditioms for this
process, and most of the world's bauxite is mined in these regioms. Al-
though the United States is the world's largest consumer of bauxite,
nearly 90 percent of the bauxite used here is imported.

Most bauxite is mined by open-pit methods. 1In Jamaica, the lead-
ing producer of bauxite, the ore lies close to the surface, and only the
vegetation and topsoil need to be stripped. In Arkansas, the top domestic
producing region, open-pit mining is also used, with stripping ratios of
10 feet of overburden to 1 foot of ore considered minable. Underground

. -‘ - 3 .
mining is employed at one location in Arkansas, and this method is the most
common in Europe.gé/

Table 65 presents the data relating to the mining of 1 ton of
bauxite ore, based on domestic data.
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TABLE 65

DATA FOR THE MINING OF 1 TON BAUXITE ORE

Source

Energy 89

Distillate 0.122 gal.

Residual 0.0737 gal.

Gasoline 0.194 gal.

Natural gas 398 cu ft

Electric 7.03 kwhr
Water Volume 15.7 gal. 90
Atmospheric Emissions

Particulates 6.7 1b 52
Transportation 67,86

Truck 10 ton-miles

Barged/ 950 ton-miles

a/ Domestic transportation of imported ore.

It is clear that the environmental impacts of bauxite mining are

relatively small. This is evident upon examination of Table 63 which indicates
that mining of bauxite accounts for quite low levels of impacts of the

aluminum can system.

Mining solid wastes which are often associated with ore mining
are not included here, but are instead counted in the refining operation,
where they show up either as suspended solids in wastewater effluents or as

solid wastes.

C. Caustic Soda Manufacture

The refining of bauxite ore to alumina employs strong caustic
soda solutions. The major raw material for caustic soda is salt, and it
is assumed here that this is obtained by the mining of rock salt. Rock
salt mines are widely distributed throughout the United States, with 17
states reporting production in 1969.2-

Data pertaining to the mining of 1 ton of rock salt are presented
in Table 66.

162



TABLE 66

DATA FOR THE MINING OF 1 TON ROCK SALT

Source

Energy 84

Residual 0.11 gal.

Gasoline 0.01 gal.

Natural gas 168 cu ft

Electric 85 kwhr
Water Volume 521 gal. 84
Mining Wastes 262 1b 68
Transportation 68

Rail 300 ton-miles

Truck 50 ton-miles

Caustic soda (sodium hydroxide) is manufactured from salt by an
electrolytic process. The aqueous sodium hydroxide solution is electrolyzed
to produce caustic soda, chlorine, and hydrogen gas. The chlorine and caus-
tic soda each account for about half the output of the process, with hydrogen
amounting to only 1 percent by weight. Therefore, half the impacts of the
process are allocated to chlorine production and half to caustic soda pro-
duction. The chlorine is a useful product in other manufacturing processes,
so its impacts are not included in the aluminum can system. The impacts al-
located to caustic soda manufacture are presented in Table 67.
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TABLE 67

DATA FOR THE MANUFACTURE OF 1,000 POUNDS CAUSTIC SODA

Source

Virgin Raw Materials 12,68

Salt 1,071 1b

Process additives 16 1b
Energy - Electric 722 kwhr 12,68
Water Volume _ 3,475 gal. 11
Process Solid Wastes 12 1b 68
Process atmospheric emissions

Chlorine 4,25 1b 68

Mercury 0.009 1b 68
Waterborne Wastes 68

Lead 0.006 1b

Mercury 0.00013 1b

Dissolved solids 0.2 1b

D. Refining of Alumina

Before it can be used in the manufacture of metallic aluminum,
bauxite ore must be refined to nearly pure aluminum oxide, Al203, usually
called alumina. The method used to accomplish this is called the Bayer
process, which is used almost exclusively. The bauxite is crushed and dis-
solved in digesters, using strong caustic soda and lime solutions. The un-
dissolved residue, known as red mud, is filtered out and constitutes a major
disposal problem for alumina refiners. Sodium aluminate remains in solution,
where it is hydrolyzed and precipitated as aluminum hydroxide, which is then
calcined to alumina, generally in a rotary kiln.

The data for bauxite refining (Table 63) indicate that solid
wastes constitute the largest part of the environmental profile. This
category consists largely of mining wastes, the roughly 45 percent of
bauxite that is discarded after the sodium aluminate is removed in solution.
The manner in which wastes are handled determines whether they show up as
waterborne wastes or as solid wastes. If these red muds are simply discharged
into a river, they are of course a major water pollutant. However, we have
assumed that in the near future, all of these wastes will be impounded in
settling ponds, where they end up as solid wastes on land. The figures used in
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the present study are based on data reflecting this assumed future practice.
Current industry projections call for reductions of as much as 97 percent
in the waterborne wastes of alumina plants by mid-1975.-—

Impact data for alumina refining are presented in Table 68.

TABLE 68

DATA FOR THE PRODUCTION OF 1 TON OF REFINED ALUMINA

Source

Virgin Raw Materials 35,97

Bauxite 3,046 1b

Other 140 1b
Energy 83

Coal 0.140 ton

Distillate 6.56 gal.

Residual 12,2 gal.

Natural gas 5,400 cu ft

Electric 700 kwhr
Water Volume 479 gal, 68
Mining Solid Wastes 3,722 1b 68
Atmospheric Emissions

Particulates 24,4 1b 52
Waterborne Wastes 70,71,74,76

BOD 1.64 1b

CcOoD 39.8 1b

Chemicals 11.6 1b

Fluorides 0.489 1b

0il and grease 0.0698 1b

Phenols 0.0356 1b
Transportation 68

Rail 600 ton-miles

Barge 600 ton-miles

Truck 68 ton-miles

144
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E. Aluninum Smelting

The reduction of refined alumina to metallic aluminum results in
the largest environmental impact of any process in the production of aluminum
cans. When both the can body and the top are considered, smelting operations
lead all other subsystems in three of the seven categories.

The principal cause of the high environmental impacts associated
with aluminum smelting is the high consumption of electrical energy required
to effect the separation of aluminum from its oxide. The process is carried
out in a long series of electrolytic cells, carrying direct current. The
alumina is dissolved in a molten bath of cryolite and aluminum fluoride.
Carbon anodes carry the current to the solution, and a carbon cathode lining
carries the current out of the solution and on to the next cell. The anodes
are consumed during the reaction at a rate of approximately 0.75 ton of mate-
rial per ton of aluminum produced. The principal products of the reaction
are carbon dioxide, which is evolved as a gas, and elemental aluminum which
settles to the bottom of the cell and is periodically drained off.

Although there are significant pollution problems at the smelter
site, most of the impacts in the categories of atmospheric emissions, water-
borne wastes, and solid wastes result from the generation of electricity
and the mining of coal for fuel in electrical generation. It is clear,
therefore, that the extremely high electrical requirement is the overriding
environmental concern in aluminum smelting operations.

The emission factors for electrical generation--which are used for
every system in this study--are based on a national average mix of fuels for
electrical generation, including hydroelectric power. It is true that the
aluminum industry uses a relatively high proportion of hydroelectric power.
It is our judgment, however, that a study such as this should not distinguish
between different "kinds" of kilowatt hours, since if the hydroelectric power
were not used by the aluminum industry, it would be available as an alterna-
tive to power generated with fossil fuels. 1In cases where electricity is
generated by the aluminum companies for captive use in their plants, the
power is not included in the electrical energy category. Rather, the fuels
used to generate that power are included separately; and, in this latter
case of self-generated power, full credit is given for hydroelectfic genera-
tion to the extent it occurs.

The primary pollution problem at the smelter site is fluoride
emissions from the cryolite baths. These occur as both particulate and
gaseous atmospheric emissions, and as waterborne wastes. Carbon monoxide,
while constituting a greater weight percent of the emissions, is of a lower
order of toxicity and of secondary concern to smelter operators.
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A newly developed process is said to be able to produce aluminum
with about 30 percent less power, while eliminating fluoride emissions al-
together. It would still use an electrolytic process, but the alumina would
first be converted to aluminum chloride. The products of the electrolysis
would be molten aluminum and chlorine, which would then be reused in the
chlorination step. Although the new process appears to hold promise for the
long run, there is not indication that it will have a significant effect on

the industry's practices in the foreseeable future.lZ/

The data used in calculating the environmental impacts of aluminum
smelting are presented in Table 69.

TABLE 69

DATA FOR THE SMELTING OF 1 TON OF ALUMINUM

Source

Virgin Raw Materials2/

Process additives 70 1b 35
Energy 83

Distillate 0.465 gal.

Residual 1.37 gal,

Natural gas 40,000 cu ft

Electric 12,800 kwhr
Water Volume 34,800 gal. 76
Solid Wastes 194 1b 58,68
Atmospheric Emissions 76

Particulates 30.6 1b

HF gas 2.61 1b

SO, 18.8 1b

Hydrocarbons 4,19 1b

co 75.0 1b

NO, 1.36 1b
Waterborne Wastes 76

Suspended Solids 7.04 1b

Fluorides 10.1 1b

BOD 3.18 1b

CoD 4.46 1b

Cyanide 0.0107 1b

Ammonia 0.528 1b

Metal ions 0.702 1b

0il and grease 1.21 1b

a/ Coke and pitch production, for anode manufacture, is counted as a
separate system. See data for refinery products in Chapter III.
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F. Aluminum Rolling

Aluminum ingots from the smelter, along with some new scrap alum-
inum, are processed by rolling mills into aluminum alloy sheet. The alloy-
ing materials, mainly magnesium, are assumed to be added at the rate of less-
than 2 percent of the material input. The scrap used here is not postcon-
sumer scrap, but is industrial scrap, usually from can fabricating plants.
The post-consumer scrap considered in the recycle options in Section 1 is
in addition to the new scrap normally used in conventional aluminum cans.
Table 70 contains the data for rolling 1 ton of sheet for use in aluminum
can bodies and tops.

TABLE 70

DATA FOR THE ROLLING OF 1 TON ALUMINUM SHEET

Source
Virgin Raw Materials 68
Process Additives 78.2 1b
(alloying materials and
lubricating oils)
Energy 68
Natural Gas 7,020 cu ft
Electricity 387 kwhr
Water Volume 13,100 gal. 68
Atmospheric Emissions 52
Particulates 0.594 1b
Solid Wastes 215 1b 68
Waterborne Wastes
Suspended Solids 7.13 1b . 68
Phosphates 2.97 1b
0ils and Grease 13.1 1b
Transportation 68
Rail 1,420 ton-miles
Truck 12.5 ton-miles
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G. Can Fabrication

The aluminum can body, which forms the sides and bottom of the
container, is drawn from a single piece of aluminum sheet. The can top,
also made from aluminum sheet, does not have to be drawn, and its fabrica-
tion therefore requires substantially less energy than does the can body.
The can top and can body are not joined at the fabricating plant, but rather
at the filling plant, after the beverage is in the can.

Tables 71 and 72 contain the basic data for the fabrication of
the aluminum can body and top, respectively.

TABLE 71

DATA FOR THE FABRICATION OF 1 TON ALUMINUM CAN BODIES

Virgin Raw Materials

Process additives 70.2 1b
Packaging 121 1b
Energy

Natural gas 21,600 cu ft

Electricity 1,880 kwhr
Water Volume 563 gal.

Atmospheric Emissions

Hydrocarbons 19.8 1b
Solid Wastes 40 1b
Transportation

Truck 110 ton-miles

Rail 97 ton-miles

Barge 11 ton-miles

Source: 68
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TABLE 72

DATA FOR THE FABRICATION OF 1 TON ALUMINUM CLOSURES

Virgin Raw Materials

Process Additives 82.6 1b
Packaging 11.6 1b
Energy

Natural Gas 1,000 cu ft

Electricity 85 kwhr

Atmospheric Emissions

Hydrocarbons 88 1b
Solid Wastes 13 1b
Source: 68

H. Recycle Options

Considerable environmental gains can be made by using recycled
aluminum as opposed to virgin aluminum used in a product. Table 73 sum-
marizes the environmental data for a secondary smelter recycling aluminum
cans. Included are operations for shredding and transporting the cans to
a smelter as well as smelter data. A credit is gived for the removal of
the cans from the solid waste stream.

Two important assumptions have been made which make this recycling
profile more favorable to aluminum recycling than for other situations. One
assumption is that the cans are carried back to a grocery store and further
carried on to processors by backhaul trucks. Thus, the cans are assumed
to ride "piggy back' on transportation already occurring for another purpose.
For voluntary collection centers where cars may be driven long distances for
the sole purpose of delivering cans, this is not true. Some details con-
cerning this possibility can be found in Volume I.

The second assumption is that the scrap recycled is "clean'' cans.

If significant impurities and alloying materials are present in aluminum
scrap, then the impacts of smelting are greater. Highly corrosive and
environmentally damaging materials such as chlorine may be required, as
well as higher energy requirements. Much more serious air pollution can
result, as well as considerably more solid waste. Thus, the recycling
options considered here probably represent a '"most favorable' situation
for aluminum recycling.
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TABLE 73

DATA FOR RECYCLING ONE TON ALUMINUM FROM CLEAN SCRAP

Maéerials
Fluxes

Energy
Distillate

Residual
Natural gas
Electricitya/

Water

Industrial Solid Wastes

Post-Consumer Solid WasteE/

Atmospheric Emissions
Particulates

Waterborne Wastes
Suspended Solids

Transportation
Rail

40 1b

5.7 gal.
5.3 gal.
4,651 cu ft
360 kwhr
800 gal.
12 1b

-2,000 1b

12 1b

11b

500 ton-miles

a/ Includes 250 kwhr for shredding cans.

b/ This represents 2,000 1bs of cans removed from the solid waste stream.

Source: 68,83
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