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PREFACE

This work was conducted fer the United Nations Industrial Developmant
Organization {UNIDO), Vienna, Austria. The work was sponsored by an
industry committee consisting of many major industrial enterprises and trade
associations. The study was directed by Dr. Juan Careaga, of *he Instituto
Internacional del Reciclaje S.C. (IIR). Data collection in Mexico was performed
by M.R. Servicios de Fomento Industrial S.A. de C.V. under the direction of
Dipl. Ing. Manfred V. Rucker Koehling.

Tne study was performed by Franklin Associates, Lid. under the direction
of Kent J. Hart, Project Manager. Significant contributicns were made by Melissa
D. Huff, Carol C. Hildebrandt, Beverly . Sauer, Daniel C. Janzen, and Terrie K.
Boguski. William E. Franklin served as Principal-in-Clarge.

This study was performed by Franklin Associates, Ltd. as an independent
contractor. The results presented here are for the use of the client according to
terms set forth in contractual agreements. The findings presented in this report
are strictly those of Franklin Associates, Ltd. and represent a Life Cycle
Inveritory, only. Franklin Associates, Ltd. makes no comparisons or draws any
conclusions based on these results.

This was the first attempt to gather national data for environmental life
cycle studies in Mexico. The readers should be aware that because of the
complexity of a national data procurement effort, there are inevitable data
quality problems which resuit from incomplete reporting in any first effort of this
type. More time is required to correct those problems. In many cases, data for
manufacturing operations in Mexico were not received, or there were only one
or two respondents. Where no data were received, U.S. data were used as
surrogates. While all data for Mexican manufacturing systems were reviewed
and checked for reasonableness by comparison to U.S. average data, validity of
any conclusions drawn from analyses based upon these data need to be viewed
with the data quality problems in mind.
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Chapter 1
STUDY APPROACH AND METHODOLOGY

OVERVIEW

The energy and environmental profiles presented in this study
quantify the total energy requirements, energy sources, atmospheric
emissions, waterborne emissions and solid waste resulting from the
production of specific packaging products. The methodology used for this
inventory was developed to conduct what is defined by the Society cf
Environmental Toxicology and Chemistry (SETAC) as Life Cycle Inventory
(LCI) (Reference 1). This inventory is not an impact assessment. It does not
attempt to determine the fate of emissions, or the relative risk to humans or
to the environment due to emissions for the systems. No judgements are
made as to the merit of obtaining natural resources from various sources.

By definition, LCI examines the entire production sequence of a product
from acquisition of raw materials through consumption and final disposal of the
product, referred to as “cradle-to-grave.” The unique feature of this type of
analysis is its focus on the entire life of a product, from raw material extraction to
final disposition, rather than on a single manufacturing step or environmental
emission. Figure 1-1 illustrates the general approach used in this analysis.

Purposes of the Study

The purpose of this study is to collect, analyze and present data and
technical information on the resource and energy requirements and
environmental emissions of 21 packages commonly used in Mexico to
deliver products to consumers. The data and technical information are to be
presented in such a manner that they can be attributed to different primary
packaging components and to the country in which resources and energy are
used and emissions are released.

System Scope

Only primary package components are examined in this study.
Primary package components are assumed to be the components of a package
that are used to directly contain the product being delivered (containers,
closures, lids, seals and/or separators).

The analysis includes the following steps in the life cycle of each

package component: extraction of raw materials from the earth, processing
these materials into usable components, manufacturing the primary
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packaging, transportation of materials and products to the next processing
step, and final disposition of the packaging components (whether recycled,
reused or landfilled). Washing of refillable containers is also included.

Not included in this study are package filling, storage of the packaged
product and delivery of the packaged material to the consumer. It is assumed
that filling and stcrage should be allocated to the product and not the package.
The resource requirements and environmental emissions for deliverv of
packaged products is determined by the weight and volume of the total
package system. Included in the total package system are the delivered
product, the primary packaging and any secondary and tertiary packaging
needed to effectively contain, protect and present the packaged material. This
study does not examine the requirements for secondaryv and tertiary
packaging. It would be misleading to calculate the dehverv of the total
package system while only considering the primary packagmg, therefore,
delivery is not included in this study.

Packaging Systems Examined

The packaging systems examined in this study are presented in Table 1-1.
The analysis examines the energy usage and environmental emissions
associated with the manufacture and disposal of 100,000 units of each package.

Data are presented throughout this report at assumed current recycled
content, recycling rates and/or trippage rates for each of the packages.
Recycling is evaluated for the aluminum, tin-coated steel, glass, bleached kraft
paper, clay-coated paperboard, and corrugated paperboard because these
materials are currently being collected for recvcling throughout Mexico, with
the largest share in collection corresponding to the Mexico City area.
Although wooden crates are not recycled in Mexico, there is some reuse of the
product; however, reuse rates are not known and thus reuse is not included
in this analysis. Glass and PETG refillable bottle systems are analyzed at an
assumed average trippage rate.

METHODOLOGY

Franklin Associates, Ltd. has developed a methodology for performing
life cycle inventories. This methodology has been documented for the U.S.
Environmental Protection Agency and is incorporated in the EPA report
Product Life-cycle Assessment Inventory Guidelines and Principles. The
methodology is also consistent with the life cycle inventory methodology
described by the Society of Environmental 'I'oxxcology and Chemistry in the
documents A Technical Framework for Life-Cycle Assessment (1991) and
Guidelines for Life-Cycle Assessment: A “Code of Practice ” (1993). These are
the customary peer-reviewed reference documents on this subject. The data
presented in this report were developed using this methodology, which has
been in common use for 23 years.
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Tavle 1-1

SYSTEM CONFIGURATIONS
Package  Weight
Weight/ Volume Unit  per 100,000
Material of Contents Weight containers
(grams) (kg)
Three-piece can for chiles 198 grams 44.138 1,414
Can body Tin-coated steel sheet 26.584 2658
Can end or top (each)  Tin-coated steel sheet 8.777 878
Beer can 340 ml 15.66 1,566
Can body Aluminum sheet 11.98 1,198
Can top Aluminum sheet 3.68 368
Non-refillable soft drink sottle 355 ml 1673 16,730
Bottle Glass 165 16,500
Crown Steel 23 230
Refillable soft drink bottie 500 mi 5123 51,230
Bottle Glass 510 51,000
Closure Steel 23 230
Refillable soft drink bot:le 1.5 liters 108.73 10,873
Bottle Blow-molded PETG 106 10,600
Closure Injected-molded polypropylene 273 273
Non-refillable, edible oil bottle 1.0 liters 41.0395 4,104
Bottle Blow-molded PET 385 3,850
Closure Injection-molded HDPE 2.5395 254
Shampoo oottle 400 ml 59 5,900
Bottle Blow-molded HDPE 45 4,500
Closure Injected-molded polypropvlene 14 1,400
Water bottle 3.78 liters 11335 11,350
Bottle Blow-moided PVC 110 11,000
Closure Injection-molded HDPE 35 350
Bread bag LDPE film €50 grams 8.74 874
Sugar bag Woven polypropylene fabric 50 kg 95 9.500
Pancake syrup container 354 ml 40.1 1,010
Bottle Blow-molded polypropylene 34.25 3425
Closure Injection-molded HDPE 47 470
Cap for closure Injection-molded HDPE 1.15 115
Yogurt container 240 ml 12.119 1,212
Container injection-molded polystyrene 11.7081 LI
Foil seal Aluminum foil 0.4109 41
(continued)




Table 1-1

{continued)
SYSTEM CONFIGURATIONS
Package Weight
Weight/ Volume Unit  per 100,000
Material of Contents Weight containers
lgrams) (k)
Crate for grapes 21.23 liters 327 32,760
Box Expanded polystyrene 215 21,500
Top Expanded polystyrene 112 11,200
Sack for com tlour Bleached semi-kraft paper 1 kg 15.7 1,570
Sack for cement Multi-lavered unbleached 50 kg 285 28,500
semi-krait paper
Folding carton cereal box  Clay-coated paperboard 350 grams 80 8,000
Box for egg trays 30 trays 1,222 122,200
Box Corrugated paperboard 1,034 103,400
Inner separator Corrugated paperboard 188 18,800
Metallized snack pack Al metallized BOPP film 25 grams 1.7314 173
Gable top milk carton LDPE-coated paperboard 1 liter 31.85 3,185
Aseptic brick for milk Al/LDPE/Paperboard laminate 1 liter 28.5 2,850
Fruit crate Wood 35.2 liters 885 88,500

Source: Franklin Associates, Ltd.

The first step in performing a LCI is to determine which specific
manufacturing processes must be evaluated for each system being studied. A
standard unit of output, such as 1,000 kilograms, is often used as the basis for
evaluating each manufacturing process. Energy requirements and emissions
are determined for each process and expressed in terms of the standard unit of
output. If marketable coproducts or byproducts are produced, adjustments are
made in the resource and energy requirements and environmental emissions
to reflect the portion of each attributable to the product being considered. The
concept of coproduct credit will be considered later in this discussion.

Once the resource and energy requirements and environmental
emissions have been established for the standard unit of output for each
process of a system, a master flow chart is made. This flow chart shows the
quantities of raw materials from each proccss that are required to
manufacture the system components. I'he resource requirements and
environmental emissions for the complete system are determined from the
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There is a general consensus among life cycle practitioners on the
fundamentals of life cycle inventories. However, no generally accepted
methodology has yet been defined for some specific aspects of life cycle
inventory. LCI practitioners vary in their approaches to these issues. The
following sections define some of these aspects and describe the approach to
each issue used in this study.

Partitioning/Coproduct Credit

An important feature of life cvcle inventories is that the quantification
of inputs and outputs are related to a specific amount of product from a
process. However, it is this feature that sometimes causes controversy in LCI
studies because many processes produce more than one product. It is often
difricult or impossible to identify which inputs and outputs are associated
with one of multiple products from a process. The practice of allocating
inputs and outputs to one of multiple products from a process is often
referred to as “partitioning” (Reference 2) or “coproduct credit” (Reference 3).

Coproduct credit is done out of necessity when raw materials and
emissions cannot be attributed to one of several product outputs from a
system. It has long been recognized that the very practice of giving coproduct
credit is less desirable than being able to identify which inputs lead to
particular outputs. Coproduct credit is a method of last resort.

In many cases, it is necessary to allocate energy and emissions among
multiple products based on some calculated ratio. The method of calculating
this ratio is subject to much discussion among LCA researchers, and various
methods of calculating this ratio are discussed in literature
(References 2, 3, 4, 3, 6).

Where allocation of energy and emissions among multiple products
based on a calculated ratio is necessary in this study, the ratio is calculated
based on the relative mass outputs of products, unless stated otherwise in the
process description in the Appendix.

Agricultural and Industrial Waste

As a generzl rule in this study, a waste is considered to be a material
generated from a process which is discarded into the environment in such a
way as to disturb natural cycles. This discarded material can be in the form of
atmospheric emissions, waterborne discharges or solid waste. However, it is
difficult to form a hard and fast rule defining solid waste because of the many
forms that make up this category. Occasionally, a process will produce an
output which appears to be neither a product nor a waste. Agricultural wastes
serve as an interesting example of the difficulty in identifying and accounting
for products and wastes in an LCI.




Some waste materials from processing are returned to the field, a form
of active disposal, but they are distributed on the land. In some cases they
may even aid production by providing nutrients or soil conditioning. For
example, stover (corn stalks left after corn harvesting) can potentially be used
as animal fodder. However, the potential for use is not sufficient for
consideration as a coproduct. Because corn stalks are usually discarded and
left to be plowed back into the fieid, they fail the definition of a coproduict. On
the other hand, they require no waste treatment and are often simply left in
the Seld to decompose and cause no alteration of ratural cycles.

The temptation exists to create a separate category for agricultural
discards. However, these issues are not limited to only agricultural processes.
For example, overburden from mining operations is often returned to the
mine afier the mine is depleted. Another example is brine extracted from oil
wells along with petroleum. The brine is often injected back into the well. In
both of these examples, material removed from the Earth are returned to
their natural cycles. Therefore, agricultural discards are not treated differently
in this study than these types of industrial discards.

Coproducts in this inventory include those materials that are currently
recycled, reused, or marketed in some beneficial way. Emissions, energy
requirements and raw materials for a process must be allocated among all of
these coproducts. The distinction between a coproduct and a waste is often a
very fine line which may change over time depending on infrastructure,
markets, and economics. For those materials that only marginally qualify as
coproducts, the difficulty is not in categorizing the output. The difficulty is
determining a reasonable method of coproduct credit or partitioning.

Using a simple ratio of mass outputs to allocate inputs and outputs to
these marginal coproducts is not logical. As discussed in the previous section,
the ratio method of allocation should be the method of last resort. Instead, no
raw materials are allocated to these marginal coproducts. Likewise, no
emissions are allocated to the marginal coproduct other than its own mass.
Again using the example of corn harvesting, the stover is ignoted as both an
input into the process and as an out,ut. All energy and emissions for corn
harvesting are assigned to the corn. Similarly, overburden returned to the
mine site is not included as waste and brine that is injected back into the oil
well is not considered as a waste.

Energy of Material Resources

For some raw materials, such as petroieum, natural gas and coal. the
amount consumed in all applicaticns as fuel far exceeds the amount
consumed as raw materials for products. The primary use of these materials
is for energy. The total amount of these materials can be viewed as an energy
pool or reserve. This concept is illustrated in Figure 1-2.




Energy Pool
(Fuel Resources)

A

Oleochemicals

Non-Fuel Resources

Figure 1-2.  Illustration of the Energy of Material Resource concept.

The use of a certain amount of these materials as feedstocks for
products, rather than as fuels, removes that amount of material from the
energy pool, thereby reducing the amount of energy available for
consumption. This loss of available energy, called the “energy of material
resource,” is included in the inventory. The energy of material resource
represents the amount the energy pool is reduced in size by the consumption
of fuel materials as feedstocks for products, and is quantified in energy units.

The energy of material resource is the energy content of the fuel
materials input as raw materials. The energy of material resour~e is not the
energy value of the final product.

The materials which are primarily used as fuels can change over time
and with location. At the present time in the industrially developed
countries included in this analysis, these materials are petroleum, natural gas,
coal and nuclear material. While some wood is burned for energy, the
primary uses for vsood are for products such as paper and lumber. Similarly,
some naturally occurring oils such as palm oils are burned for fuels, often
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referred to as “bio-diesel.” However, as in the case of wood, their primary
consumption is as raw materials for products such as soaps, surfactants,
cosmetics, etc.

The energy of material resource value assigned to a material is the
energy value of the material at the point of extraction from its natural
environment. The energy of material resource values for petroleum, natural
gas and coal are calculated from the higher heating value of crude oil, raw
natural gas and mined coal, respectively.

Recycling and Re-Use

Both closed-loop and open-loop recycling are means to divert products
from the municipal solid waste streams. Closed-loop, open-loop or a
combination of closed- and open-loop recycling are considered as recycling
methods in this study.

In a closed-loop system, material is diverted from disposal by its
unlimited recycling or reuse.- For example, aluminum from aluminum cans is
recycled and fabricated into cans again. Since recycling of the same material can
occur over and over, it may be permanently diverted from disposal. Figure 1-3
presents a graphical description of how individual processes can be viewed in a
closed-loop system. This figure illustrates that, at the ‘deal 100 percent recycling
rate, the energy requirements and environmental emissions from virgin raw
material acquisition/processing and disposal become negligible. In contrast, if
closed-loop recycling does not occur or is less than 100 percent, then virgin raw
materials must be acquired and processed, and disposal of the post.onsumer
wastes continues each time a product is produced.

In an open-loop system, a product made from virgin material is
manufactured, recovered for recycling, and manufactured into a new product
which is not recycled. This extends the life of the initial material, but only for
a limited time. Figure 1-4 illustrates how the processes in an open-loop
recycling system are analyzed.

The significan! difference between open-loop and closed-loop systems
is the way recycling benefits are incorporated or credited to the packaging
system under examination. In a closed-loop system, since the material is
recycled many times, the energy and emissions of the initial virgin material
manufacture are divided between the first product and all subsequent
products made from that original material. Consequently, these initial
impacts become insignificant. The only energy and emissions associated with
closed-loop recycled material are those which result from the recycling
process and any processes that follow, such as fabrication. Likewise, ultimate
disposal of the recycled material becomes insignificant within the context of
the numerous recycling loops that have occurred.
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For an open-loop system, the material is typically used to make two
products. Initially, virgin material is used to make a product which is
recycled into a second product that is not recycled. Thus, for open-loop
recycling, the energy and emissions of virgin material manufacture, recycling,
and eventual disposal of the recycled material are divided evenly between the
first and second product. This analysis inherently assumes that the recycled
material replaces virgin material when producing the second product.

The recycling method assumed for each of the systems that include
recycling is outlined in the pertinent chapters of this report.

The refillable glass and PETG bottles are analyzed in this study at rates
of 25 trips (or uses) and 6 trips per bottle, respectively. The number of trips
per bottle can be converted to a trippage rate, somewhat analogous to a
recycling rate, using the following formula.

Trippage rate = ((trips - 1)/trips) x 100%

For example, where the bottle on average is used for 25 trips, the
trippage rate is obtained as follows:

Trippage rate = ((25 - 1)/25) x 100% = 96%

This rate is roughly comparable to a 96 percent closed-loop recycling system,
where 96 percent of the bottles are recovered for reuse in new bottles. In this
case, only 40 kilograms of virgin material are needed to make enough bottles
to deliver the same amount of product which would require 1,000 kilograms
of bottles in a non-refillable svstem. Those 40 kilograms make 25 “trips”
through the refilling loop to deliver the comparable amount of product. The
practice of re-use also introduces the necessitv of collection and washing
operations to complete the system for these bottles.

System Components Not Included

The following components of each system are not included in this
study. Neglecting such factors helps keep the scope of the study focused and
manageable within practical budget and time constraints.

Capital Equipment. The energy and wastes associated with the
manufacture of capital equipment are not included. This includes equipment
to manufacture buildings, motor vehicles, and industrial machinery. The
energy and emissions associated with such capital equipment generally
become negligible with respect to a 1,000-kilogram system analysis.

Space Conditioning. The fuels and electricity consumed to heat, cool,
and light manufacturing establishments are omitted from the calculations in
most cases. For most industries, space conditioning energy is quite low
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compared to process energy. Energy consumed for space conditioning is
usually less than one percent of the total energy consumption for the
manufacturing process.

Support Personrel Requirements. The energy and wastes associated
with research and development, sales, and administrative personnel or
activities are not included in this invertory.

Miscellaneous Materials and Additives. Materials such as catalysts,
pigments, or other additives which total only a small percentage of the net
process inputs are often excluded from the inventory if their contributions
are estimated to be negligible.

Consumer Effects. Effects related to consumer activities such as
transporting a product home from the retail store are not inciuded in this
analysis. It is assumed that trips to retail stores are necessary for other
reasons, and are not attributed 501er to the products. Slmdarlv the energy
required to refrigerate products in the home are not included, because a
number of various food products are also stored in home refrigerators.

Consumer recycling practices and resulting effects on recycling are
another area not included in this analysis. Certain highly variable and
unpredictable household practices, along with variable practices in collecting
and transporting recyclables can have a major effect on results. These
household practices vary from country to country, and depend on the
industrial stage of the given country as well as education and culture.

To illustrate this point, an example is provided here of the effect of
varying consumer practices in the U.S. If glass containers are rinsed with hot
water before being recycled, the energy to heat hot water may be as much as 1
to 3.5 Gigajoules per tonne of glass bottles. While this is not required for
some containers, our surveys show that many households do in fact use hot
water in some cases. Other household practices include dedicated trips by car
to a recycling or buy back center, requiring from 1.7 to 3.5 Gigajoules per tonne
of recyclables. Another important variable is the efficiency of routing the
vehicles that pick up materials. In the case of buy back or drop off centers, our
data show that the energy to pick up the recyclables and take them to a
Materials Recovery Facility (MRF) or other processing site can be as high as 8
Gigajoules per tonne of material. One other possible occurrence which is
certainly relevant today is that recovered materials may be exported to foreign
markets, adding as much as 2.3 Gigajoules per tonne to the recycling energy
requirements.
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All of these factors taken together can add perhaps as much as 12

Gigajoules per tonne to the ordinary recycled product manufacturing energy.

The inclusion of these variables is quite complex. They are all a function of
recycling rate, but not in any simple way. For low recovery rates, fewer
inefficient household practices may occur, but inefficiencies in the collection
and processing system may result in anomalous high energy requirements.
On the other hand, high recovery rates may create inefficiency by increasing
transportation -“equirements and by bringing more inefficient participants
into the system.

GEOGRAPHICAL SCOPE

The calculations of process energy requirements and emissions, fuel
energy values and emissions, transportation requirements, method ot
manufacture and a number of other important details are dependent on the
country in which a material is manufactured. Many of the materials used to
produce the packaging systems examined in this analysis are produced in
Mexico from imported or domestically produced raw materials. Other
materials are imported in a semi-finished form from several different
countries. It is not possible to examine the production of raw materials in
every country that exports to Mexico. Therefore, a number of assumptions
were made about the country of origin for the raw materials used in the
packaging configurations examined in this study. These assumptions are
presented in Table 1-2. Unless a material is further broken down by raw
material requirement in the table, all of the raw materials used to produce it
are also assumed to originate in the specified country.

The countries indicated as raw material suppliers in Table 1-2 are not
necessarily the sole or primary suppliers of these materials to Mexico. Raw
materials were assumed to originate ir. these countries for two reasons:

1) life cycle data were available for production in these countries and

2) data supplied by producers in Mexico indicated that at least a
portion of the raw materials used in their manufacturing
operations were produced in these countries.

Precise import statistics were not available for this study; therefore, it is not

known what percent of imported raw materials are represented by those
examined in this study.
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Table 1-2

COUNTRY OF ORIGIN FOR RAW MATERIALS

Raw Material

Three-piece tin-coated steel can
Tin-coated steel sheet
Finished can body and ends

Aluminum beer can
Aluminum sheet
Aluminum ingots
Bauxite
Alumina
Converted can body and top

Non-refillable glass soft drink bottle
Glass
Steel crown
Stee! sheet

Refillable glass soft drink bottle
Glass
Steel crown
Steel sheet

Refillable PETG soft drink bottle
PETG bottle
PETG resin
Polypropylene closure
Polypropylene resin

Non-refillable PET edible oil bottle
PET bottle
PET resin
HDPE closure

HDPE shampoo bottle
HDPE bottle
Polypropylene closure

Polypropylene resin

Country of Origin

US.A.
Mexico

U.S.A.

US.A., Canada

US.A., Australia, Jamaica
Australia, Jamaica, Guinea
Mexico

Mexico
Mexico
U.S.A.

Mexico
Mexico
US.A.

Mexico
U.S.A.
Mexico
US.A.

Mexico
U.S.A.
Mexico

Mexico
Mexico
U.S.A.

(continued)




Table 1-2
(continued)

COUNTRY OF ORIGIN FOR RAW MATERIALS

Raw Material Country of Origin
PVC water bottle
PVC bottle Mexico
HDPE dosure Mexico
LDPE bread bag
LDPE bag Mexico
Woven polypropylene sugar bag
Woven bag Mexico
Polypropylene resin USA.
Polypropylene syrup bottle
Polypropylene bottle US.A.
HDPE closure USA.
HDPE cap for clesure USA.
Polystyrene yogurt container
Polystyrene container Mexico
Foil seal Mexico
Aluminum foil Mexico
Aluminum sheet USA.
Expanded polystyrene grape crate
Polystyrene crate Mexico
Paper sack for comn flour
Paper sack Mexico
Bleached semi-kraft paper Mexico
Post-industrial paper Mexico, US.A.

Paper sack for cement

Paper sack Mexico
Unbleached semi-kraft paper Mexico
Post-industrial paper Mexico, US.A.
(continued)
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Table 1-2
(continued)

COUNTRY OF ORIGIN FOR RAW MATERIALS

Raw Material

Folding carton cereal box
Cereal box
Boxboard
Double kraft liner
Old corrugated containers
Clay coating

Corrugated box for egg trays
Corrugated box
Corrugated boxboard
Old corrugated containers
Preconsumer box clippings
Starch adhesive
Com

Metallized snack pack
Metallized BOPP film
Aluminum wire
BOPP film
Polyprcpvlene resin

Gable top milk carton
Milk carton
LDPE coated paperboard

Aseptic brick for milk
Aseptic brick
Laminated aseptic board stock
Aluminum foil
LDPE resin

Paperboard

Wooden fruit crate
Fruit crate

Source: Franklin Associates, Ltd.

Country of Origin

Mexico
Mexico
USA.
Mexico
USA.

Mexico
Mexico
Mexico, US.A.
Mexico
Mexico

USA.

Mexico
Germany, US.A.
Mexico

CS.A.

Mexico
US.A.

Mexico
Mexico

US.A.

US.A.

Brazil, Sweden

Mexico
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DATA

The accuracy of the study is only as good as the quality of input data. Tne
development of methodology for the coilection of data is essential to obtaining
quality data. Careful adherence to that methodoicgy determines not only data
quality but also objectivity. However, methods for quantifving and communicating
data quality have not yet been established. Documentation of the methodology for
data collection is currently the only method for comm Jmcanng data quality.

Data necessary for conducting this analysis are separated into two categories:
process-related data and fuel-related data.

Process Data

Methodology for Collection/Verification. The process of gathering data is
an iterative one. The data-gathering process for each system begins with a
literature search to identifv raw materials and processes necessary to produce the
final product. The search is then extended to identify the raw materials and
processes used to produce these raw materials. In this way, a flow diagram is
systematically constructed to represent the production pathway of each system.

Each process identified during the construction of the flow diagram is then
researched to identify potential industry sources for data. Each source for process
dauw is contacted and provided with worksheets to assist in gathering the necessary
process data for their product. Figure 1-5 presents a sample of the worksheet used
to collect data for this study. M.R. Servicios de Fomento Industrial S.A.de C.V_, a
consulting firm in Mexico City, organized and conducted data collection from
producers in Mexico. The completed data sheets were first checked in Mexico for
reasonableness of data, then comprehensively checked by Franklin Associates.

Upon receipt of the completed worksheets, the data are evaluated for
completeness and reviewed for any material inputs that are additions or
changes to the flow diagram. In this way, the flow diagram is revised to
represent current industrial practices. Data suppliers are then contacted again
by telephone or telefax to discuss the data, process technology, waste treatment,
identify coproducts, and any assumptions necessary to complete the data.

After each data set has been completed and verified, the data sets for each
process are aggregated together into a single set of data for that process. The
method of aggregation for each process is determined on a case-by-case basis.
Process technologies and assumptions are then documented and returned with
the aggregated data to each data supplier for their review. The data and
documentation may also be provided to other industry and academic experts
for comment. This provides an opportunity for experts in each process to

review the completed data for accuracy, reasonabieness of assumptions, and
representativeness.
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Figure 1-5. Data collection worksheet (continued).
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Figure 1-5. Dala collection worksheet (continued).

G171 'SALVIDOSSY NIDINYE



174!

- K’.;""l ; -", - W
\ f n
R}}i

dn 1 ‘,3;'5

mul

! 'ucual

I'CIT’ ) _

- Munmd _

.| Cabsulaied

Hithursre | oinents

Olland Urease

s

Beuzene

Vlﬁ'y'l'CElodile

Riliylbenzene

Ilienol

PN

;| Naphthalene

" E{Carbon Tetiachlorlde

1.2 Dichlorosifiane

e

1 8her 11 Tydrocaibons { specliy §

v -
.M-d

|31
r

WWN

ulfurke Acld ™

[ydiochlorlc Acld

O!

i “.ru Aclds { speclly

s O ey e g i
ol NN

.34

_ Xlumlnum ‘
i Antlmony

JAiscnle

Cyaalde
Chlorlle™
Cheomlum "
Fhosplorus

on - -
Mercury
Nlirogen
HNickel

TS

BN e e e sres A Rs v ot 13 R
e ¥ T E.

IS RIS

seprr g Dy ey 4

Ip Veo & lach Revw. RUEC231M (vor. T ) @ 11030

| Isteeme M NBUIH IV )

T AT T S T ORI TR

— e

vs.
- Fils” ANRADE FiV1iHVENTARIO iLetw 12 1 DATRWRL "~

| Pranktin Asaoclates, 1 1d, “Vellug Lustitute, ne. { USA ) / tlnstitna lnternacionel Jdel Reclclaje, M. l( Sesviclos de Homento tndusiclal { MEX } )

Figure 1-5. Data collection worksheet (continued).
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Figure 1-5. Data collection worksheet (continued).
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Figure 1-5. Data collection worksheet (continued).
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Confidentiality. The data requested in the worksheets are often
considered proprietary by potential suppliers of data. The method used to
collect and review data provides each supplier the opportunity to review the
aggregated average data calculated from all data supplied by industry. This
allows each supplier to verify that their company’s data are not being
published, and that the averaged data are not aggregated in such a way that
individual company data can be calculated or identified.

Objectivity. Each process is researched independently of all other
processes. No calculations are performed to link processes together with the
production of their raw materials until after data gathering and review is
complete. The procedure of providing the aggregated data and
documentation to suppliers and other industry experts provides several
opportunities to review the objectivity of the research. This process serves as
an external expert review of each process. Also, because these data are
reviewed individually, assumptions are reviewed based on their relevance to
the process rather than on thei. effect on the overall outcome of the study.

Sources. Some data for this study were developed specifically for this
project. The study also relies upon the existing FAL database of LCI data for
products and processes. This database has been developed over a period of
vears through research for many LCI projects.

One advantage of this database is that FAL research has been conducted
for many products and processes, so that the database reflects a broad range of
expertise, rather than expertise on a single product type at the expense of
other types of products. For example, if a producer of plastic products were to
commission a study, the sponsor could supply high quality data for the
production of those plastic products. However, it may be much more difficult
to obtain the same quality data for a material not produced by the sponsor.
Because of the large number and wide variety of studies which have
contributed to the database, uniform data quality can be achieved.

Another advantage of the database is that it is continually updated.
The primary sources used for the necessary revisions to the existing database
are technical literature, government pubhcatlons published industry statistics
and personal interviews with industry representatives. Franklin Associates
continually improves its extensive database by pursuing industry input for all
types of manufacturing processes.

Throughout this report, Franklin Associates, Ltd. is usually shown as
the scurce of information for the summarized results. In most cases, a single
summary table may have been developed from raw industrial data obtained
from 100 or more specific sources. The comprehensive appendix to this
report presents the basic industrial data and each specific source.
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The source of data used for each packaging system is discussed in the
pertinent chapter of this report.

Fuel Data

The energy and emissions released when fuels are burned are only one
part of the energy and emissions associated with the use of a fuel. Before each
fuel is usable, it must be mined, as in the case of coal or uranium, or extracted
from the earth in some manner. Further processing is often necessary before
the fuel is usable. Coal is crushed or pulverized and sometimes cleaned.
Crude oil is refined to produce fuel oils and liquefied petroleum gases. Raw
natura! gas is desulfurized, cleansed, and adjusted in composition to meet
pipeline standards.

To avoid confusion regarding environmental emissions from the
combustion of fuels and emissions resuiting from the fuel production
process, it is necessary to define terms to describe the different emissions.
The combustion products of fuels are defined as “combustion data.”
Emissions which result from the mining, refining, and transportation of
fuels are defined as “precombustion data.” Precombustion data and
combustion data together are referred to as “fuel-related data.”

Fuel-related data are developed for fuels that are burned directly in
industrial furnaces, boilers, and transport vehicles. Fuel-related data are also
developed for the production of electricity. These data are assembled into a
database from which the energy requirements and environmental emissions
for the production and combustion of process fuels are calculated.

For electricity production in the United States, federal government
statistical records provided data for the amount of fuel required to produce
electricity from each fuel souzce, and the total amount of electricity generated
from petroleum, natural gas, coal, nuclear, nydropower, and other (solar,
geothermal, etc.). Literature sources and federal government statistical
records provided data for the emissions resulting from the combustion of
fuels in utility boilers, industrial boilers, stationary equipment such as pumps
and compressors, and transportation equipment. Because electricity is
required to produce primary fuels, which are in turn used to generate
electricity, a circular loop is created. Iteration techniques are utilized to
resolve this loop.

For electricity production in Mexico, M.R. Servicios de Fomento
Industrial S.A. de C.V. compiled data for energy sources and emissions from
public data of Comision Federal de Electricidad. These same data for
emissions from utility boilers were used to estimate the emissions from
industrial boilers. M.R. Servicios de Fomento Industrial S.A. de C.V. also
collected the data for the combustion energy content of fuels in Mexico.

1-29
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Data Accuracy

An important issue in considering the use of this study is the reliability
of the calculations. In a complex study with literally thousands of numbers,
the accuracy of the data and how it affects conclusions is truly a complex
subject, and one that does not lend itself to standard error analysis techniques.
However, it is possible to estimate the reliability of the study results in other
ways.

-

One important aspect of data accuracy is the way each number affects
the study results. In some cases, each number contributes very little to the
total value, so a large error in one data point does not necessarily create a
problem. It is assumed that with careful scrutiny of the data any errors will be
random. That is, some numbers will be a little high due to errors, and some
will be slightly low, but in the summing process these errors cancel out. For
process steps that make a larger than average contribution to the total, special
care is taken with the data quality.

Conversely, certain numbers do not stand alone, tut rather affect
several numbers in the system. An example is the amount of a raw material
required for a process. This number will affect every step in the production
sequence prior to the process. Errors such as this that propagate backward
throughout the system are more significant in steps that are closest to the end
of the production sequence.

This was the first attempt to gather national data for environmental
life cycle studies in Mexico. The readers should be aware that, because of the
complexity of a national data procurement effort, there are inevitable data
quality problems which result from incomplete reporting in any first effort of
this type. More time is required to correct those problems. For the systems
studied in this project, most of the energy required and the emissions
produced are from manufacturing operations. However, at best, for any
manufacturing system producing goods in Mexico, data were received from
only one or two producers with operations in Mexico. This may be very poor
statistical coverage in some cases where there may be as many as dozens of
producers in operation in Mexico. The number of producers responding is
reported in each succeeding chapter of this report.

The data received from Mexican producers were compared to average
U.S. values for validation, but further sources for verification of the
reasonableness of data could not be found. In many cases, no data were
obtained from operations in Mexico, so U S. average data were used as a
surrogate. This includes solid waste data for which there was no Mexican
information available. While basic manufacturing processes in Mexico may
be similar to processes in the U.S., there are no data suggesting that poliution

1-30
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controls are the same, which may lead to indeterminate errors incurred by
using U.S. data as surrogates for manufacturing in Mexico. Therefore,
validity of any conclusions drawn from analyses based upon these data need
to be viewed with the data quality problems in mind.

PRESENTATION OF RESULTS

The geographical scope for this study includes the production of
materials in more than one country. One of the objectives of this analysis is
to inventory the resource usage and environmental emissions that occur in
Mexico and countries that supply raw materials to Mexico. Therefore, results
are reported according to country.

The energy requirements and environmental emissions for
manufacturing operations and the amounts of postconsumer solid waste
resuiting from disposal of the packaging systems are presented separately
from the energy requirements and fuel-related emissions for collecting and
landfilling postconsumer solid waste. Data for postconsumer solid waste
collection and landfilling are based solely or data for the solid waste disposal
system in the United States. It is not known if this system is representative of
the disposal system in Mexico. Due to the unknown applicability of these
data, they are not combined with other life-cycle data.

Energy Requirements

The quantities of energy which result from the entire life cycle of the
products examined in this study have been totaled by country. The various
types of energy are converted to Gigajoules so that they may be summed in
various categories. Energy requirements are presented as total energy values
that include beth combustion and precombustion energy requirements.

Energy usage for each system is categorized as “process energy,”
“transportation energy” or “energy of material resource.” Process energy
includes all fuel and energy requirements for production. This category
includes all purchased fuels and electricity, and fuels used for self-generated
electricity or purchased steam. Transportation energy includes all energy
expended in transporting raw and intermediate materials to the next step in
the production sequence. The energy of material resource was defined
previously in this chapter.

The Gigajoule values for fuels and electricity consumed for each
package are also summed and categorized into an energy profile according to
the seven basic energy sources listed below:

. Natural gas
o Petroleum
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Coal

Hydropower

Nuclear

Wood-derived (self-generated power and steam in pulp mills)
Other (including geo-thermal, solar, wind, etc.)

Each system'’s energy profile includes the Gigajoule values for all
transportation steps and all fossil fuel-derived feedstock materials, as well as
the process energy.

Environmental Emissions

Environmental emissions include solid wastes, air emissions, and
waterborne emissions. The scope of this analysis is to identify where and
what emissions are generated through a cradle-to grave analysis of the
svsiems being examined. No attempt has been made to determine the
relative environmental effects of these pollutants.

The quantities of solid waste generated from the entire life cycle of the
products examined in this study have been totaled. The individual categories
of atmospheric and waterborne emissions have not been totaled because it is
widely recognized that various substances emitted to the air and water differ
greatly in their effect on the environment.

Solid Wastes. Solid waste is categorized as process waste, fuel waste or
postconsumer waste. Process waste is industrial waste that is produced
during the manufacture of the product. Process-related industrial solid
wastes include: wastewater treatment sludges; trim scrap, off-spec product and
unused raw materials that are not recycled; packaging used to deliver raw
materials that is not re-used or recycled; and mineral extraction wastes.
Postconsumer solid wastes are the packaging materials that are disposed by
consumers after they have fulfilled their use. The packaging is adjusted to
account for recycled content and recovery rate of the containers. Fuel-related
solid wastes include: solids collected in air pollution control devices, fuel
combustion residues such as the ash generated by burning coal or wood, and
industrial waste generated during the production of the fuel (precombustion
solid waste).

Solid wastes in each category are presented in both kilograms and cubic
meters of waste and represent materials under landfill conditions. The
volume data are important when considering land disposal because landfills
are filled on a volume basis. Landfill densities were taken primarily from a
study performed by Franklin Associates, Ltd. for the United States
Environmental Protection Agency (EPA), Characterization of Municipal Solid
Waste in the United States: 1992 Update. Landfill densities were also obtained
from other landfill density studies performed by Franklin Associates in
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cooperatior with The Garbage Project of the University of Arizona’s
Archeology Department, including Estimate of the Volume of MSW and
Selected Components in Trash Cans and Landfills, February 1990. Landfill
densities for the primary containers in this study are presented in Appendix Q.

Atmospheric Emissions. Atmospheric emissions are categorized as
process or fuel-related emissions. Process emissions include all atmospheric
pollutants produced during the manufacture of a product that are not the
result of the combustion of a fuel. Fuel-related emissions include all
emissions from the combustion of a fuel source. Included in the fuel-related
emissions are emissions from the generation of electricity and all emission
resulting from production of the fuel source (pre-combustion emissions).

Emissions include all substances classified as pollutants. Emissions are
reported as kilograms of pollutant per 100,000 units of product output.
Where control devices exist, the amounts reported represent actual discharges
into the atmosphere after existing emission control devices. The emissions
associated with the combustion of fuel for process cr transportation energy as
well as the process emissions are included in the analysis.

Waterborne Emissions. Waterborne emissions are categorized as
process or tuel-related emissions. Process emissions include all waterborne
pollutants produced during the manufacture of a product that are not the
result of the combustion of a fuel. Fuel-related emissions include all
emissiors from the combustion of a fuel source. Included in the fuel-related
emissions are emissions from the generation of electricity and all emission
resulting from production of the fuel source (pre-combustion emissions).

As with atmospheric emissions, waterborne wastes include all
substances classified as pollutants. Waterborne wastes are reported as
kilograms cf pollutant per unit of product output. The values reported are
the average quantity of pollutants still present in the wastewater stream after
wastewater treatment, and represent discharges into receiving waters.
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Chapter 2

ENERGY AND ENVIRONMENTAL RESULTS FOR ALUMINUM
BEVERAGE CONTAINERS

INTRODUCTION

This chapter provides a summary of the energy requirements and
environmental emissions for the production, recycling and disposal of aluminum
beverage containers in Mexico. The basis for the results presented in this chapter
is 100,000 aluminum containers. Supporting data for this chapter are presented
in Appendix C of the separately bound Appendix document.

The aluminum cans analyzed in this study are assumed to contain 51.6
percent postconsumer recycled aluminum. This aluminum is recycled in a
closed-loop system. Therefore, the recovery rate is assumed to equal 51.6
percent. To complete this closed-loop system, containers are collected in Mexico
and transported to the United States to be remelted, cast into ingots and rolled
into aluminum sheet.

DATA SOURCES

Data for the production of primary and secondary aluminum sheet in the
United States were taken from Franklin Associates’ database. This information
was reviewed by representatives of the aluminum industry in the United States
for this study, and updated according to their suggestions.

Data for the production of aluminum cans were provided by two of the
three aluminum can manufacturers in Mexico. These two aluminum can
producers represent approximately 80 percent of the aluminum can market.
Each producer supplied data that were averaged considering all the producer’s
facilities. The data were then aggregated for this analysis.

RESULTS AND DISCUSSION
Manufacturing Energy Requirements

Table 2-1 presents the energy requirements for the manufacture of 100,000
aluminum containers. The energy usage is categorized by country.

Process energy accounts for about 85 percent of the total energy for the
system; 80 percent of this energy is used in the United States.
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Transportation energy accounts for an additional nine percent of the total
energy. Transportation energy is divided about equally between the United
States and Mexico (transportation energy categorized under the United States
also includes the transportation of raw materials used to make aluminum sheet
from their country of origin, including Canada, Jamaica, Australia and Guinea).

Only six percent of the total energy for the container is classified as energy
of material resource. This energy represents the coal and petroleum-based coke
and pitch used during aluminum smelting.

Table 2-2 presents the energy profile for production of aluminum
beverage containers. The energy profile for the United States is influenced the
most by the fuel requirements for the production of electricity used for
aluminum smelting.

Natural gas represents the largest energy source for can production in
Mexico. About 35 percent of the energy used in Mexico for aluminum can
production comes from this energy source.

Manufacturing Environmental Emissions

Solid Waste. Table 2-3 presents the solid waste for manutacturing 100,000
aluminum beverage containers. Included in this table is the postconsumer solid
waste generated from disposal of containers that are not collec’.d fcr recvcling.

Process solid waste accounts for about 50 percent of the total solid waste
weight and about 24 percent of the total solid waste volume. The process solid
waste is produced in the United States and in countries supplying materials to
the U.S. A large portion of this solid waste comes from refining bauxite to
produce alumina.

Fuel-related solid waste makes up 27 percent of the solid waste weight
and 13 percent of the solid waste volume.

Postconsurmer solid waste accounts for 24 percent of the solid waste
weight and about 63 percent of the solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric and
waterborne emissions for manufacturing aluminum beverage containers are
presented in Table 2-4a and 2-4b, respectively.

Most of the atmospheric emissions for operations in Mexico are fuel
related. These emissions are a result of production anci combustion of fuels to
produce energy for manufacturing operations and transportation of raw
materials and finished products.

2-3
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SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000
ALUMINUM BEVERAGE CONTAINERS

Process Wasle

Table 2-3

Fuel Waslte

Posiconsumer Wasle

Total Sotld Waste

kg cubic meter g cubic meter ky cubic meter kg cuble ineter
') Aluminum Beverage Containers
(¥
United States 1,511 1.89 H3i6 .04 2,347 2.93
Mexico 727 0091 33.6 0.042 758 5.11 H64 524
Tatal Solid Waste 1,584 1.98 870 1.0v 758 S.11 3,2)2 817

Source: Franklin Associates, 1.d.
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Table 24a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
ALUMINUM BEVERAGE CONTAINERS

{Emissioas per 100,000 items)
United States Mexico
Process Fuel Touwal Process Fael Total
Atmospheric Emissions tkg)

Particulates 310 127 5.7 1065 L S 261
Nitrogen Oxides O org 0.1 03 3 335
Hydrocarbons plhry 5.0 333 poty 353 59
Suifur Oxides 123 5.0 RCR %7 67
Carbor Monoxide 763 15.4 b B el i+l
Aldehydes 0.0i1 2.0 1l 9.10 0.20
Methane 0.086 3086 IS .45
Other Organics 14 s +23 +.2%
Kerosene 0.0015 00015 3B 58E-)5
Ammonia 0.0077 0.0020 2.0097 0.013 10022 3013
Lead 33E07 9.0019 0.0019 1.0014 J.0014
Hydrogen Fluonde 108 1.33

Fossil Carbon Dioxide LI40 10059 Ll 35353 3333
Hydrogen Chioride +1E05 5905 9.9E4)5 3.4E-)5 5.4E-05
Mercury 33E05 3.1E-05 1.IE-H TTE-:S TTE-S
Chiorine 3.3E-05 33E-)5 3011 2.01%
Chromium Compounds 0.0047 3.0047 J.0011 0.0011
Manganese Compounds 3.0076 0.0076 2.001: 0.0014
Nickel Compounds 2.0047 20047 :).0068 J.0063
Anamonyv 1L4E-H L4E-1
Arsenic 0.005 ).0023 2.4E-)4 9.4E-34
Bervilium Z7E-M TE-H 5.1E<)5 9.1E«)3
Cadmium 33E-H 3.3E-H
Cobalt 13E-04 13EC4 +.0E-H 40E-H
Seleruum 5.0E-5 39E5 L.3E-H 13E-H
Sulfuric Acd 103 103
Nazo2 9.2EJ5 9.2E-25
KO2 J.ZE45 3.2E-)5
V205 9 2E05 9.2E43

Source: Franklin Assoaates, Ltd.
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Table 2-1b

SUMMARY OF WATERBORNE EMISSIONS FOR
ALUMINUM BEVERAGE CONTAINERS

{Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions Emissions Emissions Emissions Emissions
Waterborne Caussions (kg)

Acd 0.:7 43E07 .17 17897 +EO7
Metal [on 341 0.0091 342 0.0089 0.0089
Dissolved Solids 3.3 333 9.:8 249 939 244
Suspended Solids 2190 0.0049 na 013 0032 0.16
30D 19 00085 1.19 011 0.11
coD A 0.025 1+.1 0.98 Q.18 1.16
Phenol 14E-04 30E05 1.7E-M 0.0020 3.0020
Suifides 93E-2% 93E-06 0.0011 30011
Qil 3 0.099 759 034 0.12 046
Sulfunc Acd 317 517 0.10 a.1¢
fron 0044 1.29 134 . 6JE45 0026 2025
Ammorua 0.081 5.9E-04 0.082 0.018 0.018
Chromium 1.2E-% 1.7E06 29E-06 0.0055 26E-04 0.0055
tead 5.3E07 T3EOT 13E96 0.0009 S4E07 2.0069
ZIinc 7.3E-06 L1EQS 1.9EQ5 0.031 12E05 9.031
Fluorides 024 0.23 Q.037 9037
Cvanide 27E-H 27E-H4 0.0041 0.0041
Aluminum 0.10 0.10
Nickel 5.0E-38 5.0E408 0.019 92019
Mercury 3.1E-)8 9.1E4)8 6.2E-05 5.2E05
Phosphates 151 i.51
Arsenic 3.5E-4 3.5E-M

Source: Frankiin Assocates, Ltd.
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Atmospheric hvdrocarbon emissions are produced during the can
production step. Presumably, these emissions are a result of solvent evaporation
from varnish application and can painting. These emissions may not be typical
for can production operations that do not use solvent-based varnishes and
paints. However, it is not known what percentage of the can producers in
Mexico use solvent-based vamishes and paints.

Many of the waterborne emissions in Mexico are process related. Data
supplied by producers in Mexico reported these emissions for the can body
production step.

Disposal Energy and Environmental Emissions

Table 2-5 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer aluminum beverage
cans that become solid waste (cans that are not collected for recvcling). This
equipment is assumed to use diesel as a fuel source; therefore, this energy is
derived from petroleum.

The fuel-related environmental emissions for the operation of packer
trucks and landfill equipment to dispose of postconsumer aluminum beverage
cans that become solid waste are presented in Tabie 2-6.
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Table 2-5

ENERGY REQUIREMENTS FOR DISPOSAL OF ALUMINUM
BEVERAGE CONTAINERS
(gigajoules for units disposed per 100,000 items)

Packer Landfill Total

Truck Equipment Disposal

Energy Energy Energy
Alumnum Beverage Containers a.29 2.18 047

Source: Frankiin Associates, Ltd.




Table 2-6

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF ALUMINUM BEVERAGE CONTAINERS

(Emissions for unity disposed per 100,000 items)

Landfill Total
Packer Truck Equipment Disposal
Atmosphenc Enussions (kg)
Parculates 0927 0.017 1044
Nitrogen Oxades 337 12 933
Hvdrocarbons 2.093 Q057 J.15
Sulfur Oxides J.087 3052 214
Carbon Monoxde Q.12 201 119
Aldehvdes 30055 0.0034 3.0091
Methane +0GE-5 ITHE-S EETED ]
Other Organcs 2..3E97 3.T1E07 I REI7
Kerosene 1.99E-18 120E-38 3.ISE-)8
Ammorua 35€E-)5 L3SE-JS +39E5
Lead JBE-¥ 1.23E4%6 3.28E-6
Fossil Carbon Cioxide ) 123 359
Hydrogen Chionde 338E-7 S44ET L+1E06
Mercury 567E-18 +HE08 LR
Thlorme 1.38E435 I5TEI6 SXE45
Chromuum Comyp: weds 3367 357E-TT 33TEGT
Manganese Compounds 6.16E-17 3.5E-) IHEQT
Nickei Compounds 3.09E-)%6 369E-%6 ITIE-6
Antmony 1 2 g TI5E8 ML) 74
Arseruc 39E 229E-17 2.0SET
3eryilium 3.15E-18 1I1E-18 337208
Cadmuum +99E-37 IS4ENT "35E-T
Cobait 3TIEAT 13587 InET
Selenium L45E7 3.04E-)8 .87
Sulfunc Aad I89E-R 5.9E-1 1 01e
Naz0o2 205807 3077 E i -0 rg
xc2 9.05E-)" 367ENT E nd 2 g
V205 3.05E-)7 J.07E-)T P rg
Solid Waste 'kg) 0.035 0.02: 1350
Solid Waste «cu m) +.26E-)3 154E-05 T00E4S
‘Waterborne Equssions (kg}
Acd 9.61E-19 +01E+¥ L.J6E-13
Metai {on 123E-M T 33E45 2.J0E-4
Dissoived Solids 1.0054 0.0033 0087
Suspended Solids 147E-1 LT1E-H T.8E-1
80D 1.0013 9.00E-}4 10024
COoD 30025 100135 10040
Phenoli 2.79E-)5 1.69E-)5 4.472-)5
Sulfides 131E-)5 3.14E406 TES5
Gil 3.001s 3.15E-4 10024
Sulfunic Aad 3IHES LI4E5 338E-15
[ron L13E4)5 8.83E-36 L31E-)5
Ammorua 135E-M4 135E-04 4..CE-H
Chromuum 3.60E-36 118E-0 3.73E<6
Lead LITE8 T10E-9 1.382-18
Zinc L72E-7 L.C4E-T 176EN7

Source: Sranklin Associates, _:d.
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Chapter 3

ENERGY AND ENVIRONMENTAL RESULTS
FOR PAPER PACKAGING

INTRODUCTION

This chapter provides a summary of tne energy requirements and
environmental emissions for the production, recycling and disposal of the
following packaging materials in Mexico:

Bleached semi-kraft paper sacks for corn flour
Multi-layered unbleached semi-kraft paper sacks for cement
Clay-coated paperboard folding-carton cereal boxes
Corrugated paperboard boxes and separators for eggs

The basis for the results presented in this chapter is 100,000 packaging units.
Supporting data for the paper sacks for corn flour and cement are presented in
Appendix D of the separately bound Appendix document. Supporting data for

the folding-carton cereal box and corrugated egg box are presented in Appendix
G.

The paper packaging products examined in this study are produced in
Mexico from recycled paper (both postindustrial and postconsumer) produced in
the United States and Mexico. The recovery rate for bleached paper sacks is
assumed to equal the estimated recovery rate for bleached paper products (15
percent). Postconsumer bleached paper flour sacks that are recovered for
recycling are assumed to be recycled back into bleached paper sacks, thus
establishing a closed-loop system. However, the raw material requirement for
postconsumer recycled paper into bleached paper production in Mexico is
greater than the quantity of bleached paper sacks recovered at this rate.
Therefore, the remaining postconsumer inputs to bleached paper production are
assumed to be obtained from virgin postconsumer material (virgin paper that has
seen one use), thus establishing an open-loop recycling system for the remaining
postconsumer paper requirements.

The recovery rate for the clay-coated paperboard box is assumed to equal
the estimated recovery rate for paperboard products (13 percent). Recovered
cereal boxes are assumed to be recycled back into cereal boxes, thus establishing
a closed-loop system. The remaining postconsumer material needed to produced
clay-coated paperboard is supplied by recovered old corrugated containers. This
portion of the cereal box is not recovered; thus, it is assumed to be in an open-
loop recycling system. Old corrugated containers used to produce clay-coated
paperboard are assumed to be produced in Mexico.
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The recovery rate for the cement sack is assumed to be zero due to
potential problems with re-pulping equipment caused by residual product in the
sack.

The recovery rate for corrugated containers is assumed to be as high as the
postconsumer recycled content of the corrugated material collected in Mexico
that is used to make the containers. Therefore, this material is assumed to be in a
closed-loop system.

DATA SOURCES

Data for the production of postindustrial material imported into Mexico
from the United States were take from Franklin Associates’ database. Data for
the production of corn in the United States were also taken from this database
(corn is used to make starch adhesive in Mexico).

Data for the production of bleached and unbleached semi-kraft paper
were derived from data provided by one producer in Mexico. Data for the
production of clay-coated paperboard and cereal box converting were also
derived from data provided by one producer in Mexico. Data for the production
of recycled medium and liner used for the production of corrugated boxes were
derived from data supplied by two producers in Mexico.

Data for the production of com flour sacks, cement sacks and starch
adhesive in Mexico were estimated from data in Franklin Associates’ database.
These data were collected from production operations in the United States. Data
for the production of corrugated paperboard were also taken from this database;
ho'vever, the amounts of liner and medium used to manufacture the paperboard
were estimated from information supplied by sources in Mexico.

Data for the collection ot postconsumer paper and paperboard used to
manufacture recycled paper and paperboard in Mexico were estimated from
information supplied by producers in Mexico.

RESULTS AND DISCUSSION
Bleached Semi-Kraft Paper Flour Sacks

Manufacturing Energy Requirements. Table 3-1 presents the energy
requirements for the manufacture of 100,000 bleached semi-kraft paper flour
sacks. The energy usage is categorized by country.

Process energy accounts for about 90 percent of the total energy for the
system. About 63 percent of the process energy is used in the United States to
produce postindustrial recycled paper scrap. This postindustrial material is used
as a raw material for bleached semi-kraft paper production in Mexico.

3-2
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FRANMLIN ASSOCIATES, LTD.

Transportation energy accounts for the remaining ten percent of the total
energy. About 61 percent of the transportation energy is used in Mexico to
transport raw materials and finished products.

The energy of material resource for wood-derived materials is not
included in this analysis because wood is not used as a commercial fuel source in
most industrial countries. Therefore, the energy of material resource for this
system is reported as zero.

Table 3-2 presents the energy profile for production of bleached semi-
kraft paper flour sacks. About 40 percent of the energy used in the United States
is categorized as wood energy. This energy is used during the production of
virgin paper products. Postindustrial recycled materials from these operations
are used as raw materials for bleached semi-kraft paper production in Mexico.

Natural gas and petroleum represent the largest energy sources for
bleached semi-kraft paper sack production in Mexico. About 89 percent of the
energy used in Mexico for this system comes from these energy sources.

Manufacturing Environmental Emissions

Solid Waste. Table 3-3 presents the solid waste for manufacturing
100,000 bleached semi-kraft paper flour sacks. Included in this table is the
postconsumer solid waste generated from disposal of packaging that is not
collected for recycling.

Process solid waste accounts for about 14 percent of the total solid waste
weight and about 10 percent of the total solid waste volume. About 55 percent of
the process solid waste is produced in the United States.

Fuel-related solid waste makes up 15 percent of the solid waste weight
and nine percent of the solid waste volume.

Postconsumer solid waste accounts for 69 percent of the total solid waste
weight and about 81 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric
and waterborne emissions for manufacturing bleached semi-kraft paper flour
sacks are presented in Table 3-4a and 3-4b, respectively.

Most of the atmospheric emissions for operations in Mexico are fuel
related. These emissions are a result of production and combustion of fuels to
produce energy for manufacturing operations and transportation of raw
materials and finished products.

3-4
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Table 3-3

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000
BLEACHED SEMI-KRAFT PAPER FLOUR SACKS

Process Waste Fuel Waste Postconsumer Waste Total Solid Waste
kg cubic meter kg cubic meter kg cubic meter kg cubic meter
Flour Sacks
United States 165 0.21 239 0.30 404 0.50
Mexico 133 0.17 51.0 0.064 1,335 3.04 1,519 327
Total Solid Waste 2yl 0.37 290 0.36 1,335 3.4 1,922 3.77

Source: Franklin Associates, 1.td.




Table 3-1a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
BLEACHED SEMI-KRAFT PAPER FLOUR SACKS

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions  Emissions Emissions  Emissions Emissions
Amnospheric Emissions (kg)

Particulates 031 6.16 6.47 13 232
Nitrogen Oxides 126 126 105 105
Hyvdrocarbons 025 9.3 9.48 197 19.7
Sulfur Oxides .12 163 173 393 393
Carbon Monoxide 2438 248 8.69 8.69
Aldehvdes 3 35E-04 141 141 0.12 912
Methane 0.022 0.022 0.039 0.039
Other Organics 138 138 283 2385 311
Xerosene 1.69E-04 1.69E-04 9.01E-05 9.01E-)5
Ammonia 251E04 0.0019 0.0022 0.0024 J.0024
Lead 3.99E-04 5.99E-)4 0.0013 0.0013
Fossul Carbon Dioxide 3,072 3072 3542 3542
Non-Fossil Carbon Dioxide 10.3 2581 2592
Hvdrogen Chloride 5.70E-05 3.70E-05 6.94E-05 6.94E-05
Mercury 8.31E05 +.94E-05 1.18E-4 1.14E-04 1.14E-04
Chlorine +01EQ5 101EQ5 0.017 3.017
QOdorous Suifur 1.15 115
Chromium Compounds 0.0012 0.0012 0.0016 3.0016
Manganese Compounds 0.0017 0.0017 0.0022 0.0022
Niciel Compounds 0.0039 1.0039 0.010 0.010
Antimony 207E-04 207E-4
Arsenic 6.14E-04 6.14E-04 9.68E-4)4 9.63E-)4
Bervilium 6.59E-05 8.39E-05 9.30E-05 $.30E-)5
Cadmium 8.33E-04 8.53E-4
Cobalt 2111E-04 211E-04 3.85E-04 3.35E-)4
Seleruum $.09€E-05 8.09E-5 2.2SE-M 235E-4
Sulfuric Acid 131 1.31
Naz02 7.69E-05 7 69E-)5
KO2 7.69E-05 7.69E-05
V203 7.69E-05 7.69E-)5

Source: Franklin Assoqates, L:d.
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Table 3-ib

SUMMARY OF WATERBORNE EMISSIONS FOR
BLEACHED SEMI-KRAFT PAPER FLOUR SACKS

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions Emissions Emissions  Emissions Emissions
Waterborme Emussions (kg)

Aad 0.39 419807 0.39 5.11E47 5.11E07
Metal fon 0.0089 J.0089 0.0096 0.0096
Dissolved Solids 0.60 5.08 508 0.15 0.42 Q37
Suspended Solids 532 0.0047 2.33 3.00 0.055 6.03
80D +.09 0.0052 109 0.022 0.i1 (1381
CcCD 109 0.024 111 0.093 0.19 .28
Phenol 9.85E-77 2388E-05 298E-)5 0.0022 0.0022
Suifides 1.39E4)5 1.39E-5 0.0012 0.0012
(0,11 0.0016 0.067 2.069 0.013 0.13 0.13
Suifuric Aad 1.08 108 0.16 0.16
Iron 0.7 0.27 0.040 0.040
Ammorua 3.74E-04 6. 4E- 14 0.020 0.020
Chromium 1.67E-06 1.67E-26 278E-4 273E-04
Lead 1.02EQ07 7A3E07 $.43E-)7 9.06E07 9.06E-)7
Zinc 1.02E07 1L.OSENS 1.10E-)5 1.33E05 1.33E-05
Cvanide 1.29E4)5 1.29E-)5
Alkalinity 1.99E-06 1.99E-06
Nickel 1.02E97 1.02E97
Mercury 1.36E407 1.36c-37

Source: Frankiin Assocates, Ltd.
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Emissions classified as “other organics” are produced during the sack
production step. Data for this step were estimated from data provided by sack
producers in the United States; however, the source of these emissions is not
evident from available informatior. If these data are not representative of
operations in Mexico, the emissions classified as “other organics” will not be
accurate.

The majority of the process waterborne emissions in Mexico are released
during the production of bleached semi-kraft paper used to manufacture the
flour sacks.

Unbleached Semi-Kraft Paper Cement Sacks

Manufacturing Energy Requirements. Table 3-5 presents the energy
requirements for the manufacture of 100,000 unbleached semi-kraft paper cement
sacks. The energy usage is categorized by ccuntry. Process energy accounts for
about 87 percent of the total energy for the system. About 33 percent of the
process energy is used in the United States to produce postindustrial recycled
paper. This postindustrial material is used as a raw material for unbleached
semi-kraft paper production in Mexico.

Transportation energy accounts for the remaining 13 percent of the total
energy. About 74 percent of the transportation energy is used in Mexico to
transport raw materials and finished products.

The energy of material resource for wood-derived material is not included
in this analysis because wood is not used as a commercial fuel source in most
industrial countries. Therefore, the energy of material resource for this system is
reported as zero.

Table 3-6 presents the energy profile for production of unbleached semi-
kraft paper cement sacks. About 50 percent of the energy used in the United
States is categorized as wood energy. This energy is used during the production
of virgin paper products in the United States. Postindustrial recycled materials
from these operations are used as raw materials for unbleached semi-kraft paper
production in Mexico.

Natural gas and petroleum represent the largest energy sources for
bleached semi-kraft paper sack production in Mexico. About 39 percent of the
energy used in Mexico for unbleached paper sack production comes from natural
gas and about 49 percent comes from petroleum.
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‘Table 3-5

ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 MULTI-LAYERED UNBLEACHED
SEMI-KRAFT PAPER CEMENT SACKS

Process Energy Transporiation Energy Energy of Material Redource Total Energy
Percent Percent Percent Puercent
Gl of Total ) of ‘Tutal GJ of Total G) of Total
Paper Cement Sacks E
United States 396 YWY 459 10% 442 100% E
p
Mexico 793 86% 130 14% 923 100% c
Total Energy 1,189 B7'% 176 13% 1,365 100%

Sowrce: Fraoklin Associates, 1.,
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Manufacturing Environmental Emissions

Solid Waste. Table 3-7 presents the solid waste for manufacturing
100,000 unbleached semi-kraft paper cement sacks. Included in this table is the
postconsumer solid waste generated from disposal of the packaging.

Process solid waste accounts for about 10 percent of the total solid waste
weight and about six percent of the total solid waste volume. About 83 percent
of the process solid waste is produced in Mexico.

Fuel-related solid waste makes up eight percent of the solid waste weight
and three percent of the solid waste volume.

Postconsumer solid waste accounts for 82 percent of the total solid waste
weight and about 91 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric
and waterborne emissions for manufacturing unbleached paper cement sacks are
presented in Table 3-8a and 3-8b, respectively.

Most of the atmospheric emissions for operations in Mexico are fuel
related. These emissions are a result of production and combustion of fuels to
produce energy for manufacturing operations and transportation of raw
materials and finished products.

Emissions classified as “other organics” are produced during the cement
sack production step. Data for this step were estimated from data provided by
sack producers in the United States; however, the source of these emissions is not
evident from available information. If these data are not representative of
operations in Mexico, the emissions classified as “other organics” will not be
accurate.

The majority of the process waterbome emissions in Mexico are released
during the production of unbleached semi-kraft paper used to manutacture the
cement sacks.

Ciay-Coated Paperboard Folding Carton Cereal Boxes

Manufacturing Energy Requirements. Table 3-9 presents the energy
requirements for the manufacture of 100,000 clay-coated paperboard cereal
boxes. The energy usage is categorized by country.




Table 3-7

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000
MULTI-LAYERED UNBLEACHED SEMI-KRAFT PAPER CEMENT SACKS

Process Waste Fuel Waste Postconsumer Waste Total Solid Waste
o kg cubic meter kg cubic meter kg cubic meter ky cubic meter
:“j Paper Cement Sacks
W
United States 570 0.71 1,611 (.84 2,181 1.55
o Mexico 2,844 3.55 1,073 1.34 28,500 64.9 32,417 69.8
, Total Solid Waste 3414 4.26 2,684 2,18 28,500 64.9 34,598 714

Sourve: Franklin Assuociates, Lad.
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Table 3-8a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
MULTI-LAYERED UNBLEACHED SEMI-KRAFT PAPER CEMENT SACKS

({Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions  Emissions Emissions Emissions Emissions
Atmophernic Ermussions (kg)

Particulates 782 3.6 513 79 329 09
Nigogen Oxides 3.2E-04 20.1 0.1 211 ni
Hvdrocarbons 0.8 3 510 389 389
Sulfur Oxades 216 962 384 133 333
Carbon Monoxide it 187 171 I
Aldehvdes 0.0010 103 108 228 bl
Methane 2.12 Q.12 0.79 .79
Other Crganics + 9804 132 13.2 313 H0 367
Kerosene 0.0014 00014 2.0019 0.0019
Ammonia 2.0023 0.0063 00087 2.049 0.049
Lead 0.0025 30025 2.0 007
rossil Carpon Dioxide 15,481 13,481 70,933 70,933
Non-Fossd Carpon Dioxide 7.3 19.502 18,530
Hydrogen Chloride L37E-H 187E-4 0.0014 0.0014
Mercury +.79E-05 1LISE-4 1.o3E-34 0.0025 0.0025
Chlorine 3.0046 0.0046 035 033
Qdorous Sulfur d.36 .38
Chromuum Compounds 0.0063 0.0063 0.034 0.034
Manganese Compounds 0.010 g.010 0.047 0.047
Nickel Compounds 1.0069 0.0C59 922 0.2
Antimony 3.0045 2.0045
Arsenic 0.0031 0.0031 0.021 0.021
Beryllium 5.03E-M 3.63E-4 0.0020 2.0020
Cadmium 1.018 1).018
Cobait 116E-x. 1I6E-M 2.013 3.013
Selenium 3.31E-05 3.31E-)5 0.0049 0.0049
Suifunc Acid 326 3295
Na202 9.0016 0.0016
«“ 0.0016 0.0016
V2035 n.0016 2.0016

Source: Franilin Assocates, Lid.
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Table 3-8b

SUMMARY CF WATERBORNE EMISSIONS FOR
MULTI-LAYERED UNBLEACHED SEMI-KRAFT PAPER CEMENT SACKS

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions  Emissions Emissions  Emissions Emissions
Waterborne Emissions (kg)

Aad 3.3 1.37E-06 A3 1.06E5 1.J6E-)5
Metal [on 2.029 Ju29 3.20 0.20
Dissolved Solids 0.38 6.7 ir3 36.6 373 333
Suspended Soiids 54 0.015 354 163 2.1 170
30D 154 0.017 154 204 237 hand
COD 15.7 0.080 133 16.9 3.54 3.3
Phenol 1.30E-)% 9 43E05 9.62E-)5 204 J.044
Suifides 133E-)5 1.33E-)5 0.02¢ 2.024
Qil 2.0033 0.2 0.24 2450 25 3.29
Sulfuric Acid 5.91 e.31 3.39 3.39
ron 1.73 1.73 0.35 0.35
Ammornia 0.0022 2.0022 Q.41 0.41
Caromium 3.46€-06 5.46E-06 1.0057 3.0057
Lead 7.13E08 2 HE-06 131E% 1.37E-)5 L3TES
Zinc 7 15E08 33TEOS 3.38E-05 174E-04 IT4E-H
Cvanide ~48E05 Z.+8E05
.-\lkaiimty 3.34E-)6 3.31E-06
Nicket 7.15E08 T.ISE-)8
Mercury 1.31E47 L31ET
Phosphates 0.039 J.059
Nitrogen 211 n.1i
Pesticides 4.02E04 +.0E-24

Source: Franklin Assocates, Ltd.




Table 3-9

ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 CLAY-COATED
PAPERBOARD CEREAL BOXES

Vsucess Energy Teanspovtation Encigy Encrgy of Material Resource Total Encryy
Percent Percent Percent Percent
(] of Total Q) of Total GJ of Tutal ) of ‘Total
Falding Carnton Cercal Box
Unilted States 64.2 92'% 584 H%, 70.1 100%
Mexico 139 Yo'h 547 A% 145 J W4
‘Total Energy p uSse 11.31 5% 215 K%

Souree Franklin Associates, Dl




Process energy accounts for about 95 percent of the total energy for the
system. About 31 percent of the process energy is used in the United States to
produce postindustrial recycled paper. This postindustrial material is used as a
raw material for paperboard production in Mexico.

Transportation energy accounts for the remaining five percent of the total
energy. About 48 percent of the transportation energy is used in Mexico to
transport raw materials and finished products.

The energy of material resource for wood-derived material is not included
in this analysis because wood is not used as a commercial fuel source in most
industrial countries. Therefore, the energy of material resource for this system is
reported as zero.

Table 3-10 presents the energy profile for production of clay-coated
paperboard cereal boxes. About 51 percent of the energy used in the United
States is categorized as wood energy. This energy is used during the production
of virgin paper products in the United States. Postindustrial recycled materials
from these operations are used as raw materials for clay-coated paperboard
production in Mexico.

Natural gas represents the largest energy source for clay-coated
paperboard cereal box production in Mexico. About 94 percent of the energy
used in Mexico for cereal box production comes from natural gas.

Manufacturing Environmental Emissions

Solid Waste. Table 3-11 presents the solid waste for manufacturing
100,000 clay-coated paperboard cereal boxes. Included in this table is the
postconsumer solid waste generated from disposal of the packaging.

Process solid waste accounts for about 15 percent of the total solid waste
weight and about 10 percent of the total solid waste volume. About 75 percent of
the process solid waste is produced in Mexico.

Fuel-related solid waste makes up three percent of the solid waste weight
and one percent of the solid waste volume.

Postconsumer solid waste accounts for 82 percent of the solid waste
weight and about 89 percent of the solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric

and waterborne emissions for manufacturing clay-coated paperboard cereal
boxes are presented in Table 3-12a and 3-12b, respectively.
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SOLID WASTE BY WEIGITT AND VOLUME FOR MANUFACTURE OF 100,000
CLAY-COATED PAPERBOARD CEREAL BOXES

Process Waste

Table 3-11

Fuel Waste

hg cubic meter

Clay-Coated Paperboard Cereal Boxes

United States 319 .40
Mexico u76 1.22
Total Solid Waste 1,295 1.62

Source: Franklin Associates, 1.4d.

kg

253
10.8

264

cubic meter

0.17

.013

0.19

Postconsumer Waste

Tolal Solid Waste

T kg cubic rwler kg cubic meler
572 0.57
6,960 143 7,46 15.6
6,960 4.3 8,519 16.1



Table 3-12a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
CLAY-COATED PAPERBOARD CEREAL BOXES

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions  Emissiuns Emissions  Emissions  Emissions
Amospheric Emissions (kg)

Particulates 1.08 6.93 801 1.31 131
Nitrogen Oxides 0.065 133 136 147 147
Hyvdrocarbons . 0083 8.15 321 104 104
Sulfur Oxides 0.38 143 152 9.4 9.4
Carbon Monoxide ) 93 796 796
Aldehvdes 174E0¢ 74 174 0.089 0.089
Methane 0.020 0.020 0.18 0.18
Other Crganics 34E8 131 151 176 1.76
Kerosene 1.99E-34 1.99E-04 L.31E05 1.81E-05
Ammona 3.2EQS 3.64E-4 9.51E-04 9.50E-4 9.60E-04
Lead 3.90E-04 3.90E-04 3.70E-)4 3.70E04
Fossil Carbon Dioxide 1366 2366 13,783 13,783
Non-Fossi Carbon Dioxide 134 3.198 3212
Hydrogen Chioride 2.55E405 2.35E-05 233E-05 283E-05
Mercurvy 7.31E06 1.78E-05 Z36E-05 L57E05 157E0S
Chionne +.36E-26 4.56E-06 0.0036 0.0036
Qdorous Suifur 0.097 0.097
Chromium Compounds 9.73E-H 9.73E-}4 343E-04 343E-04
Manganese Compounds 0.0016 0.0016 +.36E-14 1.36E-04
Nickei Compounds 0.0011 0.0011 0.003 0.0023
Antimony 315807 5.158407 +.65E-05 +.69E-05
Arsenic +.36E-4 4+.86E-04 2.06E-04 206E-04
Bervilium 5.03E)5 5.63E405 1.96E-05 1.96E-05
Cadmium 3.28E-06 3 ZSE4)6 1.90E-4 1.90E-04
Cobait 336E-)5 336E-05 1.33E4 1.33E-)4
Seleryum 1.29E-)5 1.29E-)5 5.09E-05 3.09E-05
Sulfuric Aad 048 0.48
Naz02 243E-4 143E-M4
KO2 245E-4 243E-04
V205 243E-M4 243E04
Isopropyi Acetare 7.60 7.60

Source: Franilin Associates, Lid.
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Table 3-12b

SUMMARY OF WATERBORNE EMISSIONS FOR
CLAY-COATED PAPERBOARD CEREAL BOXES

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions  Emissions Emissions  Emissions Emissions
Waterborne Ermussions tkg)

Aad 0.13 1.38E07 J.23 208E-07 Z08E<)7
Metal Ien 0.0040 0.0040 J3.0039 0.0039
Cissolved Solids 0.097 229 238 170 0.17 m
Suspended Solids 181 0.0021 231 1.08 J.014 1.59
30D 146 0.0025 1.46 327 3.047 323
cOoD i-40 0.011 1.41 712 2078 13
Phenol 3.29E07 1.29E-)5 132E-)5 37TE-H 37E-4
Sulfides 2ITE6 1i7E96 212 4758 Q.12
Cil 350E-04 0.034 0.035 L4 013 1.9
Suifuric Acid 197 1.07 0.032 0.032
iron 0.0016 0.27 0.27 0.0082 0.0082
Ammonia 3.02E-04 3.02E-)4 0.0080 0.0C30
Chromuum 7.46E07 7.46E-07 L13E-04 LISE-H
Lead L17E-)8 332E07 3.HEO7 3.6%E-)7 5.09E47
Zinc 1.17E48 +.37E-06 4.38E-)6 3.41E-)6 5.41E<06
Cvanide 4+.29E-06 4.29E-06
Alkalirgerv 2.04E-07 3.04E4)7
Aluminum 0.23 9 Rt
Nickel LI7E08 LITE-)8
Mercury 2.13E-18 213E-)8
Phosphates S.HE-H 54HE-)4
Suifates 4.1 3!

Source: Franklin Assoqates, L:d.
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Most of the atmospheric emissions for operations in Mexico are fue!
related. These emissions are a result of production and combustion of fuels tc
produce energy for manufacturing operations and transportation of raw
materials and finished products.

The majority of the process waterborne emissions in Mexico are produced
during the production of clay-coated paperboard used to manufacture the cereal
box.

Corrugated Boxes and Separators for Eggs

Manufacturing Energy Requirements. Table 3-13 presents the energy
requirements for the manufacture of 100,000 corrugated boxes and separators for
eggs. The energy usage is categorized by country.

Process energy accounts for about 76 percent of the tctal energy for the
system. About 85 percent of the process energy is used to make the corrugated
box. Almost all of the total process energy (about 99 percent) is used in Mexico
to manufacture the boxes and separators. Processes energy in the United States
is used to produce corn (used for starch production) and to process the
postconsumer recycled paper products exported to Mexico.

Transportation energy accounts for the remaining 24 percent of the total
energy. A large portion of this energy is used to collect and transport
postconsumer corrugated material used to make the recycled medium and liner.

The energy of material resource for wood-derived materials is not
included in this analysis because wood is not used as a commercial fuel source in
most industrial countries. Therefore, the energy of material resource for this
system is reported as zero.

Table 3-14 presents the energy profile for production of paperboard cereal
boxes. No energy is categorized as wcod-derived because the corrugated

materials examined in this analysis are produced from postconsumer recycled
material.

Petroleum represents the largest energy source for production of
corrugated boxes and separators in Mexico. About 68 percent of the energy used
in Mexico for corrugated packaging production comes from petroleum.

Manufacturing Environmental Emissions
Solid Waste. Table 3-15 presents the solid waste for manufacturing

100,000 corrugated boxes and separators for eggs. Included in this table is the
postconsumer solid waste generated from disposal of the packaging.
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Table 3-13

ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 CORRUGATED BOXES
AND SEPARATORS FOR EGGS

Process Energy Transportation Energy Energy of Material Resource Total Energy
Percent Percent Percent Percent
GJ of Total GJ of Total GJ of Total GJ of Total
Corrugated Box
United States 10.0 25% 29.4 75% 394 100%
Mexico 1.003 77% 292 23% 1.296 100%
Total Energy 1,013 76% 322 24% 1,335 100%
Corrugated Separator
United States 1.69 264% 187 74% 6.56 100%
Mexico 179 78% 51.6 2% 231 100%
Total Energy 181 76% 56.5 A% 237 100%
Package Total ,
United States 11.7 25% 343 75% 46.0 100%
Mexico 1,182 77% ‘ 344 23% 1,526 100%
Total Energy . 1,194 76% 378 24% 1,572 100%

Source: Franklin Associates, Lid.
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ENERGY PROFILUES FOR MANUFACTURE OF 100,000 CORRUGATED BOXLES

Table 3-44

AND SEPARATORS FOR LGOS
(G per 100,000 Jteras)

Energy Profile
Natugal
Gas Petroleum Coal Uydrapuwer Nutlear Wuud Olner

Corrugated Box

Uuited Staies 1.48 3.2 4 60 0.22 121 0.15

Mexico 29 876 555 47.6 s 36.1

Tutal 251 9 601 47.8 326 36.2
Corrugated Separator

United States 0.25 520 0.76 (L6 0.24 0024

Meaico 443 156 V.Y 8.50 551 644

Total 4.5 16l 7 854 579 647
ackage Total

Uniled States 1724 3o 4 530 26 2.0 0.7

Meaico 294 1,032 655 56.1 6.4 42.5

Tutal 295 1,06y 704 56.4 K1, I 27

Source: Franklin Associates, Lid.

Talal
Lunergy

3u4
1,296

1,335

655
231

237

46.0
1,526

1,572
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Table 3-15

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000
CORRUGATED BOXLES AND SEPARATORS FOR EGCS

Process Waste Fuel Waste Postconsumer Waste Tolal Solid Waste
kg cubic meter ky cubic meter ky cubic meter kg

cubic meter

Corrugaled Boxes and Separalors

United States 47.6 0.059 80.5 0.6s 128 .066
Meiico 5,476 6.84 2,185 2.72 65,818 148 73,479 157
Total Solid Waste 5,524 6.90 2,266 273 65818 148 73,608 158

Source: Franklin Associates, 1.
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Process solid waste accounts for about eight percent of the total solid
waste weight and about four percent of the total solid waste volume. Over %9
percent of the process solid waste is produced in Mexico.

Fuel-related solid waste makes up three percent of the solid waste weight
and two percent of the solid waste volume.

Postconsumer solid waste accounts for 89 percent of the total solid waste
weight and about 94 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric
and waterbormne emissions for manufacturing corrugated boxes and separators
for eggs are presented in Table 3-16a and 3-16b, respectively.

Most of the atmospheric emissions for operations in Mexico are fuel
related. These emissions are a result of production and combusticn of fuels to
produce energy for manufacturing operations and transportation of raw
materials and finished products.

Process particulate ermissions in Mexico result mainly from box converting
operaticns. The remaining process atmospheric emissions are mainly from
starch adhesive production.

A large portion of the process dissolved solids, suspended solids, BOD,
COD and oil waterborne emissions in Mexico are a result of the corrugated
paperboard production step. The remaining process emissions in Mexico result
mainly from starch adhesive production.

Disposal Energy and Environmental Emissions

Table 3-17 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer paper packaging that
becomes solid waste (packaging that is not collected for recycling). This
equipment is assumed o use diesel as a fuel source; therefore, this energy is
derived from petroleum.

The fuel-related environmental emissions for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
bleached semi-kraft paper flour sacks, unbleached semi-kraft paper cement
sacks, clay-coated paperboard cereal boxes and corrugated boxes ard separators
are presented in Tables 3-18, 3-19, 3-20 and 3-21, respectively.
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Table 3-16a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
CORRUGATED BOXES AND SEPARATORS FOR EGGS

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions  Emissions Emissions Emissions  Emissions
Atmosphenc Smissions (kg)

Particuiares 3.94 +.39 333 105 125 230
Nitrogen Oxides 55 Ss 351 151
Hydrocarbons 0.047 121 121 0.18 4 4
Suifur Cades 9351 251 0.011 15851 1531
Carbon Monoxide 19.0 190 399 399
Aldenydes 037 3.537 332E-M 339 3.39
Methane 0.0092 0.0092 .00 1.00
Other Organucs 0.0094 529 3.30 131 131
Kerosene L.98E-04 19824 0.0034 0.0034
Ammonia 0.047 0.0037 2.051 1L91E-M4 2.11 Q.11
Lead 1.85E-M4 L.83E-4 0.056 0.0%¢
Fossit Carbon Dioxide 3.138 3,138 109.393 109.593
Hydrogen Chionde L10E-4 L.10E-H4 0.0032 0.5032
Mercury 934E-06 9.34E-)6 3.15E-)6 0.0052 0.0052
Chionine 535406 0.2 0.2
Chromium Conipounds 437E-14 +37E-4 2.071 0.071
Manganese Con:pounds 7.00E-4 T O0E-H 0.096 0.096
Nickel Compounds 6.13E-}4 A.15E04 0.46 J.46
Antimony J.0094 0.0094
Arsenic 120E-M 2120E-04 0.043 0.043
eryllium 13305 133805 7.0041 0.0041
Cadmium 2.038 0.038
Cobalt 2.35E-05 1358415 0.027 0.0z7
Selenium J.01E-)6 3.01E-26 0.010 0.010
Sulfunc sad 58.3 53.5
Na202 0.0029 0.0029
K02 1.0029 0.0029
V205 0.0029 0.0029

Source: Franklin Assoqates, Ltd.
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Table 3-16b

SUMMARY OF WATERBORNE EMISSIONS FOR
CORRUGATED BOXES AND SEPARATORS FOR EGGS

(Emissions per 100,000 items)
United States Mexico
Process tuel Total Process Fuel Total
Emissions Emissions  Emissions Emissicns Emissions Emissions
Waterborne Srmussions (kg}

Aad 3.09E-07 3.09E07 238E05 238E-5
Mezal lon 2017 0017 0.45 J2.45
Dissolved Solids 74 97 685 19.3 705
Suspended Sviids 957 0.0091 9.38 1 151 e
3CD 1.0023 2.010 3.012 257 3.35 262
CCD 3.011 0.047 1.058 e 3.88 386
2henol 3.35E4)5 535E4)5 TI9EOT 0.10 0.20
Suifides 2.35E4%6 1.054 0.054
il 3.0025 0.12 €12 97 3.07 334
Suifurc Acd 0.47 047 A9 591
iron 212 012 1.4 1L74
Ammorna 3.0028 0.0013 0.0041 9.39E-06 0.92 0.92
Chromium 5.21E4% 321556 1.45E-06 0.013 0.013
Laad 1.43E406 1.43E-)6 1.37E-08 +.22E4)5 $+.22E93
Zinc 2.10E-)5 2I10E05 1.37E48 8.19E04 A.1SE- 4
Nickel 1.37E 08 1.37E-)8
Mercurv 2.30E-08 230E-J8
hosphates 0.64 0.64
“Nitrogen 278 178
2asuc:des 0435 0.035

Source: Franklin Assocates. L:d.
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Table 3-17

ENERGY REQUIREMENTS FOR DISPOSAL OF PAPER PACKAGING
(gigajoules for units disposed per 100,000 items)

Packer Landfill Total
Truck Equipment Disposal
Energy Energy Energy
Bleached Semi-Krait Paper Flour Sacks 0.18 0.10 3.28
Unbleached Semi-Kraft Paper Cement Sacks 3.3¢ 233 .07
Clay-Coated Paperboard Cereal Box 0.35 Q.49 1.34
Corrugated Zgg Containers
Corrugated Box 742 4.30 117
Corrugated Separator 1.35 A7 233
Package Total 877 3.08 139

Source: Franklin Associates, Lid.
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Tabie 3-18

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF BLEACHED SEMI-KRAFT PAPER FLOUR SACKS
(Emissions for units disposed per 100,000 items)

Landfill Total
Packer Truck Equipment Disposal
Emissions Emissions Emissions
Atmospheric Emissions (kg)
Parmculates Q017 0.010 1.027
Nitrogen Oxides 223 313 336
Hyvdrocarbons 0.058 0.034 3.092
Suifur Oxides 0.054 0.031 3.085
Carbon Monoxide 2073 0.042 11
Aldenhvdes J.0035 0.0020 0055
Methane 2.50E-)5 L45E-15 3.95E-05
Other Orgarucs 3.30E07 221EN7 8.01E-07
Xerosene 1.23E418 7.16E-9 1.35E418
Ammorua 1.39E415 1.10E405 2.99g-)5
Lead L.27E-¥6 T3TEANT 20lE-)6
Fossil Carbon Dioxide 151 7.32 07
Hvdrogen Chionde 337ENT 324E47 331207
Mercury 4.14E-98 2.40E-08 433£-98
Chlorine 9.31E-06 3.69E-06 133E-15
Chromium Compounds 345807 2.00E-)7 345E07
Manganese Compounds 3.82E07 1DE97 0.RE-J7
Nicke! Compounds 3.78E-06 220E-)6 398E-3%6
Andmony 3.15E-08 +.73E-)8 1.29E.97
Arseruc 135E07 L36E-07 3TIENT
Bervilium 1.96E-18 L.14E-)8 3.09E-)8
Cadmuum 191E-)7 1L.59E-)7 4.6CE~)7
Cobait 230E-7 i 34E-07 S odE)7
Seleruum 3.35E-18 5.14E-18 Li0E7
Sulfunc Aad 5..5E-04 336E-H4 3.70E-M
Naz02 3.TZEAT L18E-07 3952407
K02 3.TSEAT 118E-)7 393E-7
V05 373E-07 L18E47 3.93E7
Solid Waste +kg) 0.022 2.013 3.034
Solid Waste icu m) 270E-05 1.37E-)5 +ZE-5
Waterborne Er.ussions («g)
Aad ».61E-19 +J01E49 1.06z-18
Metal lon 1.24E-4 T33E-05 2.00E-)4
Dissolved Soiids 0.0054 0.0033 2.0087
Suspended Solids 447E-M J7IE-H 7.i8E-M
30D 1.0015 9.00E-)4 1.0024
COob 0.0025 0.0015 1).0040
2henol 279E-)5 L69E-)5 4.47E-05
Suifides L.31E-13 3.14E-%6 142E45
Ol 0.0015 9.15E-4 3.0024
Sulfune Aad 134E05 ~4E-)5 3.68E4)5
fron LI3E-5 6.83E-06 L31E~)2
Ammorua 1.35E-H LIB5EM 4+.10E- 4
Chromium J.60E-26 2.18E46 5.78E-%
Lead 1LITE-)8 TI0E-9 1.38E-)8
Zinc L7EAy7 1L4E-07 LTAEAT

Source: Frankiin Associates, Lid.
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Table 3-19

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF UNSLEACHED SEMI-KRAFT PAPER CEMENT SACKS

(Emissions for units dispased per 100,000 items)

Landfill Total
Packer Truck Equipment Disposal
Emissions Emissions Emissions
Atmospheric Emissions (kg)
Particulates 236 21 3.58
Nitrogen Oxides 135 8 T.66
Hydrocarbons 123 0.2 1.96
Sulfur Oxides 115 0.67 .31
Carbon Monoxide 135 090 245
Aldenydes 0075 : 0.043 212
Methane 334E-4 3.10E-04 8.43E-M4
Cther Organics 8.12E06 4.72E06 1.28E-05
Kerosene 2583E07 L33E407 $.16E417
Ammcrua +04E-0¢ 134E-04 5.38E-4
Lead ZT1EYS 13745 4.28E-)5
Fossu Carbon Dionide 20 163 H3
rivdrogen Chionde 1.19E-05 6.91E-)6 1.38E-05
Mercurv I HESYT 3.4E-07 1.40E-26
Chicnne 2.09E-04 122E-04 331E-M4
Chromuum Compounds T36E-06 128E-06 1.16E-05
Manganese Compounds 8.17E%6 1.74E-06 1.29E-05
Nickel Compounds 8.08E-05 4.69E-05 1.28E-4
Antimony L73E26 1.01E-)6 .73E-%
Arsenuc 5.02E-%6 191E-06 793E-)6
Bervilium 4.18E07 143E07 6.61E-07
Cadmium 3 22E-)%6 3.61E-06 9.35E-06
Cobait 4.32E-)6 1.36E-06 T.TBE-06
Seieruum 1.39E-06 1.10E-D6 2.99E-16
Sulfunc Aad 3.013 0.0076 .01
Naz0o2 8.02E-36 $.66E-06 1.27E-05
X02 3.02£06 4.66E-06 L2TE-05
V205 8.02E-)% 4.66E-06 L27E-0S
Solid ‘Waste kg) 0.46 0.27 073
Solid Waste (cu m) 3.TEH 335E-04 9.13E-M
Waterbome Emissions (kg)
Aad 6.61E-%9 4.01E-09 1.06E-18
Mertal lon 1.24E-M T33E45 2.00E-0%
Dissolved Solids 0.0054 0.0033 0.0087
Suspended Solids 147E-H 2T1E-4 7.18E-H
80D 0.0013 9.00E-%4 0.0024
Coo 0.0025 0.0015 0.0040
Phenol 2.79E-05 1.69E-)5 147E-)5
Sulfides 1.51E-15 9.14E-06 242E-05
Oil 0.0015 9.15E-14 0.0024
Suifunc Aad 34E-5 2.14E-95 5.68E-05
lron 1.13E-05 6.83E-06 1.81E-05
Ammonia 135E-04 133E04 4.10E-4
Chromuum J.60E-06 2.18E-06 5.78E-<)6
Lead LITE-)8 7.10E-p 1.38E-)8
Zine L72E4)7 L.04E-)7 276E4Y7

Source: Frankiin Assoclates, Lid.
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Table 3-20

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF CLAY-COATED PAPERBOARD CEREAL BOXES

(Emissions for units disposed per 100,000 items)

Landfill Total
Packer Truck Equipment Disposal
Emissions Emissions Emissions

Atmosphenc Emissions tkg)

Paruculates Q.081 0.047 2.3
Nitrogen Oxides 107 0.62 159
Hydrocarbons 127 0.16 243
Suifur Oxides J.25 0.15 340
Carbon Monoxide 134 2.20 034
Aldenhvdes 3.017 3.0096 1.026
Methane LISE-H 2. 3HE-05 1.36E-M
Cther Organics 1.30E-)6 LOSE-)6 1HE-¥%
Xerosene 3.35E-)8 337E48 3.20E-8
Ammorua 3NE-15 5.17E45 Lilz-H
Lead 2.00E-}6 SATEL 34736
Fossil Carbon Dioxide 52.0 359 79
Hvdrogen Chionde 2.54E-36 1.53E-)% 4.16E4%6
Mercury 1.362-)7 LISEA7 309E)T
Chionne +.04E415 2.58E-05 73285

Chromuum Compounds 1.63E-)6 ASEO7 23D
Manganese Compounds L31E-26 1.05E-26 1.33E-26
Nickel Compounds 1.79E-)3 LO3E-05 232845
Anamony 3.85E-1 223E-07 3.08E-)7

Arsenic L.I1E~)6 543E-07 1.73E-3
3ervilium 32518 5.36E-18 1.36E-07
Cadmuum 1.38E-)6 T9TE7 2i7E-6
Cobatt 1.9E-16 n.31E-07 1.72E-)6
Selenium 1.18E-7 242E4Y7 3.c0E~)7
Suifunic Aad 1.0029 0.0017 1.0046
NaZ02 1.73E-26 LO3E-06 2.30E-28
<02 1.73E-16 1.03E-%6 2.30E-%
v.Cs 1.73E-16 1.03E-06 2.30E-)
Solid Waste tkg) 2.20 14.059 DAY]
Solid ‘Vaste fcu m) 1.28E-H4 T A0E05 202E-H

Waterborme Emissions (ke

Acad 5.61E49 +01E-9 1618
Metal lon 1.24E-R 7.33E405 2.00E-}1
Dissoived Solids 0.005+ 1.0033 0.0087
Suspended Solids 4.47E-H 2T1IE04 7.18E-H
30D 10015 I.00E-04 0.0024
CoD 2.0023 0.0015 0.0040
Phenoi 1.79E-05 1.59E-05 4.47C-5
Sulfides 1.31E-)5 9.14E-26 2428415
il 2.0015 3.15E- 4 0.0024
Suifunic Aad JHEA)5 Z.HENS 5.08E-)5
{ron LI3E-)3 5.83E-06 1.31E5
Ammorua 233844 1.35E-4 4.10E-}
Caromium 1.60E-16 L.18E-)6 5.78E06
Lead 1.1I7E-28 7 10E-19 1.38E-18
Zinc LTEA)7 1.04E-07 2TRET

Source: Frankdin Associates, L:d.
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Table 3-11

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF CORRUGATED BOXES AND SEPARATORS FOR EGGS
{Emissions for units disposed per 100,000 items)

Landfill Total
Packer Truck Equipment Disposal
Emissions Emissions Emissions
Atmospheric Emissions (kg)
Particulates 0.83 048 131
Nitrogen Oxides 11.1 65.41 )
Hvdrocarbons 233 Lod 4.46
Sulfur Oxides a2 132 +13
Carbon Menoxide 3534 205 339
Aldehydes 017 0.099 5 Yo
Methane 0.0012 7.C6E-4 0.0019
Other Organics 1 35E45 LO7E-05 1935E-05
Kerosene 6.01E-07 348E-07 930E-17
Ammonia 9.22E-H 534E-04 Q40015
Lead 6.19E-J5 3.59E-05 3.7E-05
Fossil Carbon Dioxide a39 E7] Rl 1]
Hvdrogen Chionde 17EB 1.38E-05 429405
Mercury 2.02E-06 LITE-06 3.19E-+36
Chlorine 4.78E-4 L77E-M 735E-M4
Chromium Compounds 1.58E-05 9.74E-36 283E-35
Manganese Compounds 1.36E-05 1.08E-05 2HME-S
Nickel Compounds L3M4E-M LO7E-04 191iE-M
Antimony 3.97E-)% 130E-06 3.27E-06
Arsenic 1.13E-15 3.64E-06 1.31E-05
Beryilium 9HE-D7 535E07 131E-06
Cadmium 1428405 8.23E06 124E-5
Cobait LIZE45 531E-06 1L7E-S
Seleruum $+31E-%6 150E-06 3.31E-6
Suifunc Aad 0.030 2.017 0.047
Na202 1.83E-05 LO6E-)S 199E-)5
02 1.93E-)5 LO6E-15 189€-35
V205 L.33E-)5 L.06E-05 1.39E-)5
Solid Waste tkg) 1.06 0.61 1.67
Solid Waste (cu m) 0.0013 764E-04 0.0021
Waterbome Emussions ( kgy
Acid 8.61E-)9 4+01E49 1.06E-08
Metal lon L.24E-}4 753E05 2.00E-4
Dissoly ed Solids 0.0054 0.0033 0.0087
Suspended Solids 447E-04 171E04 T18E-M4
BOD 0.0015 7.00E-04 0.0024
coD 0.0025 0.0015 2.0040
Phenol 179E-5 1.69E-05 447E-05
Suifides 1.21E-05 9.14E-76 2LENS
Qil 0.0015 9.15E-04 10.0024
Sulfunc Acid 334E45 2.14E-05 5.08E-15
[ron 1.13E-)5 5.33E-06 1.81E4)5
Ammomna 23384 1.55E-4 4.10E-1
Chromuum 3.60E-06 2.18E-06 5.78E-06
Lead LI7E-)8 7.10E-19 1.98€-08
Zinc L.72E-07 LU4E-07 176E47

—_—
Source: Franklin Associates, Ltd.
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Chapter 4

ENERGY AND ENVIRONMENTAL RESULTS FOR
TIN-COATED STEEL CANS

INTRODUCTION

This chapter provides a summary of the energy requirements and
environmental emissions for the production, recycling and disposal of tin-coated
steel cans in Mexico. The basis for the results presented in this chapter is 100,000
steel cans. Supporting data for this chapter are presented in Appendix E of the
separately bound Appendix document.

The steel cans analyzed in this study contain about 30 percent
postconsumer recycled content. The postconsumer recovery rate for the steel
cans in Mexico is assumed to be 47 percent. Therefore, 30 percent of the steel
cans, by weight, is assumed to be recycled in a closed-loop system. The
remaining 17 percent is assumed to be recycled in an open-loop system.

DATA SOURCES

Data for the production of tin-coated steel sheet in the United States were
taken from Franklin Associates’ database.

Data for the production of three-picce steel cans were provided by
producers in Mexico. Information supplied bv two can producers were
aggregated for this analysis. Although these data seemed reasonabie when
compared to data collected for analogous operations in the United States, it is not
known how well they represent the production of the “average” three-piece can
in Mexico.

RESULTS AND DISCUSSION
Manufacturing Enezgy Requirements

Table 4-1 presents the energy requirements for the manufacture of 100,000
tin-coated steel cans. The energy usage is categorized by country.

Process energy accounts for about 43 percent of the total energy for the
system; 86 percent of this energy is used in the United States.

Transportation erergy accounts for an additional 22 percent of the 'l
energy. Transportation energy is divided about equally between the Unit. '
States and Mexico.




Steel Cang
United States
Mexico

‘Yolal Energy

Table 4-1
ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 TIN-COAVED STEEL CANS
Process Energy Transpuclation Energy Enerpy of Material Resource Total Energy

Percent Percent Percent Percent
G) of ‘Total ) of Total QG) of Total G) of Total
71.5 % 247 4% 68.7 42%, 164 100%
1.7 37% 200 63%, 31.7 100%
833 43'% 43.7 22% 6.7 35% 196 0%,

—_— _
Source: Franklin Assuciales, Ld.
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Thirty-five percent oi the total energy is classified as energy of material
resource. All of this energy is used in the United States to manufacture tin-
coated steel sheet. This energy represents the coal used to make metallurgical
coke and coke oven gas which is used as a feedstock for steel production. While
it is recognized that most of the energy content in the ¢ oke and coke oven gas is
liberated during the production of steel, the methodology used in this study
accounts for the energy derived from materials used as feedstocks on the basis of
the energy content of the material that is extracted from the earth to produce the
feedstocks (in this case coal).

Table 4-2 presents the energy profile for production of tin-coated steel
cans. About 35 percent of the energy used in the United States is derived from
coal. A large portion of this energy is coke and coke oven gas used during steel
production.

About 63 percent of the energy used in Mexico is for transporting raw
materials and finished goods (see Table 4-1). Ali of the energy used for this
transportation is petroleum based. This is reflected in the energy profile for
Mexico, with petroleum representing 72 percent of the energy used.

Manufacturing Environmental Emissions

Solid Waste. Table -3 presents the solid waste for manufacturing 100,000
tin-coated steel cans. Included in this table is the postconsumer solid waste
generated from disposal of containers that are not collected for recycling.

Process solid waste accounts for about 86 percent of the total solid waste
weight and about 73 percent of the total solid waste volume. About 99 percent of
the process solid waste is produced in the United States. A large portion of this

process solid waste, about 89 percent, comes from mining and beneficiating iron
ore.

Fuel-related solid waste makes up two percent of the solid waste weight
and volume.

Postconsumer solid waste accounts for 12 percent of the solid waste
weight and about 25 percent of the solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric and
waterborne emissions for manufacturing tin-coated steel cans are presented in
Table 4-4a and 4-4b, respectively.

All of the atmospheric emissions for operations in Mexico are fuel related.
These emissions are a result of production and combustion of fuels to produce
energy for manufacturing operations and transportation of raw materials and
finished products.

4-3
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ENERGY PROFILES FOR MANUFACTURE OF 106,000 TIN-COATLED STELL CANS

Table 4-2

(G] per 100,000 ltenw)

Energy Profile
Natural
Gas Petroleum Cual Hydropower Nuclear Waud Other
Steel Cans
United States 332 32.1 894 0.8 7.08 0.65
Mexico 813 227 0.27 0.26 017 0.20
Total 413 548 49.7 1.28 745 (.85

Source: Franklin Associates, Ld.

Totat
Energy

164
a7

196

3
|
|
J



Table 4-3

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURIE OF 100,000
TIN-COATED STEEL CANS

Process Waste Fuel Waste Postconsumer Waste Tolal Solid Waste
ky cubic meter kg cubic meter kg cubic neler kg cubic meter
Tin-Coated Steel Can
Unilted States 13,024 163 289 0.36 13,314 16.6
Mexico 9.6 0.12 1.5 0.014 1,874 5.67 1,985 5.81
Total Solid Waste 13,124 16.4 kM| 0.34 1,874 5.67 15,299 224

Source: Franklin Associates, 1.
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Table +~a
SUMMARY OF ATMOSPHERIC EMISSIONS FOR
TIN-COATED STEEL CANS
(Emissions per 100,000 itemns)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions Emissions Emissions Emissions Emissions
Atmospheric Emissions (kg)

Particulates 61.9 5.04 879 137 287
Nitrogen Oxides 308 265 35 149 149
Hydrocarbons 1.0 26.3 378 136 13.6
Sulfus Oxides 47 A1 398 4.1 14.1
Carbon Monoxide 105 179 135 153 158
Aldehvdes 038 0.38 0351 0.31
Methane 0.053 0.055 0.016 0.016
Other Organics 5.33 6.33 7.06 7.06
Kerosene 73E04 ~3E-4 1.3E-05 1.3E-15
Ammonia 0.16 0.0033 0.16 0.0024 2.0024
Lead 6.0E-05 6.4E-34 T0E-H 39E-H4 3904
Fossil Carbon Dioxide 7,246 6013 13.259 2453 2453
Hydrogen Chloride 9.8E-05 3.3E05 7.1E4)5 7.1E05
Mercury 3.2E05 3.2E05 135E-05 13E05
Chlorine 0.0041 0.0041
Chromium Compounds 335E05 0.0017 0.0017 3S5E-H 33E-04
Manganese Compounds T7E-4 0.0026 0.0054 +.4E-04 +4E-04
Nickel Compounds 9.7E06 0.0017 0.0017 0.0022 0.0022
Zinc Compounds 5.4E-4 34E-4
Copper Campounds 5.sE4)5 3.7EJ5
Antimony 4.6E-05 +.6E-05
Arsenic 3.0E-)4 3.0E-04 20E-04 U0E-4
Bervilium 9.5E-05 9.5E-05 1.9E-)5 1.9E05
Cadmium 1.9E-04 1.9E-04
Cobalt 3.1E-05 3.1E405 1.3E-4 1.IE4
Selenium 1.9E05 1.9E-05 5.0E-05 5.0E405
Sulfuric Add 03¢ 034
Naz02 6.1E-03 6.1E05
KO2 6..E05 6.1E0S
V205 5.1E45 6..E4)5

Source: Franklin Assodates, Ltd.
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Table +4b

SUMMARY OF WATERBORNE EMISSIONS FOR

TIN-COATED STEEL CANS

(Emissions per 100,000 items)

United States Mexico

Process Fuel Total Process Fuel Total
Emissions Emissions Emissions Emissions Emissions FEmissions
Warerborne Emissions (kg)

Add +41 7.2E497 141 52407 5.2E07
Metal lon 0.015 0.015 0.0096 0.0098
Cissolved Solids 0.18 3.76 893 043 043
Suspended Solids 0.26 0.0081 027 0.035 0.035
BCD 0.0088 0.0088 0.12 0.12
CcOD 0.042 0.042 0.19 0.19
Phenol 0.0030 $9E05 0.0050 0.0022 0.0022
Suifides 0.0012 0.0012
Qil 0.025 013 0.15 0.13 0.13
Suifunc Add 1.4 1.74 0.031 0.031
Iron 1.10 0.44 1.34 . 0.0080 0.0080
Ammonia 0.014 0.0012 0.01> 0.020 0.020
Chromium 29E-06 29E-06 28E-04 23Em
Lead 1.3E405 13E-06 14E-05 9.2E-07 9.2E)7
Zinc I5EM 1.9E-05 25E-4 14E-05 1.4E05
Cranide 0.0068 0.0068

Source: Frankiin Assoqates, Ltd.
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No atmospheric hydrocarbon emissions were reported by steel can
producers in Mexico; however, hydrocarbon emissions were repcrted by
aluminum can producers for the can production step. Presumably, these
emissions are a result of solvent evaporation from varnish application and can
painting. It is not known if similar emissions will result from varnish application
during steel can production, and if so, what the level of these emissions will be
for steel can production. This aspect of the study results needs further
investigation.

All of the waterbome emissions in Mexico are fuel-related. These
emissions result from the production and processing of fuels.

Disposal Energy and Environmental Emissions

Table 1-5 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer tin-coated steel cans
that become solid waste (cans that are not collected for recycling). This

equipment is assumed to use diesel as a fuel source; therefore, this energy is
derived from petroleum.

The fuel-related environmental emissions for the operation of packer

trucks and landfili equipment to dispose of postconsumer tin-coated steel cans
that become solid waste are presented in Table 4-6.

4-8
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Table 4-5

ENERGY REQUIREMENTS FOR DISPOSAL OF TIN-COATED
STEEL CANS
(gigajoules for units disposed per 100,000 items)

Packer Landfill Total

Truck Equipment Disposal

Energy Energy Energy
Steel Cans 031 0.19 0.51

Source: Franklin Associates, L:d.
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Table +-6

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF TIN-COATED STEEL CANS

{Emissions for units disposed per 100,000 items)

Landfill Total
Packer Truck Equipment Disposal
Emissions Emissions Emissions
Atmospheric Emissions (kg)
Particulates 0.050 0.018 0.048
Nitrogen Oxides 059 025 064
Hydrocarbons 0.10 0.063 0.16
Sulfur Oxides 0.093 0.058 0.15
Carbon Monoxide 0.15 0.079 .20
Aldehydes 0.0061 0.0038 0.0099
Methane 435E-B 17IE0S T.BE-S
Other Organics 6.62E-07 +.12E-07 1.07E-06
Kerosene 211508 1 34E-M8 3.4SE-)8
Ammonia 329E-35 2.05E-05 334E05
Lead 221E-06 1.38E-06 3.38E-06
Fossil Carbon Dioxide pak | 42 370
Hyvdrogen Chioride 9.70E07 5.04E-07 137E96
Mercury 7.20E-08 4.49E-08 LIE7
Chiorne ’ L71E-05 1.06E-05 1TEDS
Chromium Compounds 6.00E-07 3.73E47 9.73E-07
Manganese Compounds 6.65E-)7 +.14E-07 1.08E-06
Nickel Compounds 6.38E-16 4.10E-06 1L.I7E05
Antmony L2EG7 3.83E-08 250E-07
Arsenic +.09E-)7 I35E407 5.63E-4)7
Bervilium 341E-)8 LI2E-18 5.33E8
Cadmium 3.06E-07 3.15E-37 SEy7
Cobait $.01E-97 230E-)7 S1E-)7
Selenium 134E07 9.58E-)8 230EY7
Sulfunc Acid 0.001, 2.65E-04 0.0017
Na202 633E-)7 107E407 1.06E-)6
E(e7] 8.53E-)7 1.07E-37 1.06E-)6
V205 #.33E-)7 1.07E07 1.06E~)6
Solid Waste (kg) 0.038 0.023 1.061
Solid Waste (cum) 4.70E-)5 2.93E-05 7 63E-05
Waterborne Emisstons (kg)
Acid 5 61E-9 4.01E49 1.06-8
Metal [on 1.24E-4 T33E-15 2.00E-)4
Dissolved Solids 0.0054 1.0033 0.0087
Suspended Solids 4.47E-04 2T1E-04 7.18E-%4
80D 0.0015 9.00E-04 0.0024
CoD 0.0025 0.0015 0.0040
Phenol 1.79E-5 1.69E-)5 447505
Sulfides 1.31E4)5 9.14E-)6 242845
Oil 0.0015 9.15E-04 0.0024
Sulfunc Aad 3.34E-05 2I4EC 5.68E-)5
[ron 1.13E-95 6.33E-06 1.81E-)5
Ammonsa 2135E-M 1.55E-M 4.10E-)4
Chromium 3.60E-0 1.18E-06 5.78E-06
Lead LI7E-N8 7 10E-9 1.88E-18
Zinc 1.72E07 LO4E- 2L76E-YT

Source: Franklin Associates, Lid.
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Chapter 5

ENERGY AND ENVIRONMENTAL RESULTS FOR
WOODEN FRUIT CRATES

INTRODUCTION

This chapter provides a summary of the energy requirements and
environumental emissions for the production, recycling and disposal of wooden
fruit crates in Mexico. The basis for the results presented in this chapter is
100,000 wooden crates. Supporting data for this chapter are presented in
Appendix F of the separately bound Appendix document.

The wooden fruit crates analyzed in this study are produced from wood
obtained by cutting trees (no recycled content). Wooden crates are not recycled
in Mexico. There is some reuse of the product; however, the reuse rate is
unknown and thus was not included in this analysis.

DATA SOURCES

Data for the production of wood products used to manufacture the
wooden fruit crates and transportation requirements were provided by one
producer in Mexico. Data for the fabrication of wooden fruit crates in Mexico
were estimated from data obtained from Franklin Associates’ database for
similar operations in the United States.

RESULTS AND DISCUSSION
Manufacturing Energy Requirements

Table 5-1 presents the energy requirements for the manufacture of 100,000
wooden fruit crates. All of the steps in the production of wooden fruit crates
take place in Mexico.

Process energy accounts for about 80 percent of the total energy for the
system.

Transportation energy accounts for the remaining 20 percent of the total

energy. This energy is used to transport raw materials and finished goods within
Mexico.

The energy of material resource for wood-derived materials is not
included in this analys:s because wood is not used as a commercial fuel source in
most industrial countries nor in Mexico. Therefore, the energy of material
resource for this system is reported as zero.

-
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Table 5-1

ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 WOODEN FRUI'T CRATES

Process bnegy

Transpostation Energy Energy of Material Resource

Percent
QG) of Tolal
Fruit Crates
Mexico 435 80%
‘Total Energy 435 8U'%

Source: Franklin Associates, Lid.

Total I!uerax

Percent Percunt Percent
of Total GJ of Tutal GJ of Tutal
20% 543 100%
0% 543 100%

|
|
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Table 5-2 presents the energy profile for production of wooden fruit
crates. Petroleum-derived energy makes up about 75 percent of the total energy.
Petroleum supplies all of the energy used for chain saws and transportation
modes. It also make up a large portion (about 54 percent) of the energy used to
produce electricity. These are the only energy requirements for production of the
wooden crates.

Manufacturing Environmental Emissions

Solid Waste. Table 5-3 presents the solid waste for manufacturing 100,000
wooden fruit crates. Included in this table is the postconsumer solid waste
generated from disposal of containers that are not collected for recycling.

Together, process and fuel-related solid waste only account for about one
percent of the total solid waste weight and less than one percent of the total solid
waste volume.

Postconsumer solid waste from disposal of the wooden fruit crates
accounts for 99 percent of the solid waste weight and greater than 99 percent of
the solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric and
waterborne emissions for manufacturing wooden fruit crates are presented in
Table 5-4a and 5-4b, respectively.

All of the atmospheric emissions for operations in Mexico are fuel related.
These emissions are a result of production and combustion of fuels to produce
energy for manufacturing operations and transportation of raw materials and
finished products.

All of the waterborne emissions in Mexico are fuel-related. These
emissions also result from the production and processing of fuels.

Disposal Energy and Environmental Emissions

Table 3-5 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer wooden fruit crates
that become solid waste (crates that are not collected for recycling). This
equipment is assumed to use diesel as a fuel source; therefore, this energy is
derived from petroleum.

The fuel-related environmental emissions for the operation of packer
trucks and landfill equipment to dispose of postconsumer wooden fruir crates
that become solid waste are presented in Table 5-6.
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Table 5-3

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000 WOODEN FRUI'T CRATES

oo Process Waste Fucl Waste Paostconsumer Waste Total Sotid Waste
i ky cubic meter ky cubic meler hy cubic meter kg cubic meler
:.‘:: Fruit Crate 5
Mexico 110 0.4 LT} 1.0 85,845 181 86,754 182 a
Total Solid Waste 110 0.14 800 1.00 85,845 181 86,754 182 g

N Source: Franklin Associates, Ltd.




Table 54a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR

Source: Franklin Assodiates, Ltd.

WOODEN FRUIT CRATES
{Emissions per 100,000 items)
Mexico
Process Fuel Total
Emissions Emissions  Emissions
Atmospheric Emissions (kg)

Particulates 375 373
Nitrogen Oxides 164 164
Hydrocarbons 170 170
Sulfur Oxides 551 531
Carbon Monoxide 851 851
Aldehvdes 181 231
Methane 0.31 031
Other Organics 387 387
Kernseutie 0.0014 0.0014
Ammonia 0.043 0.043
Lead 0.1 0.11
Fossil Carbon Dioxide 35.810 35,810
Hydrogen Chloride 0.0013 0.0013
Mercury 0.0018 0.0018
Chlorine 0.26 026
Chromium Compounds 0.025 0.025
Manganese Compounds 0.035 0.035
Nickel Compounds 0.16 0.16
Antimony 0.0032 0.0032
Arsenic 0.015 0.015
Beryilium 0.0015 0.0015
Cadmium 0.013 0.013
Cobalt 0.0092 0.0092
Selenium 0.0035 0.0035
Sulfuric Acid 234 234
Na202 9.39E-4 9.39E-04
KO2 9.39E-04 9.39E-04
V205 9.39E-04 9.39E-04




Table 5~ib

SUMMARY OF WATERBORNE EMISSIONS FOR

Source: Franklin Assoqates, Ltd.

WOODEN FRUIT CRATES
{Emissions per 100,000 items)
Mexico
Process Fuel Total
Emissions  Emissions Emissions
Waterborne Emissions tkg)

Acd 9.35E06 9.35E-06
Metai [on 0.18 0.18
Dissoived Solids 773 773
Suspended Solids 0.63 0.63
BOD 210 210
CcoD 3.48 348
Phenol 0039 0.039
Sulfices 0.021 0.021
Qil 2 218
Sulfuric Acid 251 251
Iron 0.63 0.63
Ammonia 0.36 0.36
Chromium C.0051 0.0051
Lead 1.66E-05 1.66E-05
Zinc 2453E-4 243E-04




Table 5-5

ENERGY REQUIREMENTS FOR DISPOSAL OF
WOODEN FRUIT CRATES
(gigajoules for units disposed per 100,000 items)

Packer Landfill Total

Truck Equipment Disposal

Energy Energy Energy
Fruit Crates 9.16 622 15.4

Source: Franklin Associates, Lid.
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Table 5-6

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF WOODEN FRUIT CRATES

(Emissions for units disposed per 100,000 items)

Atmospheric Emissions (kg)
Partculates

Nitrogen Oxides

Hvdrocarbons

Sulfur Oxides

Carbon Monoxide

Aldehvdes

Cobait
Selenium
Sulfunc Add
Na202

K02

V205

Solid Waste (kg)
Solid Waste (cu m)

Waterbome Emissions (kg)

Acad

Metal lon
Dissoived Solids
Suspended Solids
30D

coD

Phenol

Sulfides

Oil

Sulfunc Acd
[ron

Ammonia
Chromium

Lead

Zinc

Source: Franklin Assocares, L:d.

Landfill Total
Packer Truck Equipment Dispasal
0.87 059 146
115 v 194
295 200 196
273 1.6 19
3.0 251 620
0.18 012 050
0.0015 3.63E-04 0.0021
1.94E-)5 131E-05 3.25E-05
6.28E-7 1.26E07 1.05E-06
9.63E-01 633E-04 0.0016
6.46E-05 1.39E-05 LOSE-4
668 453 LI
2HENS 1.93E-05 1.76E05
L11E-06 143E-06 334E-06
19E-04 339E-04 838E-01
1.76E405 1.19E-05 295E-05
1.95E-05 1.32E-05 k ey 213
1.93E- 131E-04 3.23E-
1.15E06 2.82E-06 A36E-06
1.20E-05 3.12E-06 191E-05
9.97E07 6.76E-07 1.67E-06
1.48E05 1.01E-05 249E-05
LITEQS 796E-06 1.97E-5
4.30E-06 3.06E-06 7 36E-06
0.031 0.021 0.052
1.91E-05 1.30E-05 3.21E05
191E415 1.30E-05 321E5
1.91E-05 1.30E-05 321E0S
110 0.75 185
0.0014 934E-04 0.0023
6.61E-9 +4.01E-09 1.06E-08
124E-04 7.53E-05 2.00E-04
0.0054 0.0033 0.0087
147E-04 271E04 7.18E-04
0.0015 9.00E-04 0.0024
0.0025 0.0015 0.0040
2.79E-05 1.69E-05 4A7E-05
1.31E405 9.14E-06 2E05
0.0015 9.15E-04 0.0024
354E05 2.14E-05 3.68E0S
1.13E-05 6.83E-06 1.81E-05
235E-04 1.55E-04 4.10E-04
3.60E-06 2.18E-%6 5.78E-06
LITE08 7.10E-09 1.88E-08
1.72E07 1.04E-07 L76E-07
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Chapter 6

ENERGY AND ENVIRONMENTAL RESULTS
FOR PET AND PETG PACKAGING

INTRODUCTION

This chapter prov:ves a summary of the energy requirements and
environmental emissions tor the production, recycling and disposal of the
following packaging m..erials in Mexico:

* 1.5 liter refillable PETG bottle for soft drinks
¢ 1 liter non-refillable PET bottle for edible oil

The basis for the results presented in this chapter is 100,000 packaging units.
Supporting data for the PET and PETG packaging systems are presented in
Appendix H of the separately bound Appendix document. Data for production
of the polypropylene closures used on the PETG bottles can be found in
Appendix K. Data for the production of the HDPE closure used on the PET
bottle can be found in Appendix L

The postconsumer recovery rate for the PET bottle examined in this study
is assumed to be zero. The refillable PETG bottle is assumed to have an average
usage of six trips before it is discarded. The postconsumer recoverv rate for the
bottle after its useful lifetime is assumed to be zero. The recovery rate for
polypropylene closures used on the bottles is assumed to be zero.

DATA SOURCES

Data supplied by PET and PETG bottle producers in Mexico indicated the
use of PET and PETG resin produced in the United States; therefore, all of the
resin used to manufacturer the containers examined in this study is assumed to
come from manufacturers in the United States. Polypropvlene resin used to
manufacture the closures for the PETG bottle is also assumed to come from the
United States. Data for the production of PET, PETG and polvpropylene resin in
the United States are taken from Franklin Associates’ database.

Data for the production of non-refillable PET bottles were derived from
information supplied by one container manufacturer in Mexico. Data for
refillable PETG bottle production were also derived from information supplied
by one container manufacturer in Mexico (a different manufacturer than the one
supplying information for PET bottles). Data for washing refillable bottles were
derived from information for washing and filling supplied by one bottler in
Mexico. Data for the average distance traveled and method used to collect
refillable bottles were estimated from information supplied bv M.R. Servicios de

6-1
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Fomento Industrial S.A. de C.V., Mexico City. Data for the production of HDPE
resin (used for the PET bottle closures), closures and caustic soda (used to clean
the refillable bottles) in Mexico were estimated from data taken from Franklin
Associates’ database for similar production operations in the United States.

RESULTS AND DISCUSSION

Refillable PETG Soft Drink Bottles

Manufacturing Energy Requirements. Table 6-1 presents the energy
requirements for the manufacture of 100,000 PETG soft drink bottles, assuming
six trips per bottle. The energy usage is categorized by country and grouped by
bottle and closure.

Process energy accounts for about 62 percent of the total energy for the
svstem. The PETG bottle uses about 92 percent of the process erergy. About 63
percent of the process energy for the bottle is used in the United States to
manufacture PETG resin. About 60 percent of the process energy for the closure
is used in the United States to manufacture polyp:opylene resin.

Transportation energy accounts for about four percent of the total energy.
About 92 percent of the transportation energy is allocated to the bottle. Sixty-
four percent of the transportation energy for the bottle is used in the United
States for PETG resin production. Less than nine percent of the bottle
transportation energy in Mexico is for collecting refillable botties.

The energy of material resource accounts for 34 percent of the total energy
for the system. All of this energy represents the crude oil and natural gas that are
used as a raw materials for PETG and polypropylene production in the United
States.

Table 6-2 presents the energy profile for production of PETG soft drink
bottles. Together, natural gas and petroleum account for about 80 percent of the
total energy for the system.

Electricity supplies over 75 percent of the energy used to manufacture the
PETG bottles and all of the energy used to manufacture the polypropylene
closures in Mexico. Consequently, the energy profile for Mexico is indicative of
the energy sources used to generate electricity.




£9

Table 6-4

ENERCY REQUIREMENTS FOR MANUFACTURE OF 100,000 REFILLABLE PETG SOFI DRINK BOTTLES
(assuming 6 tripy per bottle)

Process Enesgy Transportation Lnergy Lnergy of Material Resvurce Total Energy
Percent Puercent Percunt Percent
G) of Total (&} of ‘Tatal G) of ‘Total G) of Total
PETG Soft Drink Bottle
Uniled States 102 S4% 6.50 3% BL.S 43% 189 10'%
Mexicu 604 4% 3.60 6% 64.0 100%
Total binergy 162 64% 10.1 4% 80).5 32% 253 0%
Polypropylene Ciosure
United States 8.29 3% 041 2% 153 od'% 24.0 100%
Maexico 5.59 921% 0.53 9% 6.12 100%
Tolal Energy 139 46% 0.93 3% 153 51% 30.1 100%
Package Total
United States 110 52% 6.91 % us.4 45% 213 1%
Mexico 660 94% 4.13 6% 720.1 100%
Total Energy 176 62% [ERY 4% 95.8 34% 283 100%

Saowrce: Franklin Associates, L.
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Table 6-2

ENERGY IROFILES FOR MANUFACTURE OF 100,000 REFILLABLE PETG SOFI DRINK BOTTLES
(G) per 100,000 botiles assuming 6 trips per bottle)

Energy Profile

Natural
Gas

PETG Soft Drink Botlle

United States 61.0

Mexico 9.24

Tutal 203
Polypropylene Clusure

Unilted States 185

Mexico 084

Total 194
Package Tutal

United States 7296

Mexico 108

Total BY.7

Sowrce: Franklin Associates, Ltd.

Petroleum

84.2

TR

129

343

408

791

8.0

194

137.0

Cual Hydropower Nuclear
a7y 0.58 1.52
302 245 1.43
0.9 343 6.35
113 0.055 .43
0.36 (.35 (0,22
149 040 0.65
kUXY] 0.63 14,95
A 320 26
423 3.43 7.00

Woaood Other

(.38

2.16

254

0.036

0.27

.30

042

242

2.84

Tutal
Bnergy

189

253

24.0
6.12

0.1

212.6
70.1

283

arl 'SSIvIDOSSY NIDINVE




Manufacturing Environmental Emissions

Solid Waste. Table 6-3 presents the solid waste for manufacturing
100,000 PETG soft drink bottles. Included in this table is the postconsumer solid
waste generated from disposal of PETG bottles after their last trip and disposal of
the closures.

Process solid waste accounts for about five percer:t of the total solid waste
weight and about two percent of the total solid waste volume. About 88 percent
of the process solid waste is produced in Mexico. Most of the process solid waste
produced in Mexico is packaging and other solid waste produced during the
PETG bottle manufacturing step.

Fuel-related solid waste makes up 21 percent of the solid waste weight
and six percent of the solid waste volume.

Postconsumer solid waste accounts for 73 percent of the total solid waste
weight and about 93 percent of the total solid waste volume.

Atnospheric and Waterborne Emissions. The total atmospheric
and waterborne emissions for manufacturing PETG soft drink bottles are
presented in Table 6-4a and 6-1b, respectively.

Most of the atmospheric emissions for operations in Mexico are fuel
related. These emissions are a result of production and combustion of fuels to
produce energy for manufacturing operations and transportation of raw
materials and finished products.

Process atmospheric emissions classified as “other organics” that are
released in Mexico are produced during production of the PETG bottle. All other
process atmospheric emissions released in Mexico are from the production of
caustic soda used to clean the refillable bottles.

Most of the waterborne dissolved solids process emissions released in

Mexico are from bottle washing. All other process waterborne emissions
released in Mexico are from the production of caustic soda.
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PETG Soft Drink Bottle
Uniled States
Mexico
Total Solid Waste

Pulypropylene Closure
Unit=d States
Merxico
Total Solid Waste

Package Total
United States
Mexico

Total Solid Waste

SOLID WASTE BY WEIGH T AND VOLUME FOR MANUFACTURE OF 100,000

Table 6-3

REFILLABLE PETG SOFT DRINK BOTTLES

Prucess Waste

(assuming 6 trips per bottle)

Fuel Waste

Postconsumer Waste

Total Solid Waste

kg

18.1
134

153

045

0.45

18.6

134

153

Source: Franklin Associates, Lid.

cubic meter

0.023

017

0.19

5.591:-04

5.59k-(4

0.023

0.17

0.19

Ay cubic mweler ky
475 0.59

16 0.13 1,767
581 0.72 1,767
7.21 1.0033
5.38 0.0067 273
12.6 0.010 273
482 (.59

112 0.14 2,040
594 0.73 2,040

cubic meter

8.39

8.39

2.79

279

11.2

11.2

kg cubic meter
493 .61
2,007 8.69
2,500 9.30
7.66 0.0038
278 2.80
286 2,80
501 0.61
2,286 11.5
2,786 121

QL1 ‘SA1VIDOSSY NIDINYEL




Atmospheric Emissions (kg)

Particulates

Lead

Fossil Carbon Dioxide
Hvdrogen Chloride
Mercury

Chlorine

Chromium Compounds
Manganese Compounds
Nickei Compounds
Antimony

Arsenic

Beryilium

Cadmium

Cobalt

Selenium

Sulfuric Acd

Na202

KO2

V205

Source: Franklin Associates,

Table 6-1a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
REFILLABLE PETG SOFT DRINK BOTTLES
(Emissions per 100,000 bottles assuming 6 trips per bottle)

Uunited States
Process Fuael Total
Emissions  Emissions Emissions

142 32 9.02
1.76 54 351
545 316 36.1
595 2.4 75
233 123 0.7
0.057 0.12 Q.27
0.08¢ 0.08¢
1.30 130
456E-04 1.36E-)4
1.0075 0.0020 0.0095
2.06E-06 0.0013 0.0013
7.358 7338
INE.M4 5.94E-)5 I81E-4
757E05 737EA5
2ME-4 294E-M4
0.0029 0.0029
0.0045 3.0045
0.0054 0.0054
8.60E4)5 8.60E-05
J4.0015 0.0015
1.06E-)4 1.o6E-)4
6.91E-04 8.91E-14
24SE- 145E-M4
9.40E-05 9.40E-)5

Lid.
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Mexico

Process Fuel Total
Emissions  Emissions Emissions
3.12E45 $.64 1.64
76 xro
194 194
5.02E-04 719 719
150 130
0.32 032
0.043 043
27 1.17 134
1.83E-04 1.33E-4
0.0050 0.0030
0.0025 0.0025
4.624 4,024
1.46E-M4 L46E-04
3.69E-05 232E-04 258E-4
2.16E-05 0035 1.035
0.0053 2.0033
3.0046 0.0046
0.020 9.020
4.20E-04 +20E-1
0.0020 0.0020
1.93E-04 1.93E-M
0.0017 0.0017
2.0012 2.0012
4.36E-04 $.35E-04
3.04 3.04
1.14E-04 LI4E-04
1.14E-04 L.I3E-04
L14E-04 LI4E-M




Waterborne Emussions (kg)
Aad

Metal ion
Dissolved Solids
Suspended Solids
BOD

coD

Phenoi

Sulfides

Qil

Sulfuric Acid
fron

Ammonia
Chromium

Lead

Zinc

Nickel

Mercury
Phosphates
Otier Chem.

Table 6-1b

SUMMARY OF WATERBORNE EMISSIONS FOR
REFILLABLE PETG SOFT DRINK BOTTLES
(Emissions per 100,000 bottles assuming 6 trips per bottle)

United States
Process Fuel Total
Emissions Emissions Emissions

0.052 157ED7 v0s2
0.051 0.0093 1.040
195 3.41 59
0.90 J.0049 391
1.05 30034 105
279 U.025 231
2B 3.00E-)5 2TIE-N
0.02¢ 0.024
026 0.099 .36
3.3 303
597E-4M .76 0.76
0.42 7 03E-04 .42
63 E-4 1.74E-%6 5.57E-04
2.39E-06 7.73ES)7 3.60E-)6
+S51E-04 1.14E<)5 +92E-04
0.0028 0.0026
0.047 N7

Source: Frankiin Assocates, Lid.

Mexico

Process Fuel Total
Emissions Emissions Emissions
1.U8E-26 1.08E-)6
J.020 0020
33.4 .39 >3
3.073 2073
1.10E-06 0.2¢ .24
1.10E-)6 J.40 .40
0.0045 .0045
1.03E-J3 0.0025 J.0025
).28 9.23
.54 0.3
0.084 0.084¢
0.042 0.082
5.86E-04 5.86E-04
351E-08 1.91E-06 1.96E-06
3.31E08 230E-)5 230E-)5
3.51E)8 331E-)8
1.01E-)7 1.01EQ7
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Non-Refillable PET Sof: Drink Bottles

Manufacturing Energy Requirements. Table 6-5 presents the energy
requirements for the manufacture of 100,000 PET edible oil bottles. The energy
usage is categorized by country and grouped by bottle and closure.

Process energy accounts for about 55 percent of the total energy for the
svstem. The PET bottle uses about 95 percent of the process energy. About 68
percent of the process energy for the bottle is used in the United States to
manufacture PET resin.

Transportation energy accounts for about six percent of the total energy.
About 98 percent of the transportation energy is allocated to the bottle. Sixty-two
percent of the transportation energy for the bottle is used in the United States for
PET resin production.

The energy of material resource accounts for 40 percent of the total energy
for the system. Ninety-two percent of this energy is used in the United States to
manufacture PET resin. The remaining eight percent is used in Mexico to make
HDPE resin for the closure.

Table 6-6 presents the energy profile for production of PET bottles.
Together, natural gas and petroleum account for about 84 percent of the total
energy for the system.

Electricity supplies all of the energy used to manufacture the PET bottles
and HDPE closures in Mexico. Consequently, the energy profile for Mexico is
indicative of the energy sources used to generate electricity.

Manufacturing Environmental Emissions

Solid Waste. Table 6-7 presents the solid waste for manufacturing
100,000 PET edible oil bottles. Included in this table is the postconsumer solid
waste generated from disposal of the bottles and closures.

Process solid waste accounts for about eight percent of the total solid
waste weight and about two percent of the total solid waste volume. About 89
percent of the process solid waste is produced in Mexico. This solid waste is
produced during PET bottle manufacture and consists of packaging material
used to deliver resin and other process waste.

Fuel-related solid waste makes up less than one percent of the solid waste
weight and volume.

Postconsumer solid waste accounts for 92 percent of the total solid waste
weight and about 98 percent of the total solid waste volume.
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Table 6-5

ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 NON-REFILLABLE PET BOTTLES FOR EDIBLE Ol

PET Edible OQil Bottle

United States

Mexico

Total Energy
HDPE Closure

Mexico

Total Energy
Package Total

United States

Mexico

Total Energy

Process Energy

Trangpartation Energy

Energy of Material Resource

Total Energy

Percent
G} of Total
172 417'%
80.8 89%
253 55%
12.0 4%
12.0 44%
172 7%
v2.7 79%
265 55%

Sowrce: Franklin Associates, L.

G

0.6Y

0.69

10.6

268

Percent
of Total

A%

ll‘“

6%

3‘%'

3%

4%

Y%

&%

G)

179

179

144

144

179
14.4

194

Percent
of Tutal

4 u"u

39%

53%

53%

9%

12'%

40%

Percent

G of Total
368 1OO%
9.7 100%
458 100%
27.0 100%
27.0 100%
368 100%
118 100%
485 100%

QI7 'S2IVIDOSSY NFDINVES
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PEY Edible Oil Bottle
United States
Mexico
Total Solid Waste

HDPLE Closare
Mexico
Total Solid Waste

Package Total
United States
Maexico

Tolal Solid Waste

Process Waste

Table 6-7

Fuel Waste

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000
NON-REFILLABLE PET BOTTLES FOR EDIBLE O11.

Postconsumer Waste

Total Solid Waste

kg

37.2
307

344

0.58

0.58

37.2
a7

344

Source: Franklin Associates, 1.td.

cubic ineter

0.046

0.34

0.43

7.271i-04

7.276-04

0.046

0.38

043

kg

7.21
5.34

12.6

154

154

7.21
20.8

28.0

cubic meter

0.0033

0.0067

0.010

0.019

0.019

0.0033

0.026

0.029

kg

3,850

3,850

254

254

4,104

4,104

cubic meter

18.3

18.3

2.59

2.59

209

209

kg

44.4
4,162

4,206

270

270

444
4,432

4,476

cubic melter

0.050

187

18.7

2.61

261

0.050

21.3

213
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Atmospheric and Waterborne Emissions. The total atmospheric
and waterbomne emissions for manufacturing PET edible oil bottles are presented
in Table 6-8a and 6-8b, respectively.

Most of the atmospheric emissions for operations in Mexico are fuel
related. These emissions are a result of procuction and combustion of fuels to
produce energy for manufacturing operations and transportation of raw
materials and finished products.

Process atmospheric emissions classified as “other organics” that are
released in Mexico are produced during production of the PET bottle. All other
process atmospheric emissions released in Mexico are from the production of
HDPE resin and fabrication of the closures.

All of the process waterborne emissions released in Mexico are from the
production of HDPE resin and fabrication of the closures.

Disposal Energy and Environmental Emissions

Table 6-9 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from
refillable PETG soft drink bottle systems (after the last filling) and PET edible oil
bottle systems. This equipment is assumed to use diesel as a fuel source;
therefore, this energy is derived from petroleum.

The fuel-related environmental emissions for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
refillable PETG soft drink bottle systems and the PET edible oil bottle systems are
presented in Tables 6-10 and 6-11, respectively.
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Atmospheric Emissions (kg)

Particulares

Nitrogen Oxides
Hydrocarbons

Suifur Oxides

Carbon Monoxide
Aldenvdes

Methane

Other Crganics
Kerosene

Ammonia

Lead

Fossil Carbon Dioxide
Hyvdrogen Chlonde
Mercury

Chlorine

Caromuum Compounds
Manganese Compounds
Nickel Compounds
Antmony

Arseruc

3eryilium

Cadmium

Cobait

Selenium

Sulfunic Aad

Nao2

K02

V205

Ethylene Giycol—="

FRANNLIN ASSOCIATES, LTD.

Table 6-8a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
NON-REFILLABLE PET BOTTLES FOR EDIBLE OIL

Source. Franklin Assocates, L.

(Emissions per 100,000 items)
United States
Process Fuel Total
Emissions Emissions Emissions
338 103 15.7
1.78 387 3753
1 75
kA3 541 52
4.3 188 83.1
45 031 173
0.11 0.11
35 373 323
0.0011 0.0011
0014 0.0075 002
392E-06 0.0021 0.0021
0056 12,423 12,425
1.2E04 lbnsd 2 6. 4ME-04
’ 1.38E-04 1.38E-4
561E-04 3.61E-04
0.0040 0.0040
0.0057 0.0057
0.015 0.015
I91E-04 291E-M4
0.0021 0.0021
226E-4 226E«M4
34.0013 0.0015
S.ZE04 $.23E-04
3.16E-04 3.16E-M4
0.60 0.60
6-14

Mexico
Process Fuel Total
Emissions Emissions Emissions
020 5.30 7.
[} B 36 59
143 23 ++.1
3381 126 130
0.059 177 1’3
0.1 .31
0076 0.076
0.78 3.9 4357
3.33E-R1 333E-1
0001 3.0071
0.0045 J.0045
7.086 7086
208E04 208E-04
4.18E-4 +.18E-4
0.061 0.061
0.0060 09060
0.0082 0.0082
0.037 0.057
739E-04 73PE-H
0.0036 9.0036
SA3E-4 S43E-H
0.0051 0.0031
0.0021 0.0021
J24E- M 3.24E4¢
349 349
137E-H 8. Pacth X
187E-4 LITE-4
137E-04 1375
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Table 6-8b

SUMMARY OF WATERBORNE EMISSIONS FOR
NON-REFILLABLE PET BOTTLES FOR EDIBLE Oomn

(Emissions per 100,000 items)
United States
Process Fuet Total
Emissions  Emissions Emissions
Waterborne Emussions (kg)
Acd (1821 1.63E-06 Q.14
Meai [on o 0.035 Jue3
Dissoived Soiics 390 99 33
Suspended Soids 13 0018 173
30D 9 0.020 bk |
CCD 79 0.095 35
Phenoi 6.34E-M4 L1I2E-04 T97E-M
Suifides 0.062 J).062
Gil (LS 0.28 0.3
Sulfur:c Acd 357 357
Iron 3.0011 0.39 0.90
Ammornia 3 0.0026 335
Chromium 0.0012 6.30E-06 0.0012
Lead 330E-v6 290E-06 3.40E6
Zinc 00013 4+.3SE05 0.0013
Phosohates 0.0069 J.0069
Other Chem. 034 DR

Source: “ranklin Assocates, Lid.
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Mexico

Process Fuei Total
Emissions Emissions Emissions
0033 153E-06 10335
09 04079
1.8 1.28
3026 0.:0 213
J017 0.3 036
J.082 Py .65
Q0065 J.0063
2.013 30035 J019
312 0.36 038
3. .60
.15 4.15
V0 0.059
3. ME-04 SHE-)
272ED6 haed 2 9
282E-14 3.99€-35 3.2E-%
J.0017 3.0017




Table 6-9

ENERGY REQUIREMENTS FOR DISPOSAL OF PET

AND PETG PACKAGING

(gigajoules for units disposed per 100,000 items)}

Packer Landfill
Truck Equipment
Energy Energy
PETG Soft Drink Bottle*
PETG Bottle 0.49 0.29
Polypropylene Closure 0.16 0.0%
Package Total 0.65 0.38
PET Edible Oil Bottle
PET Bottle 1.06 0.65
HDPE Closure 0.15 0.089
Package Total 121 0.2

* Allocated over six trips per bottle before disposal.

Source: Franklin Assodates, Ltd.
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0.26
1.03

1.69
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Table 6-10

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF REFILLABLE PETG SOFT DRINK BOTTLES

{Emissions for units disposed per 100,000 items)®

Land6ll Total
Packer Truck Equipment Disposal
Armospheric Emissions (kg)
Particula’es 0.051 0.036 2.098
Nitrogen Oades 032 048 130
Hvdrocarbons 921 iRV 233
Sulfur Cxades 3.19 0.11 031
Carbon Monoxde 026 0.15 42
Aldehydes 0.013 0.0075 2.020
Methane 3.99€-05 333E-5 LiSE-M
Other Orgacucs 137E-36 .12E07 LISE06
Kerosene 4. HE08 21535E-08 TOTE-IS
AmTona 6.80E-05 104E-05 108E-H
Lead 3TE-06 271E-06 T28E-)6
Fossil Carbon Dioxide 72 230 =2
Hvdrogen Chicnde 201E-»% L.19E-06 329E%
Mercurv i-49E-07 3.34E-08 hik vy -2 74
Chlorine 353E-05 109E-05 332E-)5
Chromium Compounds 124E-06 736E47 1.3%8E-06
Manganese Compounds 1.38E-06 3.17E07 Z19E-06
Nickel Compounds 1.36E-05 $.07E-26 LUESB
Aatmony 2.935E-07 1T4E07 497547
Arsenic 8.45E-07 5.02E07 13526
Bervilium TONE-08 4.18E-08 LI2EY7
Cadmum 1.05E-06 8.22E47 15706
Cobale 329E-Y 492E97 L52E-26
Seleuum 3.ISEW7 L39E-)7 3NTENT
Suifunc Acd 00022 0.0013 7.0035
Nazo2 1.35E-2% S.02E-07 1l%E-%
X2 1.35E-06 3.02E07 pREIE
V2Cs 135E-06 S.02E-57 1IZE-6
Sotid Wasce 'kg) 0.078 0.046 212
Solid ‘Vaste rcu m) 9.73E-05 57TEXS 133E-4
Waterbome Zmussions (kg)
Acd 6.61E-09 4+.01E-09 L.06E-08
Meml lon 23504 T33E-05 2 0E-M
Oissoived Soiids 0.0054 0.0033 J.0067
Suspended Solids $ATE-4 171IEM TISEM
800D 0.0015 9.00E-04 0.0024
coD 0.0025 0.0015 0.0040
Phenoi L79E-08 LOE-NS 1472405
Sulfides 151E-05 9.14E-06 1LEYS
Gil 0.0015 9.1SE-04 1.0024
Sulfunc Aad IS4ENS LI4E-0S 5.68E-)5
fron LI3E-0S 9.43E-06 i.31E-)5
Ammortua 235E-04 155E-04 4.10E-)4
Chromium 3.60E-06 118E-06 3.78E%6
Lead 1.17E-08 7.10E-09 L 38E-08
Zinc 1L72E07 LOSEO7 1T6EYT

* Allocated over six mps per bottle before disposal.

Source: franklin Associates, Lid.
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SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF NON-REFILLABLE PET BOTTLES FOR EDIBLE OIL
(Emissions for units disposed per 100,000 items)

Atmospheric Emissions tkg)

Particulates

Nitrogen Oxides
Hydrocarbons

Suifur Oxides

Carbon Monoxide
Aldenvdes

Methane

Kerosene

Ammorna

Lzad

fossil Carbon Cioxide
Hvdrogen Chionde
Mercury

Chionne

Chromuum Compounds
Manganese Compounds
Nickel Compounds
Anamony

Arsenuc

3ervilium

Cadmuum

Cobait

Seferuum

Sulfunc Aad

NazO2

xo2

VG5

Solid 'Waste tkg)
Solid Waste icu m)

Waterborne Equssions (kgy

————
Source: Franklin Associates. _id.

Acd

Metal fon
Bissoived Solids
Suspended Solids
30D

coD

Phenoi

Suifides

Qil

Sulfunc Aad
fron

Ammorua
Chromium

Lead

Zinc

Packer Truck
Emissions

011

33

039
236
0.9
3024
1.68E-H
236z
3.29E-8
12E-H
333E-)6
382
3.73E06
2TSEST
3.39E-05
232E6
237E4»%
238E-)8
5.48E-)7
1.38E-)%
132807
1.96E-36
1.332-%
395c-)7
2,001
2352590
132E-%
232E-%

Q.13
1L32E-H

A.0l1E<)9
L.23E-34

0.0054
4.47E-M

0.0015

0.0025
179E05
1.31E-)5

0.0015
354E)5
1.13E-08
2I5E-H
3.60E-)6
{ATE8

1L.2E7

Landfill
Equipment
Emissions

0.068
0.91

[ B

0.21
0.29
Q9.014
9.96E-)S
S2E-06
4.92E-08
734EAB
3.06E-%6
323
12ED6
1.85E407
391ES
1.37E-06
1.52E-06
I31E0S
32SE07
937EN7
~81E-08
1.16E-06
9.19E-07
335E07
0.0024

1 30E-)6
1.50E6
130E-06

0.086
1.08E-04

{+.01E-9
753E05

0.0033
LT1IE-H
9.00E-4

2.0015
1.69E-)S
9.14E-26
9 15E-}4
LI4E-05
533E06
133E-04
2.18E-06
7.10E49
1.04E-)7

Total
Disposal
Emissions

0.:8
Rt}
0.62
358
.78
0.037
2H8E-8
+07%-06
1328407
IRE-H
136c-5
110
337E-)%
+.+E)7
LOSE-34
369E436
$.10E-%
$.05E-)5
1t
232E-)6
1I0E7
3122906
24TE-)8
93.48E-)7
0.0060
$02E-06
$.02E-)6
4.02E-06

~
eand

290E-04

{.06E-)8
2.00E-M

0.0087
T.i8E-1

.0024

0.0040
+.47E-)5
242848

0.0024
3.58E-)5
1.81E4)8
4.10E-4
3.78E-%
1.38E-)8
27hENT



Chapter 7

ENERGY AND ENVIRONMENTA.L RESULTS
FOR POLYETHYLENE PACKAGING

INTRODUCTION

This chapter provides a summary of the energy requirements and
environmental emissions for the production, recycling and disposal of the
following packaging materials in Mexico:

¢ 100 ml HDPE shampoo bottles
* LDPE-film bread bags

The basis for the results presented in this chapter is 100,000 packaging units.
Supporting data for the HDPE and LDPE packaging systems are presented in
Appendix [ of the separately bound Appendix document. Data for production of
the polypropylene closure used on the shampoo bottle can be found in Appendix

The postconsumer recovery rates for the HDPE bottles and LDPE-film
bread bags examined in this study are assumed to be zero.

DATA SOURCES

Data supplied by producers in Mexico that use HDPE and LDPE resin to
produce packaging material indicated that the resin was obtained from
manufacturers in Mexico. Data for HDPE and LDPE production in Mexico were
not available for this study. Therefore, information from Franklin Associates’
database for resin production in the United States were used to estimate resin
production in Mexico. Likewise, data for the production of LDPE-film bread
bags in Mexico were estimated from information from Franklin Associates’
database. Data for the production of HDPE bottles were supplied by one
producer in Mexico.

The polypropyiene closure used on the HDPE shampoo bottle is assumed
to be produced from resin manufactured in the United States. Data for

polypropylene production in the United States were obtained from Franklin
Associates’ database.
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RESULTS AND DISCUSSION
HDPE Shampoo Bottles

Manufacturing Energy Requirements. Table 7-1 presents the energy
requirements for the manufacture of 100,000 HDPE shampoo bottles. The energy
usage is categorized by country and grouped by bottle and closure.

Process energy accounts for about 48 percent of the total energy for the
system. The HDPE bottle uses about 77 percent of the process energy, all of
which is used in Mexico. About 60 percent of the process energy for the closure
is used in the United States to manufacture polypropylene resin.

Transportation energy accounts for about two percent of the total energy.
About 62 percent of the transportation energy is allocated to the bottle; the rest is
used to produce the closure. About 56 percent of the transportation energy for
the closure is used in Mexico.

The energy of material resource accounts for 51 percent of the total energy
for the system. Seventy-six percent of this energy is used in Mexico for HDPE
resin production.

Table 7-2 presents the energy profile for production of HDPE shampoo
bottles. Natural gas accounts for about 70 percent of the total energy for the
system. About 69 percent of the total natural gas energy used in Mexico is the
energy of material resource for the HDPE resin (polyethylene resin manufactured
in Mexico is assumed to be produced from a natural gas feedstock).

Manufacturing Environmental Emissions
Solid Waste. Table 7-3 presents the solid waste for manufacturing
100,000 HDPE shampoo bottles. Included in this table is th+ postconsumer solid

waste generated from disposal of the bottles.

Process solid waste accounts for less than one percent of the total solid
waste weight and volume for the system.

Fuel-related solid waste makes up eight percent of the solid waste weight
and one percent of the solid waste volume.

Postconsumer solid waste accounts for 92 percent of the total solid waste
weight and about 99 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric
and waterborme emissions for manufacturing HDPE shampoo bottles are
presented in Table 7-4a and 7-4b, respectively.

7-2




Table 7-1

ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 HDPE SHAMPOO BOTTLES

Process Energy Transportation Energy Energy of Material Resource Total Eneegy
Percent Puercent Pereent Percent
Q) ot Total G of ‘Total i of ‘T'otal (] of Total
HDPE Shampuoo Bottles
Mexico 243 48% 7.6Y 2% 255 S0% 506 100%
Pulypropylene Closure
United States 425 KEYA 209 2% 78.6 64% 123 100%
Mexico 28.7 V1% 270 9% 314 100%
Toutal Energy 712 16% 4.79 I 78.6 51% 155 %
Package Total
Uniited States 42.5 4% 2.09 2Y% 78.6 64'% 123 100%
Mexico 272 S, 104 2% 255 47% 537 100%
Total Energy KIE] 48% 125 2% 334 51% 661 0%

Soutee: Franklin Associates, 1ad.
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L

LIDEE Shampoo Buttles
Mexico

Pulypivpylene Closure
United Stales
Mexico
Total

Package Total
United States
Mexico

total

ENERGY PROFILES FOR MANUFACTURE OF 100,000 HDPE SHAMPOO BOTTLES

‘Table 7-2

(G] per 100,000 [tems)

l:'ncl'u Praflle

Natural
Gas

36b

95.1

4.29

W4

Y5.1

3

465

Sowave: Franklin Associates, Lid.

Petrolevmn Coal Hydrupower Nuclear
106 2 1.0 640

19.6 540 U 28 219

209 1.85 1729 [N}

0.5 7.645 2.0 3.5

196 5.50 0.28 219

1269 121 11.75 7.55
146.5 179 12.003 9.75

Wouod Other

755

0.1y

1.36

1.58

0.19

L))

v

Total
Energy

506

123
314

155

123
537

(]
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- HDPE Shampoo Bottle
Mexico
‘Total Solid Waste
- - Polypropylene Closure
United States
Mexico
Total Solid Waste
oo Package Total
United States
Mexico

Tutal Solid Waste

Table 7-3

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000
HDPE SHAMPOO BOTTLES

Process Waste Fuel Wasle Postconsumer Wasle Total Solid Waste
ky cubic meter kg cubic meter hy cubivaneler kg cubic meter
103 0.013 334 (.42 4,5(N) 214 4,849 21.8
103 0.013 338 0.42 4,500 214 4,849 218 |
i
|
5.06 0.0063 81.5 0.037 86.6 0.044 |
[
{
60.9 1.076 1,400 143 1,461 144 |
5.06 0).0063 142 0.1 1,400 14.3 1,547 144 i
|
5.06 0.0063 81.5 0.037 6.6 0.044
103 0.013 399 0.50 5,9(4) 357 6,310 36.2
154 0019 481 0.54 5,900 35.7 6,396 36.2

Source: Franklin Associates, 1.id.
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Table 7-4a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR

HDPE SHAMPOO BOTTLES
(Emissions per 100,000 items)
United States Mexico |
Process Fuel Total Process Fuel Total |
Emissions Emissions  Emissions Emissions Emissions Emissions
Atmospheric Emissions (kg)

Particulates 034 133 1.67 347 129 163
Nitrogen Oxides 1.39 8.22 731 +.95 183 333
tHydrocarbons 36.7 193 360 253 117 369
Sulfur Oxides 192 718 9.10 K73 289 357
Carbon Monoxice 034 298 332 1.05 97 308
Aldehvdes 0.015 0.028 0.043 0.20 0.20
VMethane 0.04 0.044 028 J2.26
Other Crganics 0.36 036 215 215
Karosene 210E-4 210E-04 7I12E-04 7.12E-04
Amumonia 0.0019 183E-04 0.0022 2.014 0.014
Lead 3.26E-)7 1.33E-04 1.34E-4 0.0107 0.0107
Fossil Carbon Dioxide 2333 2,533 21333 21.333
Hyvdrogen Chioride 3.65E-05 8.34E-06 5.48E-05 +.02E-)4 +$.02E-04
Mercury 8.67E-06 3.67E-06 597E-04 8.97E-04
Chlorine 7.52E-05 752E-05 0.13 0.13
Chromium Compounds +.33E-04 +.33E-04 0.013 0.013
Manganese Compounds 7.29E-04 T.I9E-4 0.018 0.018
Nickel Compounds 3.32E-04 5.32E-4 0.079 0.079
Antimony 0.0016 0.0016
Arsenuc 2.26E-H 26E-M4 3.0076 J.0076
Bervilium 262E405 262E-)5 7.35E-4 7.35E-1
Cadmium 0.0067 0.0067
Cobalit L77E05 1.77E-05 0.0046 0.0046
Selenium 6.79E-06 4.79E-06 1.0018 1.0018
Suifuric Aad 11.9 119
Naio2 TS88E4M 7 38E-04
K02 7.88E-04 7 88E-4
V205 7.88E-34 T98E-U4

Source: Franklin Associates, Lid.
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Table 7-4b

SUMMARY OF WATERBORNE EMISSIONS FOR

HDPE SHAMPOO BOTTLES
{Emissions per 100,000 items)
United States Mexico
Process Fuel Tetal Process Fuel Total

Emissions  Emissions Emissions Emissions Emissions Emissions
Waterborne Emissions (kg)

Acd 0.i:9 6.14E-08 0.19 9.39 296E-06 039
Metal lon 0.0073 0.0013 0.0091 0.056 0.056
Dissolved Solids 5.16 084 5.00 246 L

Suspende:: Solids 053+ 6.91E-4 0354 047 0.20 0.67
BOD 3305 74E-4 0.306 0.30 0.66 056
cop 0.0 0.0036 0.64 143 1.10 255
Phenoi 2183E-)5 +21E-06 3.28E4)5 0.012 0012
Suifides 0.086 0.086 ry 0.0067 0.7
Cil 0.12 0.033 Q.15 0.2 0.76 0.98
Sulfunc Acd 0.49 0.49 | By 1.7
ron I5ZE04 0.12 0.12 032 0.32
Ammonia 6.39E-4 9.37E05 7.67E-04 0.114 0.114
Caromium 1.66E-6 1HEQ7 1.50E-06 0.0016 0.0016
Lead 7.37E07 1.09E-07 3.46E-07 3.24E-06 3.24E-06
Zinc 0.0016 1.39E-06 0.0016 0.0050 7.68E-05 0.0051
Phosphates 0.009 0.0096 0.030 0.030

Source: Frankiin Assocates, Lid.
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Most of the atmospheric emissions for operations in Mexico are fuel
related. These emissions are a result of production and combustion of fuels to
produce energy for manufacturing operations and transportation of raw
materials and finished products.

All of the process atmospheric and waterborne emissions released in
Mexico are produced during production of HDPE resin and fabrication of the
bottle.

LDPE-Film Bread Bags

Manufacturing Energy Requirements. Table 7-5 presents the energy
requirements for the manufacture of 100,000 LDPE-film bread bags. All of the
processes necessary for the production of LDPE bread bags take place in Mexico.

Process energy accounts for about 39 percent of the total energy for the
system. The ethylene and LDPE resin manufacturing steps account for about 41
and 40 percent of the process energy, respectively.

The energy of material resource accounts for 58 percent of the total energy
for the system. This energy represents the natural gas that is used as a raw
material for LDPE production.

Table 7-6 presents the energy profile for production of LDPE-film bread
bags. Natural gas accounts for about 82 percent of the total energy for the
system. About 72 percent of the natural gas energy is the energy of material
resource for the natural gas feedstock used as a raw material for LDPE
production.

Manufacturing Environmental Emissions
Solid Waste. Table 7-7 presents the solid waste for manufacturing
100,000 LDPE-film bread bags. Included in this table is the postconsumer solid
waste generated from disposal of the bags.

Process solid waste accounts for less than one percent of the total solid
waste weight and volume for the system.

Fuel-related solid waste makes up four percent of the solid waste weight
and two percent of the solid waste volume.

Postconsumer solid waste makes up the remaining 96 percent of the solid
waste weight and 98 percent of the total solid waste volume.
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Table 7-7

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000 LDPE BREAD BAGS

Process Wasle Fuel Wasle Postconsumer Wasle Total Solid Waste
kg cubic meter kg cubic meler kg cubic meter kg cublc meter
LDPE Bread Bagy
Mexico 200 0.0025 M43 0.043 874 221 910 225
Total Solid Waste 2.00 0.0025 343 0.043 874 221 910 2,25

Source: Franklin Associates, L.
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Atmospheric and Waterborne Emissions. The total atmospheric
and waterbomne emissions for manufacturing LDPE-film bread bags are
presented in Table 7-8a and 7-8b, respectively.

Most of the atmospheric emissions for operations in Mexico are fuel
related. These emissions are a result of production and combustion of fuels to
produce energy for manufacturing operations and transportation of raw
materials and finished products.

Process emissions account for a large portion of the waterborne emissions.
All of these emissions are a result of the LDPE resin manufacturing steps,
including production and processing of raw materials needed to make LDPE
resin.

Disposal Energy and Environmental Emissions

Table 7-9 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
HDPE shampoo bottle systems and the LDPE-film bread bags. This equipment is
assumed to use diesel as a fuel source; therefore, this energy is derived from
petroleum.

The fuel-related environmental emissions for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
HDPE shampoo bottle systems and the LDPE-film bread bags are presented in
Tables 7-10 and 7-11, respectively.

7-12
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Table 7-8a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR

LDPE BREAD BAGS
(Emissions per 100,000 items)
Mexico
Process Fuel Total
Emissions Emissions Emissions
Atmospheric Emissions (kg)

Particulates 0.15 1.32 147
Nitrogen Oxides 0.96 6.08 7.04
Hydrocarbons 36.7 18.1 4.8
Sulfur Oxides 13.1 2835 1.4
Carbon Monoxide 020 401 421
Aldehydes 0.054 0.034
Methane 0.035 0.035
Other Organics 0.69 0.69
Kerosene : 6.11E-05 6.11E-05
Ammonia 0.0013 0.0013
Lead 0.0011 0.0011
Fossil Carbon Dioxide 2,870 2870
Hydrogen Chloride 3.82E-05 3.82E05
Mercury 7.77E05 7.77E05
Chlorine 0.011 0.011
Chromium Compounds 0.0011 0.0011
Manganese Compounds 0.0015 0.0015
Nickel Compounds 0.0068 0.0068
Antimony 1.41E-04 1.41E-)4
Arsenic 6.59E-04 6.59E-04
Bervilium 6.33E-05 6.33E-05
Cadmium 5.83E-C4 3.33E-04
Cobalt 4.00E-04 4.00E-04
Selenium 1.53E-04 1.53E-04
Sulfuric Add 1.04 1.04
Na202 1.23E-04 1.23E-04
KO2 1.23E-04 1.23E-04
V205 1.23E-04 1.23E-04

Source: Franklin Assocates, Ltd.
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Table 7-8b

SUMMARY OF WATERBORNE EMISSIONS FOR

LDPE BREAD BAGS
(Emissions per 100,000 items)
Mexico
Process Fuel Total
Emissions Emissions Emissions
Waterborne Emissions (kg)

Add 0.11 231E407 011
Metal lon 0.0053 0.0053
Dissolved Solids 0.23 023
Suspended Solids 028 0.019 030
BOD 022 9.063 0.28
CoD 0.71 0.20 081
Phenol 0.0012 0.0012
Suifides 0.052 6.40E-04 0.053
Qil 3.043 0.080 012
Sulfuric Acid 0.11 0.11
Iron 0.027 0.027
Ammonia 0011 0011
Caromium 1.33E-04 1.33E-04
Lead 4.98E-07 1.98E-07
Znc 9.71E-4 7.30E-06 9.78E-4
Phosphates 0.0058 0.0058

Source: Franklin Assodates, Ltd.
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Table 7-9

ENERGY REQUIREMENTS FOR DISPOSAL OF
POLYETHYLENE PACKAGING
(gigajoules for units disposed per 100,000 items)

Packer Landfill
Truck Equipment
Energy Energy
HDPE Shampoo Bottie
HUPE Bottle 1.24 0.3
Polypropviene Ciosure 0.33 0.49
Package Total 2 1.23
LDPE Bread Bags 0.13 0.076

Source: Franklin Assodates, Ltd.
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Table 7-10

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF HDPE SHAMPOO BOTTLES

{Emissions for units disposed per 100,000 items)

Landfill Total
Packer Truck Equipment Disposal
Emissions Emissions Emissions
Amosphenc Zqussions (kg)
Partuculates 020 0.12 031
Nitrogen Oxades 250 155 415
Hyvdrocarbons 0.67 040 1.06
Sulfur Oxides 0.62 037 098
Carbon Monoxide 08 349 133
Aidehvdes 0.040 0.024 0.064
Methane ISTE-H 1.70E-H 137E-4
Other Crgarucs 136E-06 230E-26 0.96E-06
Kerosene L 31ET 3.40E-08 128E47
Ammorua LITE-O4 129E-4 5.46C-H
Lead 1.46E-15 3.65E-96 232E-5
Fossil Carbon Dioxide 130 39.4 210
Hydrogen Chlonde 6.40E-06 380E-96 1.02E-5
Mercury +TIEAT 1RET7 TIET
Chlorme L 13E-H 5.68E-05 19E-H
Chromrum Compourdds 3.95E-06 2.35E-06 4.30E-06
Manganese Compounds 139E-06 261E-D6 5.99E-06
Nickel Compounds +RE-B 238E05 5.32E-05
Anamoeny 33517 535E407 1.49E-06
Arsenc 270E-% 1.90E-)6 430E-%
3ervilium 13587 1.33E07 338E497
Cadmuum 334E-%6 1.98E-06 532606
Cobait 154E-)6 1.57E-06 121E-06
Seleium LO1E-6 3.03E-)7 L62E-)6
Sulfunic Aad 0.0070 0.0042 0.011
Na02 . 1351E-)6 1356E-06 2.37E-)
K02 131E-¥% 136E-06 ».37E-06
vios 431E-06 236E4)6 5.37E46
Solid Waste (kg) 035 0.15 13.40
Solid Waste :cu m) 3.10E-4 L3ME-04 $.94E-H
WNaterbome Egussions (key

Acd 6.61E+)9 4.01E-9 L.06E-)8
Metal lon L24E-04 T33E-05 2.00E-04
Dissolved Soiids 0.0054 1.0033 0.0087
Suspended Solids 447E-04 p24120 ) T.18E-H4
30D 0.0015 9.00E-24 9.0024
Cop 0.0025 0.0015 0.0040
Phenal 19E05 1.69E-05 4+47E-05
Sulfides 131E05 9.14E-06 JL2E-05
(o] 0.0015 9.15E-04 0.0024
Sulfunc Aad 334E-05 2.14E05 5.68E-05
{ron L13E4)5 6.83E-06 1.31E-05
Amumorua 133E-04 155E-04 4.10E-4
Chromium 3.60E-06 2.18E-06 5.78E-%
Lead 1L17E<8 7.10E-9 1.98E-08
Zinc LE-W7 LO4E7 176E07

Source: Franklin Assoc:ates, L:d.
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Table 7-11

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF LDPE BREAD BAGS

Landfll Total
Packer Teuck Equipment Disposal
Atmospheric Emissions (kg)
Particulates o012 0.0072 0019
Nitrogen Oxides 0.16 0.09% 026
Hydrocarbons .02 0.024 0.066
Sulfur Oxides 0.058 0023 2.061
Carbon Monoxide 0.052 . 0.031 0.083
Aldehydes 0.0025 00015 0.0040
Methane 19E-)5 1.0SE05 184E-5
Other Crganics 2NENT 1.61E07 $33E7
Kerosene 8.83E-9 520E-P9 L40E-)8
Ammonia 135E-)5 7.98E-06 115E-)5
Lead 9.09E-37 536E-07 LHE6
tossil Carbon Dioxide 939 353 119
Hydrogen Chioride 3.9E-7 235E-07 6 34E7
Mercury 296E-)8 1.75E08 {71E08
Chilorine TE6 1+.14E-06 LIZEDS
Chromium Compounds 247ENT 1.45E07 392897
Manganese Compounds 274E07 1.81E07 435E497
Nickel Compounds 2TIE-96 1.60E-)6 430E-06
Antmony 5.85E-08 3.4HE-08 $27E08
Arsenic 1.68E-)7 992E-08 157E7
Beryilium 1.40E-08 3.26E9 135E08
Cadmium 2.08E07 LI5E07 331E47
Cobait 1.85E-07 9.72E-18 2528-)7
Selenjum 6.33E-08 3.73E-28 LO1E7
Sulfuric Aad $.39E-04 259E-M 6.98E-1
Na202 2L89E-)T 138E-)7 R 3 274
KO2 159807 138E07 42TE
V205 289E07 S8E-)7 {E-7
Solid Waste (kg) 0.016 0.0091 0.025
Solid Waste (cu m) 1.94E-05 1.I4E0S 3.08E05
Waterborne Enussions (kg)
Acd 6.61E-9 $.01E-»9 1.06E)8
Metal Jon 1.4E-)% 733E405 L00E-1
Dissoived Solids 0.0054 0.0033 0.0087
Suspended Solids 147E-H4 L7IE-H 7.18E-04
BOD 0.0015 9.00E-04 0.0024
coD 1.0025 0.0015 0.0040
Phenol 279E-05 1.69E-05 447E4)S
Sulfides 1.51E-08 9.14E-06 LA2ENS
Oil 0.0015 9.15E-04 0.0024
Sulfuric Aad 3.34E-25 LI4E-05 5.68E-05
[ron 1.13E05 6.83E-06 L31E08
Amumonia 235E-4 1.35E-04 4.10E-M
Chromium 3.60E06 2.18E-)6 5.78E-06
Lead 1.I7E08 7.10E-09 1.88E-18
Zine 1.72E407 1.04E-07 L76E-)?

Source: Franklin Associates, Lid.
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Chapter 8

ENERCY AND ENVIRONMENTAL RESULTS
FOR PVC WATER BOTTLES

INTRODUCTION

This chapter provides a summary of the energy requirements and
environmental emissions for the production, recycling and disposal of PYC
water bottles. The basis for the results presented in this chapter is 100,000 PVC
water bottles. Supporting data for the PVC water bottle are presented in
Appendix J of the separately bound Appendix document. Data for production of
the HDPE closure used on the bottle can be found in Appendix H.

The postconsumer recovery rate for the PVC bottles examined in this
study is assumed to be zero.

DATA SOURCES

The PVC resin examined in this study is assumed to be produced in
Mexico from vinyl chloride monomer and resin modifiers produced in the
United States. Data for production of vinyl chloride monomer and resin
modifiers were taken from Franklin Associates’ database. Data for the
production of PVC resin fror. hese raw materials were taken from information
supplied by two resin producers in Mexico. Data for blowmolding PVC bottles
were supplied by one producer in Mexico.

The HDPE closure used on the water bottle is assumed to be produced
from resin manufactured in Mexico. Data for HDPE resin production in Mexico
were not available for this study. Therefore, information from Franklin
Associates’ database for resin production in the United States were used to
estimate resin production in Mexico.

RESULTS AND DISCUSSION

Manufacturing Energy Requirements. Table 8-1 presents the energy
requirements for the manufacture of 100,000 PVC water bottles. The energy
1-sage is categorized by country and grouped by bottle and closure.

Process energy accounts for about 59 percent of the total energy for the
system. The PVC bottle uses about 97 percent of the process energy. About 39
percent of the process eriergy for the bottle is used in the United States to
manufacture resin modifiers and vinyl chloride monomer.




PVC Water Bottle
United States
Muexico
Total Energy
HDPE Closure
P Mexico
)
Total Energy
Package Total
United States
Mexico

Total Energy

ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 PVC WATER BOTTLES

Prucess Energy

Table 8-1

Transportation linergy

Energy of Material Resource

Tolal Energy

Percent Percent Percent Percent

) of Total Gy of Total Gl of Total GJ of ‘Total
345 48% 8.0 2% 361 50% 724 100%
243 Y% 279 10%, 270 100%
587 59% 45.8 5% 361 36Y% Y94 100%
16.5 44% 095 3% 199 53% 323 100%
16.5 4% 0.Y5 3% 199 53% 373 100%
345 48% 18.0 2% 361 S0% 724 100%
259 84% 28.8 Y% 199 6'% 308 100%
604 SY% 46.8 5% 3u1 37% 1,032 100%

Source: Franklin Associates, 1.4d.
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Transportation energy accounts for five percent of the total energy. About
98 percent of the transportation energy is allocated to the bottle, the rest is used
to produce the closure. About 61 percent of the transportation energy for the
bottle is used in Mexico.

The energy of material resource accounts for 37 percent of the total energy
for the system. Ninety-five percent of this energy is used in the United States for
vinyl chloride monomer and resin modifier production.

Table 8-2 presents the energy profile for production of PVC water bottles.
Natural gas account for about 59 percent of the total erergy for the system.
Petroleum accounts for another 27 percent of the total energy.

Manufacturing Environmental Emissions

Solid Waste. Table 8-3 presents the solid waste for manufacturing 100,000
PVC water bottles. Included in this table is the postconsumer solid waste
generated from disposal of the bottles and closures.

Process solid waste accounts for about six percent of the total solid waste
weight and about two percent of the total solid waste volume.

Fuel-related solid waste makes up 11 percent of the solid waste weight
and three percent of the solid waste volume.

Postconsumer solid waste accounts for the remaining 83 percent of the
total solid waste weight and 95 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric and
waterborne emissions for manufacturing PVC water bottles are presented in
Table 8-4a and 8-4b, respectively.

Most of the atmospheric emissions for operations in Mexico are fuel
related. These emissions are a result of production and combustion of fuels to
produce energy for manufacturing operations and transportation of raw
materials and finished products.

Vinyl chloride process-related atmospheric emissions released in Mexico
are from the PVC resin production step. All of the other process emissions in
Mexico are from production of HDPE resin and fabrication of the closure.
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Table 8-2

ENERGY PROFILES FOR MANUFACTURE OF 100,000 PVC WATER BOTTLLS
(G per 100,000 Hems)

inergy Protile
Natural Tolal
Gas Petroleum Caal Hydipuwer Nuvlear Waad Other Loargy
PVC Water Bottle
United States S0 1} 729 322 252 214 724
Mexico 56.7 167 141 137 8729 104 270
.
Tutal 577 264 46 Y 16Y M 125 Vo4 ‘
HDPE Closure !
Moenico 2.1 7.03 {Led 1162 .40 (147 373 !
|
Tolal 2.\ 7.0 0.04 0.62 040 0.47 KY i
!
Package Tulal - ’ !
United States 521 {4} 729 22 252 2.14 724
Mexico g4 174 47 4.3 VAL 0.8 K}
Tutal o5 275 476 17.5 H4 13.0 1,032

Source: Franklin Associates, Ltd.



PVC Water Bottle
United States
Mexico
Total Sulid Waste

HDPLLE Clusure
Mexico
Tutal Solid Waste

Package Tutal
United States
Mexico

Total Sulid Waste

SOLID WASTE BY WEIGIHET AND VOLUMLE FOR MANUFACTURE OF wo,000
PVCWATER BOTTLES

rocess Waste

‘Table 8-3

Fuel Waste

Postconsumer Waste

Total Solid Waste

ky vubic meler kg vubic master Ky cubic muter ky cuble muter
273 $.34 Y7 1.2 1,270 1.59
556 0.6Y 465 (.58 10,003 §52.2 12,021 53.5
829 1.03 1,462 1.43 RN} LY 52.2 13,291 55.1
0.80 O 21.2 0.026 350 3.58 372 3.60)
0.80 0.0010 212 0.026 350 3.54 372 3.60)
273 0.34 w? 1.24 1,270 1.9
£56 0.69 46 0.6 11,360 55.4 12,393 57.1
830 1.4 1,483 1.45 11,350 55.8 13,663 58.7

Sowrce: Franklin Associates, ..
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Table 8-4a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR

PVC WATER BOTTLES
(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fael Total
Atmospnienc Emissions (kg)
Paracuiates 195 16.4 T4 0.z 170 75
Nitrogen Oxides 3.7 9l 9.5 339 312 ) g
Hvdrocarbons v 158 312 197 919 111
Sulfur Oxades 10.4 323 N3 53 335 338
Carton Monoxide 137 %3 e 0.081 6.0 6.7
Aldehvdes 0.086 2.7 .36 036 .36
Methane 9352 032 ) e 322
Cther Organics by 27 330 3%
Kerosene 4.002% 3.0024 3.63E-4 3.65E-)4
Ammonia 0.033 000 J.056 0.019 JU19
Lead 134E-% 3.0022 0.002 0012 0012
Fossii Carbon Dioxide 1516 316 20.268 20.258
Hvdregen Chioride 135284 $.02E-15 332EM 546E-04 546E-4
Mercury 0.0018 1.00E-3¢ 0.0019 0.0011 0.0011
Chlorine 0.0014 J.0014 Q.16 0.15
Caromium Compeunds 0.0055 0.0053 0015 2013
Manganese Compounds 0.0090 0.0090 2.021 0.021
Nickel Compounds 3.0060 0.0060 0.0% C.096
Antimony 0.0020 0.0020
Arsenic 2.0028 1.0023 0.0095 0.0093
Bervilium 3.20E-14 3.20E-M4 3SG1E-H 391E-4
Cadmuum V.0081 J.0081
Cobaijz 1.326-4 1.32E-M4 9.00S0 0.0055
Seleruum TO0E-05 T.00E-)5 2.0021 0.0021
Sulfunc Aad 143 143
Nal0o2 497E-H +97E-H
E(07] 197E-M4 +97E-4
V205 497E-)4 +97E-H
Yinyi Chlonde Monomer 185 83

Source: Franklin Assocates, Lid.
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Table 6-1b

SUMMARY OF WATERBORNE EMISSIONS FOR

PVC WATER BOTTLES
(Emissions per 100,000 items)
Process. Fuael Total Process Fael Total
Waterbome Emissions tkg)

Aad 051 5391E-07 0461 0.046 +02E06 3046
Metal [on 0.035 0013 2047 0476 0076
Cissolved Solids 350 794 H5.4 359 335 $7%
Suspended Solids 5% 0.0067 554 13 27 157
BOD 33 0.0073 33 3qn 090 3
oD 2635 0034 635 4.41 130 73
Phenot 0.0043 +.05E05 0.0043 0017 0017
Sulfides 0.8 (1 . 152 0.0092 1.33
Cit 052 025 087 0.065 097 103
Sulfunic Acid 507 6.07 33 13
fron 6.79E-)4 132 132 039 039
Ammnonia 0.0050 9.49E-0¢ 3.0039 Q.16 015
Chromium T37E06 135E-06 I.IED6 0002 0.0022
Lead 6.00E-06 1.05E-06 705E-06 7.13E<6 7.13E-06
Zinc 0.0052 133E05 0.0052 389E-14 104E-04 +ME-04
Nickel 1TED6 IE06

Mercury 4.97E-06 +97EN6

Phosphates 0051 0.031 .00 00023

Source: Frankiin Associates, Lid.
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Disposal Energy and Environmental Emissions

Table 8-5 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
PVC water bottle systems. This equipment is assumed to use diesel as a fuel
source; therefore, this energy is derived from petroleum.

The fuel-related environmental emissions for the operation of packer
trucks and landfiil equipment to dispose of postconsumner solid waste from the
PVC water bottle systems are presented in Table 8-6.

8-8




Table 8-5

ENERGY REQUIREMENTS FOR DISPOSAL OF
PVC WATER BOTTLES

(gigajoules for units disposed per 100,000 items)

Packer Landfill Total
Truck Equipment Disposal
Energy Energy Energy
PVC Water Bottles
PVC Bottle 305 1.30 132
HDPE Closure 0.21 0.12 0.33
Package Total 324 1.92 5.15

Source: Franklin Assodates, Ltd.
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Table 8-6

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF FVC WATER BOTTLES
(Emissions for units disposed per 100,000 items)

Landfill Total

Packer Truck Equipment Disposal
Emissions Emissions Emissions

Atmospheric Saussions tkg)
Paruculates st 0.18 949
Nitrogen Oxides 438 bR >) 630
Hydrocartons 1.0¢ 062 1.90
Sulfur Oxides 297 057 L3
Carbon Mcenoxide 1351 [\ oy 268
Aidehvdes 2063 2.037 0.10
Methane $49E-H 156E-4 7.16E-4
Cther Crgarucs 6. 3HE6 4.06E-06 LO9E-IS
Kerosene 1257 151E07 333E07
Ammorua 340E-04 102E-M 541EH
Lead 1I8E95 1.35E-05 3.63E-13
Fossil Carton Dioxade 6 140 374
Hvdrogen Chionde 1.00E-)S 5.4E-06 1.60E405
Mercury THENT 141E07 L.I9E-¥%
Chlonne 1.76E-H LISE-4 231E<R
Charomuum Compounds 6.20E-06 3.67E-06 9.37E-06
Manganese Compounds 5.58E-06 4.08E-06 1.10E-)5
Nickel Compounds 5.30E-15 +.03E4)5 1.08E-H
Antumony 1.i6E-26 3.69E07 2133E-06
Arsenic +22E96 1351E06 5.73E06
Bervilium 33BNV 299807 3.61E-07
Cadmuum 5.23E406 3.10E-06 $.34E-2%6
Caobalt $.14E-06 2.36E-06 5.00E-)6
Selenium L. 3E06 343E07 133E-¥%
Sulfunc Acd 0.011 0.0065 0.018
Na0o2 5.73E6 +.00E-06 1.08E-05
Ko 6.77E-%6 4.00E-26 1.08E-)3
Vo5 6.73E06 4.00E-06 1.08E-)5
Solid Waste 1kg) 039 0.3 N.02
Solid ‘Vaste (cu 3) +.86E-1 >.38E-H4 TT4E-H

Waterborne Equssions (kg?

Aad 8.01E-9 $01E-9 1.06E-28
Metal fon [24E-H 735E45 2.00E-
Dissolvad Solids 0.0034 2.0033 0.0087
Suspended Soiids 447 E-H I71E04 7.18E-04
30D 0.0015 9.00E-04 0.0024
COD 0.0025 2.0015 0.0040
Pheno! 2.79E-)S 1.69E-05 $47E-)5
Sulfides 131E95 9.14E-06 242E5
Oil 0.0015 9.15E-M 0.0024
Sulfunc Aad IS4ENS 2.14E405 5.68E-)5
tron 1.13E4S 5.33E-06 1.31E4)5
Ammorua 135E04 1.55E-4 4+.10E-4
Chromuum 3.60E-06 1L18E06 5.78E-06
Lead LI7E408 7.10E-9 1.38E18
Zinc 1L2E07 1.O4E-N7 2.76E0T7

Source: Franklin Associates, Lid.
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Chapter 9

ENERGY AND ENVIRONMENTAL RESULTS
FOR POLYPROPYLENE PACKAGING

INTRODUCTION

This chapter provides a summary of the energy requirements and
environmental emissions for the production, recycling and disposal of the
following packaging materials in Mexico:

* 354 ml polypropylene bottle for pancake syrup
* Woven polypropylene fabric sugar sack

The basis for the results presented in this chapter is 100,000 packaging units.
Supporting data for the polypropylene packaging systems are presented in
Appendix K of the separately bound Appendix document.

The postconsumer recovery rates for the polypropylene packaging
systems examined in this study are assumed to be zero.

DATA SOURCES

It is assumed for this study that the polypropylene resin used to
manufacture packaging in Mexico is produced in the United States. Data for
polypropyiene and HDPE resin production in the United States were taken from
Franklin Associates’ database. The polypropylene bottle for pancake syrup, and
the HDPE closures used on the bottle, are also produced in the United States.
Data for production of these components were taken from Franklin Associates’
database.

The woven polypropylene fabric sugar sack is manufactured in Mexico.
Data for production of this sack were supplied by one producer in Mexico.

RESULTS AND DISCUSSION
Polypropylene Bottle for Pancake Syrup

Manufacturing Energy Requirements. Table 9-1 presents the energy
requirements for the manufacture of 100,000 polypropylene pancake syrup
bottles. The energy usage is categorized by country and grouped by bottle and
closure. All of the process energy for the system is used in the United States.

Process energy accounts for about 36 percent of the total energy for the
system. The polypropylene bottle uses about 79 percent of the process energy.

9-1
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ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 POLYPROPYLENE PANCAKE SYRUP CONTAINERS

Process Energy

Transpodation Energy

Table 9-1

Ener&x of Malerial Resource

Total Energy

Percent Percent Percent Percent
GJ of Total ) of Tolal G) of Tolal | of Tulal
Polypropylene Pancake Syrup Bottles
United States 109 3I5% 15.6 5% 186 60% an 100%
Mexico 5.62 100% 5.62 100%
Total Energy 1 35% 21.2 7% 186 59% 7 100%
HDPE Closure and Cap
United States 28.5 45% 2.34 4% 329 52% 63.7 100%
Mexico .96 % 0.96 100%
Total Energy 28.5 4% 330 5% 329 51% 64.6 100%
Package Total
United States 138 7% 179 5% 219 58% 375 100%
Mexico 6.59 X% 6.59 100%
Total Energy 138 A6%% 245 6% 21 57% 381 100%

Source: Franklin Associates, [.ad.
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Transportation energy accounts for about six percent of the total energy.
About 85 percent of the transportation energy is allocated to the bottle; the rest is
used for the closure. Transportation energy is the only use of energy in Mexico
for this system. Energy for transportation in Mexico accounts for about two
percent of the total energy for the system.

The energy of material resource accounts for 57 percent of the total energy
for the system. All of this energy is used in the United States to manutacture
polypropylene and HDPE resin. Eighty-five percent of the energy of material
resource is used for the polypropylene bottle.

Table 9-2 presents the energy profile for production of polypropylene
pancake syrup bottles. Natural gas accounts for about 70 percent of the total
energy for the system, and petroleum accounts for about 19 percent of the total
energy. About 64 percent of the natural gas energy and petroleum energy used
in the United States is the energy of material resource for polvpropylene and
HDPE resin production.

Manufacturing Environmental Emissions

Solid Waste. Table 9-3 presents the solid waste for manufacturing
100,000 polypropylene pancake syrup bottles and HDPE closures. Included in
this table is the postconsumer solid waste generated from disposal of the bottles
and closures.

Process solid waste accounts tor less than one percent of the total solid
waste weight and volume.

Fuel-related solid waste makes up nine percent of the solid waste weight
and two percent of the solid waste volume.

Postconsumer solid waste accounts for 91 percent of the total solid waste
weight and about 98 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric
and waterborne emissions for manufacturing pancake syrup bottles and closures
are presented in Table 9-4a and 9-4b, respectively.

All of the atmospheric emissions and waterborne emissions for operations

in Mexico are fuel related. These emissions are a result of production and
combustion of fuels to transportation the bottle system components in Mexico.
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Table 9-2

ENERGY FROFILES FOR MANUFACYURE OF 100,000 POLYPROPYLENE PANCAKE SYRUP CONTAINERS
(G} per 100,000 Mtems)

I:'nerﬂ Profile

Natural

Gas

Polypropylene Pancake Syrup Buttles

United States
Mexico
Total

HDPE Closure and Cap

United States

¥-6

Mexico
Total

) PFackage Total
United States
Mexico

Total

-

Source: Franklin Associales, Ld.

227

227

100

40.0

267

267

Petrolewn

574

5.62

03.0

.1

0.Y6

7.5

6.59

74.1

Coal

18.6

8.6

Y.30

92.30

279

279

Hydropower

0.90

0.9

045

045

1.35

1.35

Nuclear

7.04

7.4

3.51

351

1.6

0.6

Wood Other

0.60

.60

0.30

0.30

0.9

(L9

Total
Energy

mn
5.62

37

63.7
096

64.6

375
6.59
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SOLID WASTE BY WEIGHT AND VOLUMLE FOR MANUFACTURE OF 100,000
POLYPROPYLENE SYRUP BO'TTLLES

Process Waste

Table 9-3

Fuel Waste

Postconsumer Waste

Total Solid Waste

kg

Polypropylene Syrup Bottles

United States 155
Mexico
Total Solid Waste 15.5

HDPE Closure and Cap

3 Uaited States 1.99
Maexico
Total Solid Waste 1.99
Package Total
United States 175
Mexico
Total Solid Waste 17.5

Sourve: Franklin Associates, Ltd.

cubic mwter

0.019

0.019

7.68E-04

7.6E-04

0.020

0.020

kg

262

0.68

263

128

0.12

128

390

0.79

390

cubic imeter

0.33

8.5K-04

033

0.16

14E-(4

0.16

049

9.91-04

0.49

kg

3,425

3,425

585

545

4,010

4,010

cubic meler

16.3

163

5.98

5.98

22.2

222

kg

277
3,426

3,703

130
585

715

107
4,011

1,418

cubic meter

0.35

16.3

16.6

0.16

598

6.14

0.5}

222

22,7
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FRANKLIN ASSOCIATES. LTD.

Table 9-4a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
POLYPROPYLENE PANCAKE SYRUP CONTAINERS

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions  Emissions  Emissions Emissions Emissions  Emissions
Atmospheric Emissions (kg)

Pardculates 1.29 712 8.41 0.56 056
Nitrogen Oxides 14 305 47 377 377
Hydrocarbons 102 38.5 161 2.13 113
Sulfur Oxides 3.36 329 383 197 1.97
Carbon Monoxide 0.94 16.5 175 132 152
Aldehydes 0.041 027 0.31 0.10 0.10
Methane 0.13 0.13 9.14E-4 9.14E-04
Cther Organics 115 415 L 104
Xerosene 0.0010 0.0010 $+S1E-07 451E-07
Ammonia 0.0053 0.0021 0.0075 6.92E-4 6.92E-04
Lead 1.46E-06 857E-04 3.58E-04 4.65E-05 4.65E-05
Fossil Carbon Dioxide 9,176 9,175 . 477 77
Hydrogen Chloride 1.57E-04 622E05 2.20E-04 2.04E-05 2.04E-05
Mercurv 387E-05 3.87E-05 1.52E-06 1.52E-06
Chiorine 210E-04 2.10E-04 3.59E-04 3.59E-04
Caromium Compow:ds 0.0021 0.0021 1.26E-05 1 26E-05
Manganese Compounds 0.0035 0.0035 1.40E-05 ©.E05
Nickel Compounds 0.0023 0.0023 138E-04 1.38E-04
Anamony 2.98E-06 198E-06
Arsenic 0.0011 0.0011 8.60E-06 3.60E-06
Seryilium 1.24E04 1.24E-04 7.16E-07 7.16E-07
Cadmium 1.07E-05 1.07E-05
Cobalt 7.00E-05 7.00E-05 8.4E-06 8.4E-06
Seieruum 2.69E-05 1.69E-05 3.24E-06 3.24E-06
Suifuric Aad 0.022 0.022
Naz02 1.37E-05 1.37E05
L(87] 1.37E-05 1.37E05
V05 1.37e-05 1.37E-05

Source: Franklin Associates, Lid.
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Table 9-ib

SUMMARY OF WATERBORNE EMISSIONS FOR
POLYPROPYLENE PANCAKE SYRUP CONTAINERS

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions  Emissions Emissions  Emissions Emissions
Waterborne Emissions (kg)

Aad J33 458E407 033 1.50E7 1.30E07
Metal lon 022 0.0097 3.031 0.0028 0.0028
Dissoived Solids 144 381 202 0.12 Q.12
Suspended Solids 135 2.0051 133 0.010 0.010
30D Vg 1.0056 .57 0034 0034
cOoD 1] 0027 1.73 0956 0.056
Phenoi 796cd5 3.14E-05 L11E-04 533E-1 333E-14
Sulfides 0.24 0.22 343E-H 3.43E-4
0,1] 032 0.13 Q.46 0.034 0.054
Suifuric Aad 235 235 S.ME-04 SO4E4
ron 2S¢ 03 039 56t 236E-04
Ammonia 0.0019 737E-04 0.0026 0.0053 0.0058
Caromium 451E-06 1.32E06 6.43E-06 S.17E05 3.17E9)5
Laad 206c-06 S.12E-07 237EQ6 2.66E-), 2.66E07
Zinc 0.0045 1.19E-05 9.0043 3.90E-06 350E06
Phosthates W R 27 2027

Source: Franilin Assoqates, td.
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Woven Polypropylene-Fabric Sugar Sacks

Manufacturing Energy Requirements. Table 9-5 presents the energy
requirements for the manufacture of 100,000 woven polypropylene sugar sacks.
The energy usage is categorized by country.

Process energy makes up 41 percent of the total energy for the system.
About 71 percent of the process energy is used in the United States to produce
polypropylene resin. The remaining process energy is used in Mexico to
manufacture the sugar sack.

Transportation energy accounts for four percent of the total process
energy for the system. Sixty-two percent of the transportation energy is used in
Mexico to transport the resin and other materials.

The energy of material resource accounts for 55 percent of the total energy
for the system. This energy represents the natural gas and petroleum raw
materials used in the United States to produce the polypropylene resin.

Table 9-6 presents the energy profile for production of woven
polypropylene sugar sacks. Natural gas accounts for about 68 percent of the total
energy for the system, and petroleum accounts for another 24 percent of the total
energy. The energy of material resource for the system makes up about 65

percent of the natural gas energy and 87 percent of the petroleum energy used in
the United States.

Manufacturing Environmental Emissions

Solid Waste. Table 9-7 presents the solid waste for manufacturing
100,000 woven polypropylene sugar sacks. Included in this table is the
postconsumer solid waste generated from disposal of the sacks.

Process solid waste accounts for less than one percent of the total solid
waste weight and volume for the system.

Fuel related solid-waste makes up about seven percent of the total solid
waste weight and two percent of the total solid waste volume.

Postconsumer solid waste makes up the remaining 92 percent of the solid
waste weight and 97 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric
and waterborne emissions for manufacturing woven polypropylene sugar sacks
are presented in Table 9-8a and 9-8b, respectively.
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ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 WOVEN POLYPROPYLENE SUGAR SACKS

Process Energy Transpurtation Energy Energy of Material Resource

‘Total Energy

Sugar Sacks

United States

~
~
~N

Total Energy

Sonrce: Branklin Associates, 1ad.

Paercent
G) of Total
803 100%
135 100%
Y3s 100%
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Table 9-7

SOLID WASTLE BY WEIGHT AND VOLUME

FOR MANUFACTURE OF 100,000
WOVEN POLYPROPYLENI:

SUGAR SACKS

Prucess Waste Fuul Waste

—_— Postconsumur Waute Total Solid Waste
kg cubic meter kg cubic meter kg cubic meter hy cubic meter

° Sugar Sacks
—
—

United States 33.0 0.1 531 0.24 564 0.28

Mexico 55.8 0.070 23y 0.30 9,500 24.0 9,795 U4

‘Total Sulid Waste 84.8 on 770 0.54 Y,5(0) 24.0 10,359 24.6

Source: Franklin Associates, Lad.




FRANIKLIM ASSOCIATES, LTD

Table9-82

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
WOVEN POLYPROPYLENE SUGAR SACKS

(Emissions per 100,000 items)
Cnited States Mexico
Process Fael Total Process Fuel Total
Emissions  Emissions Emissions Emissions  Emissions Emissions
Atmostpheric Exussions (kg)

Pardcuiates 12 355 109 3t 976 121
Nitrogen Oxides 104 03 X9 35.6 356
Hvdrocarbons 59 125 363 36.4 36.4
Suifur Oxides 123 163 R3 161 161
Carbon Monoxide 29 93 ) 395 25
Algehydes 0.095 0.18 0.8 241 0.41
Methane 223 0.28 0.091 0.091
Cther Orgarucs 136 236 333 $33
Xerosene 0.0014 0.0014 +.24E-04 4 24E-4
Ammonia 0.012 10018 2014 0.010 J.010
fead 343E-)6 90012 0.0012 0.0057 2.0057
Fossil Carton Dioxide 16,509 16,509 : 3,097 9.097
Hyvdrogen Chioride 3.68E-04 545E05 $1.35E-04 294E-04 294E- M
Mercury 383E05 3.55E405 333E-M4 3.33E-H4
Chiorine 190E-H 1 90E-04 ).079 0079
Caromuum Campounds 0.0030 1.0030 0.0076 20076
Manganese Compounds 0.0048 0.0048 2.010 0.010
Nickei Comgounds 0.0035 0.0055 2.047 0.047
Andmony 3 4BE-H 9.68E-H
Assenuc 3.0C13 0.0015 Q045 0.0045
Bervilium LTIE-H LIEAM +37E-H 137E-04
Cadmuum 0.0040 1.0040
Copait LISE-4 LISE-04 0.0027 2.0027
Seieruum 443E05 $.43E-05 2.0011 0.0011
Suifunc Acd 7.00 7.00
NazQ2 2152E-H 132E-04
XC2 " 232E04 232E-4
V205 232E-M4 132E-04

Source: Franklin Associates, Ltd.
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Table 9-8b

SUMMARY OF WATERBORNE EMISSIONS FOR
WOVEN POLYPROPYLENE SUGAR SACKS

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fael Total
Emissions Emissions  Emissions Emissions  Emissions Emissions
Waterborne Emissions (kg)

Add 124 $.00E07 124 216E-06 Z16E-06
Metal fon 0.051 0.0085 0.09 0.041 0.041
Dissolved Solids 336 349 9.1 130 1.
Suspended Solids 348 0.0045 5.48 Q.13 Q.15
30D 1.9 1.0049 200 .49 2.49
CCoD 415 .03 417 0.8t J.81
Phenol 1.86E-)12 273ES ZI14E-M 0.cCot 3.0091
Sulfides 036 0.36 0.0049 0.0049
Qil 0.75 o 0.97 331 0.51
Sulfunc Acd 321 3. 0.76 0.76
tron 0.0010 0.30 0.30 0.19 Q.19
Ammonia 0004 6.43E-4 0.0050 0.083 0.083
Chromium 1.08E-5 159E-06 L24E)S 0.0012 0.0012
Lead 481E-36 7.09E-07 3.32E-06 334E-06 3.84E-06
Zinc .01 LO4E-)S 0.011 5.62E05 5.62E05
Phosphates 0.065 0.063

Svurce: Franilin Assocates, [:d.
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All of the atmospheric and waterborne emissions for operations in Mexico,
except atmospheric particulate emissions, are fuel related. The fuel-related
emissions are a result of production and combustion of fuels that supply energy
for manufacturing operations and transportation of raw materials and finished
products. Process atmospheric particulate emissions in Mexico are produced
during production of the filler material used during production of the woven
polypropylene fabric.

Disposal Energy and Environmental Emissions

Table 9-9 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
polypropvlene pancake syrup bottle svstems and the woven polypropvlene
sugar sacks. This equipment is assumed to use diesel as a fuel source; therefore,
this energy is derived from petroleum.

The tuel-related environmental emissicns for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
polypropylene pancake syrup bottle systems and the woven polvpropylene
sugar sacks are presented in Tables 9-10 and 9-11, respectively.
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Table 9-9

ENERGY REQUIREMENTS FOR DISPOSAL OF
POLPROPYLENE PACKAGING
(gigajoules for units disposed per 100,000 items)

Packer Landfill Total
Truck Equipment Disposal
Energy Energy Energy
Polypropylene Pancake Syrup Bottle
Polypropyvlene Bottle 0.94 0.56 130
Polypropylene Closure and Cap 0.34 021 035
Package Total 1.29 076 205
Woven Polypropylene Sugar Sack 1.40 0.83 133

Source: Frankiin Associates, Ltd.
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Tabie %10

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF POLYPROPYLENE PANCAKE SYRUP CONTAINERS
(Emissions for units disposed per 100,000 items)

Landfill Totai
Packer Truck Equipment Disposal
Emissions Emissions Emissions
Amnosphenc Erussions tkg)
Partculates g.12 0072 0.19
Nitrogen Oxides 12 0.96 239
tHvdrocarbons 041 025 .66
Sulfur Oxides 938 023 051
Carbon Monoxide 032 031 085
Aldehvdes 0.025 0.015 DIV
Mezhane L9E-H LJ6E-H 135E-M
Other Organics jubgd 204 L.32E-26 +34E-2%6
Kerosene 3.85E-08 3.24E-08 Li1E47
Ammonia 13584 3.03E5 216E-M4
Lead 9.08E-)6 339E-% LiSE-)5
fossil Cacbon Dioxide 939 357 150
Hyvdrogen Chlonde 3.99E-36 137E9% 3.36E-06
Mercury 296E47 1.76E-07 {72E07
Chionne TO2EDS 117845 LI2E-M4
Chromium Compounds 147E-06 1.46E-06 3.93E-26
Manganese Compounds 274E-06 1.62E-06 436E-%6
Nicke! Compounds LTIE0S L61E-05 $31E-05
Antmony 3.33E7 5.46E-)7 S29E0T
Arsenuc 1.66E+36 3.98E-07 238E-06
3ervilium L40E7 332£-08 J5ET
Cadmmuum 2.08E-26 1.24E-J6 3.52E4%
Cabait 1.83E-¥% 9.79E-)7 2.95E46
Seieruum 2. 33E-)7 3.76E-07 LIEE
Sulfunc Acd 0.00++ 0.0026 2.0070
NazO2 159536 1.60E-36 +.28E-)6
Ko2 259E-06 1.60E-96 +.28E-)6
V203 2.59E-06 1.50E-06 4.28E-06
Solid Waste 1kg) 215 0.092 0.5
Solid Waste cu m) LME-H L.15E-04 3.08E-)4
Waterborme Emussions kg)
Aad 6.61E-)9 4+.01E-9 1.06E-18
Metal lon 1.24E-}4 T33ED5 2.00E-04
Dissolved Solids 0.0054 0.0033 1.0087
Suspended Solids $47E- 1TIE-H 71BE-H
300 0.0015 9.00E-24 1.0024
Ccoo 0.0025 1.0015 1.0040
Phenoi 2.79E-)5 1.09E+15 4.47E45
Sulfides S1E-)5 3.14E-2% L42E3
(o]l 0.0015 9.15E-04 0.0024
Sulfunc Acd 13HES 1.i4E-05 5.,8E-)5
{ron LI3EN5 2.33E-06 L.31E4)5
Ammorua 13584 L35E-H 4.10E-04
Chromium 3.60E-06 2.18E-06 3.78E-)6
Lead 1.17EN8 ~.10E-® 1.38E~)8
Zinc 1.2E97 LUJE-D7 276E7

Source: Franklin Associates, Lid.
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Table -11

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF WOVEN POLYPROPYLENE SUGAR SACKS

(Emissions for units disposed per 100,000 items)

Landfill Total
Packer Truck Equipment Disposal
Emissions Emissions Emissions
Atmospheric Emissions (kg)
Particulates 913 0.078 021
Nitrogen Oxides w7 1.04 131
Hydrocarbons 045 07 0.2
Suifur Orides 942 025 0.66
Carbon Monoxide 036 033 0.90
Aldehydes 3027 0.016 0.043
Methane L94E-M LISE-H 3.09E-4
Other Organics 2.96E-06 174E-06 4+70E06
Kerosene 959E418 5.66E-18 132E07
Ammonia L47E-M 8.67E-05 1HE-M
Lead 9 8BE-06 3.82E-06 L37E5
Fossil Carbon Dioxide Hig 60.1 162
Hydrogen Chionde 434E-06 156E-26 8.39E06
Mercury kel ) g 1.90E-)7 5.12E97
Chiorae T63E-15 4.30E-05 121E-04
Chromium Compourds 2.68E-06 1.38E-06 426E-06
Manganese Compounds 2.98E-06 1.75E-06 173E06
Nickei Compounds J9MEQS 1.73E0S 1.68E-15
Antimony 534E-)7 374E07 LO1E-)6
Arsenic 1.83E%6 1.08E-06 191E-06
Beryilium 152897 8.98E-08 L8897
Cadmium L7E6 134E-%6 3.60E-J6
Cobalt L79E-}6 1.O6E-)6 183E-%
Seleruum 6.38E-)7 1.06E-07 1.09E-26
Sulfunc Aad 0.0048 0.0028 0.0076
Ne™ R 292E06 1.72E-06 164E-)6
K02 2.92E-06 1.72E06 4.64E06
V205 29E-26 L72E-%6 +.2E-)6
Solid Waste (kg) 0.17 0.10 (1 inrg
Solid Waste (cu m) 2.10E-04 1.24E-04 334E-H
Waterborne Emussions (kg?
Aad 6.61E-09 +01E-09 1.06E-8
Menal lon 124E-04 733E-05 200E-04
Dissolved Solids 0.0054 0.0033 0.0087
Suspended Sciids 147E-04 171E-04 7.18E-M4
BOD 0.0015 2.00E-4 0.0024
coo 0.0025 0.0015 0.0040
Phenol 2.79E-15 L.69E-05 44TE05
Sulfides 151E05 9.14E-06 1RES
Cil 0.0015 9.15E-14 0.0024
Sulfunic Add 3.54E08 214E-05 5.68E-03
[ron 1.13E05 6.83E-06 1.81E405
Ammonia 255E-04 135E-4 4+.10E-04
Chromium 3.60E-06 L18E-06 3.78E-06
Lead 1.17E-08 7.10E-09 1.88E08
Zinc L72E97 LO4E-07 276E-07

—_——
Source: Franklin Assoqates, Ltd.
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Chapter 10

ENERGY AND ENVIRONMENTAL RESULTS
FOR POLYSTYRENE PACKAGING

INTRODUCTION

This chapter provides a summary of the energy requirements and
environmental emissions for the production, recycling and disposal of the
following packaging materials in Mexico:

e 240 ml high-impact polvstyrene (HIPS) vogurt containers
* Expanded polystyrene (EPS) crates for grapes

The basis for the results presented in this chapter is 100,000 packaging units.
Supporting data for the polvstyrene packaging systems are presented in
Appendix L of the separately bound Appendix document. Data for production

of the aluminum foil seal used on the yogurt container can be found in Appendix
C.

The postconsumer recovery rates for the polvstyrene packaging svstems
examined in this study are assumed to be zero.

DATA SOURCES

It is assumed for this study that the polystyrene resin used to manufacture
packaging in Mexico is produced in Mexico. Data specific to Mexico for the
production of styrene monomer, mineral oil (used as a modifier in HIPS) and the
blowing agent used for EPS production were not available for this study.
Therefore, data taken from Franklin Associates’ database for similar operations
in the United States were used to estimate the situation in Mexico for these
production systems. Polybutadiene used as a modifier for HIPS production is
assumed to be produced in the United States. Data for production of this
material are taken from Franklin Associates’ database.

Data for the production of EPS in Mexico were derived from information
supplied by two producers in Mexico, data for HIPS production were supplied
by one producer in Mexico, data for yogurt cup production were supplied by
two producers in Mexico, and data for EPS crate production were supplied by
one producer in Mexico.

Aluminum foil used to make the seal for the yogurt cup is assumed to be

produced in the United States. Data for aluminum foil production were taken
from Franklin Associates’ database. Data for fabrication of the seal were not
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available; however, the resource requirements and environmental emission for
this step were assumed to be negligible.

RESULTS AND DISCUSSION
HIPS Yogurt Cups

Manufacturing Energy Requirements. Table 10-1 presents the energy
requirements for the manufacture of 100,000 HIPS yogurt containers. The energv
usage is categorized by country and grouped by container and seal.

Process energy accounts for about 30 percent of the total energy for the
system. The HIPS container uses about 88 percent of the process energy. Ninety-
eight percent of the process energy for the container is used in Mexico to produce
the resin and the container. Process energy used in the United States for the
container is used to produce polybutadiene (used as a modifier for the HIPS).
About 12 percent of the total process energy is used in the United States to
produce the aluminum foil for the seal.

Transportation energy accounts for about three percent of the total energy.
About 88 percent of the transportation energy is allocated to the container, the
rest is used for the foil seal. Ninety-seven percent of the transportation energy
for the container is used in Mexico. Transportation energy is the only use of
energy in Mexico for the foil seal.

The energy of material resource accounts for 48 percent of the total energy
for the system. About 95 percent of the total energy of material resource is used
in Mexico to produce polystyrene resin for the container. The energy of material
resource for the aluminum foil seal (about one percent of the total energy for the
system) represents metallurgical coke and petroleum pitch used during the
aluminum smelting step.

Table 10-2 presents the energy profile for production of HIPS yogurt
containers. Natural gas accounts for about 40 percent and petroleum accounts
for about 51 percent of the total energy for the system. About 36 percent of the
natural gas energy and about 65 percent of the petroleum energy used in Mexico
is the energy of material resource for polystyrene resin production.

Manufacturing Environmental Emissions
Solid Waste. Table 10-3 presents the solid waste for manufacturing

100,000 HIPS yogurt containers and foil seals. Included in this table is the
postconsumer solid waste generated from disposal of the container and seal.
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Table 10-1
ENERGY REQUIREMENTS FOR MANUEACTURE OF 100,000 111PPS YOGURT CONTAINERS

Transpurtation Encrgy Encrgy of Material Resource Total Energy

Process Euer&y

£-01

Percent Percent Percent Percent
GJ of 'Total G) of Total G of Total 3) of Total
HIPS Yogurt Containers
United States 1.23 31% 0.10 3% 2.62 66% 3.95 100%
Mexico 54.5 7% 3.15 3% 62.2 SO% 24 100%
Total Energy 59.7 47% 325 3% 64.8 51% 128 100%
Aluminum Foil Seal
United States 8.25 88% 0.36 4% 0.81 9% 941 100%
Mexico 0.071 100% 0.071 100%
‘Total Energy 8.25 87% 043 4% 0.81 9% 9.48 100%
Package Total
United States 948 71% 0.46 3% 343 26% 134 100%
Mexico 58.5 47% 322 3% 62.2 S50% 124 100%
Tolal Energy 63.0 50% 3.67 3% 65.6 48% 137 1%

Source: Franklin Assaciates, 1.4d.
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ENERGY PROFILES FOR MANUFACTURE QF 100,000 11PS YOGURT CONTAINERS

Table 10-2

(G) per 100,000 Htems)

Lnergy Protile

Natural
o Gas
) HIPS Yogurt Containers
Uanited States 363
Mexico ¥4
Total 531
Aluminum Loil Scal
p—
'
- United States 214
Meaico
- Total 214
)
Package Tutal
United States 576
o Mexico 9.4
Total 552

Source: Franklin Associates, Lad.

Petroleam Coal
018 u.i5
681 K,
68.2 203
1.54 336
Q71
1.61 3.36
1.72 352
68.1 1.88
6v.9 53

Hydropower

O.ARNZS

1.84

L84

1.54

1.54

1.55

1.84

3.38

Nudlear

0057

1.17

1.23

0n.al

041

).

117

2.05

Waood

Otlier

0.00+,

138

1.39

0vleé

0.6

0.021

1.38

1.41

Tolal
Energy

4.02
124

128

V.41
0.07)

Y.48

134
124

137
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SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000
HIPS YOGURT CONTAINERS

Process Waste

‘Table 10-3

Fuel Waste

Pustconsumer Wasle

‘Total Solid Waste

HIPS Yogurt Containers
United States
Mexico
Total Sulid Waste

Aluminum Fuil Seal
United States
Menxico
Total Sulid Waste

Package Total
United States
Mexico

Total Solid Waslte

kg

0.038
44.2

44.2

732

73.2

733

14.2

117

Source: Franklin Associates, Lid.

cubic meter

4.8L: 05

0.055

0.055

0091

0.091

0.091

0.055

0.15

\g

65.0

4929
0.0085

429

45.0
629

106

cubic meter

0.0027

0.079

0.081

.05+

1.1E-05

0.054

0.056

0.079

0.13

kg

1171

1,171

41.1

111

1,212

1,212

sl

cubic meter

5.56

556

013

013

5.68

5.08

kg

2,19
1,278

1,280

lio
41.1

157

118
1,319

1,437

cubic meler

0.0027

5.69

5.70

0.14

0.13

0.27

0.15

5.82

597
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IES, LTD.

Process solid waste accounts for about eight percent of the total solid
waste weight and about three percent of the solid waste volume.

Fuel-related solid waste makes up eight percent of the solid waste weight
and two percent of the solid waste volume.

Postconsumer solid waste accounts for 84 percent of the total solid waste
weight and about 95 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric
and waterborne emissions for manufacturing HIPS yogurt containers and foil
seals are presented in Table 10-4a and 10-4b, respectively.

Process atmospheric and waterborne emissions released in Mexico come
from production of the polystyrene resin and fabrication of the container.

Expanded Polystyrene Crates for Grapes

Manufacturing Energy Requirenients. Table 10-5 presents the energy
requirements for the manufacture of 100,000 EPS crates. All of the energy for this
system is used in Mexico.

Process energy makes up 60 percent of the total energy for the system.
About 61 percent of the process energy is used during the crate fabrication step.

Transportation energy accounts for four percent of the total process
energy for the system.

Ti:e energy of material resource accounts for 36 percent of the total energy
for the system. This energy represenis the natural gas and petroleum raw
materials used to produce the polystyrene resin.

Table 10-6 presents the energy profile for production of EPS crates.
Natural gas accounts for about 32 percent of the total energy for the system, and
petroleum accounts for another 63 percent of the total energy. The energy of
material resource for the system makes up about 31 percent of the natural gas
energy and 41 percent of the petroleum energy.

Manufacturing Environmental Emissions

Solid Waste. Table 10-7 presents the solid waste for manufacturing
100,000 EPS crates. Included in this table is the postconsumer solid waste
generated from disposal of the crates.

Process solid waste accounts for about one percent of the total solid waste
weight and less than one percent of the total solid waste volume for the system.
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TES, LTD

Table 104a
SUMMARY OF ATMOSPHERIC EMISSIONS FOR
HIPS YOGURT CONTAINERS
(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fue} ‘Total
Emissions  Emissions Emissions Emissions  Emissions Emissions
Atmospheric Emissions tkg)

Particulates 1.64 0.63 131 046 57 3.0
Nitrogen Oxides 0.015 i 213 1.54 11.7 133
Hydrocarbons 213 2 416 6.2 2935 75.7
Sulfur Oxides 0.73 34 119 1 313 N1
Carbon Monoxide +12 276 4.87 0.13 72 735
Aldehydes 37E-04 0.0080 0.0086 0.080 0.086 0.17
Methane 0.0052 0.0052 0055 0.059
Other Organics 0.051 0.051 0.18 133 141
Kerosene 3.2E4)5 3.2E905 L1E-)4 1.IE-04
Ammonia +.1E-04 1.OE-)4 5.2E04 0.056 0.0025 0.058
Lead 2.0E-08 99E5 99E-35 1.4E-4)6 0.0019 0.0019
Hydrogen Fluoride 0.0%0 0.090
Fossil Carbon Dioxide 613 365 626 1944 1,944
Hydrogen Chioride 22E-06 3.1E06 33E6 1.5E-4 7.5E05 22E-04
Mercury 1.3E-06 13E06 6.1E06 14E-M4 1.4E-04
Chlorine A +.7E06 0.0020 0.021 0.023
Chromium Compounds L3E-4 J3E-H 0.0020 0.0020
Manganese Compounds +.1E04 411E-04 0.0028 0.0028
Nickel Compounds 13E0 13E4 0.013 2.013
Antimony 14E07 L4E07 25E04 29E-}4
Arsenic 13E-04 13E04 0.0012 0.0012
Beryilium 132405 1L.5E05 1.2E-4 L.2EQ4
Cadmium 22Ed 22E06 0.0011 0.0011
Cobait 5.3E06 53E-06 74E-4 7.4E-)4
Selenium 22E06 12E06 19E-04 219E-)4
Sulfuric Acid 1.93 1.93
Na20r 1.9E-04 1.9E-0%
KO2 1.9E-04 1.9E-)4
V205 1.9E-04 1.9E-04

Source: Franklin Associates, Ltd.
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FRANKLIN ASSOCIATES, LTD.

Table i0-4b

SUMMAR". OF WATERBORNE EMISSIONS FOR

HIPS YOGURT CONTAINERS
(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions Emissions Emissions Emissions  Emissions
Waterborne Emissions (kg)

Acd 0.0094 23E-08 0.0094 0.041 53E7 0.041
Metai lon 0.022 +3E-M 0.022 0020 0010 0.03t
Dissolved Solids .21 0.28 0.50. 4385 0.46 331
Suspended Solids 1.03 25E-M 1.03 0.74 0.057 077
BOD 312 13EH4 .12 2.38 012 2.70
coD 095 3.0013 0.95 117 0.21 137
Phenol 73E-26 1.aE-06 9.0E06 0.013 0.0025 0.016
Sulfides 5.0E07 5.0E-07 0.030 0.0013 1.031
Cil 0.19 0.0056 0.20 034 0.15 0.49
Sulfuric Aad 0.28 .28 0.20 0.20
{ron 00023 0.070 0072 4.0E-M 0.050 1.050
Hydrocarbons 0.0011 0.0011
Ammonia 0.0044 3.7E05 0.0044 0042 0021 0.065
Chromium 6.4E-08 9.0E-08 1.5E407 39E-04 3.0E-04 39E-4
Lead 3.1E28 $.0E-08 7.2E-)8 1.9E-06 9.8E407 29E-06
Zinc 42E07 59E07 1.0E-06 37E-M 1.4E-)5 3.9E-04
Fluorides 0.013 0.013
Crarude 14E-05 1.4E-05
Nickel L7E09 1TE-9
Mercury 1.9E-9 4+.9E-)9
Phosphates 0.038 0.038 0.0035 0.0035
Chloride 5.1E4}4 8.1E-04

Source: Franklin Assocates, Lid.
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Table 10-5

ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 EPS CRATES

Process Energy Transpottation Energy Energy of Matedial Resource Total Bnergy
Pevcent Peccent Pueseent Percent
) of Total G) o Total G) of Total qGJ of Total
Expanded Polystyrene Crates
Mexico 3,181 6% 229 1% 1,908 6% 5,318 100%
Total Energy 3,181 6% 229 1% 1,908 36% 5,318 100%

Source: Franklin Associates, 1Ad.
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Table 10-7
SOLID WASTE BY WEIGITT AND VOLUMLE FOR MANUFACTURE OF 100,000 EPS CRATES

Process Waste Fael Waste Postconsumer Waste Total Solid Waste

kg cubic meler kg cubic meter kg cubic meter kg cubic meter

Expanded Polystyrene Crates
Mexico 455 0.57 2,638 329 32,700 334 35,793 338

Total Solid Waste 455 0.57 2,638 329 32,7(0) 334 35,793 338

Source: Franklin Associates, 1.td.
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Fuel related solid-waste makes up about seven percent of the total solid
waste weight and cne percent of the total solid waste volume.

Postconsumer solid waste makes up the remaining 91 percent of the solid
waste weight and 99 percent of the total solid waste volume. The postconsumer
solid waste volume for the system is high because of the relativelv low landfill
density for the cor:tainer.

Atmospheric and Waterborne Emissions. The total atmospheric
and waterborne emissions for manufacturing EPS crates are presented in Table
10-8a and 10-8b, respectively.

Process emissions represent the largest source for some of the atmospheric
emissions categories, while fuel-related emissions are the source of more
emissions for other categories. Over half of the process atmospheric
hydrocarbon emissions come from the styrene monomer production step. The
EPS polymerization step produced almost all (98 percent) of the other organic
emissions.

Process emissions are the source of the greatest emissions for many of the
waterborne emissions categories, such as acid, dissolved solids, suspended
solids, BOD, COD and oil emissions.

Disposal Energy and Environmental Emissions

Table 10-9 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
HIPS yogurt container systems and the EPS crates. This equipment is assumed
to use diesel as a fuel source; therefore, this energy is derived from petroleum.

The fuel-related environmental emissions for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
HIPS yogurt container systems and the EPS crates are presented in Tables 10-10
and 10-11, respectively.
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Table 10-8a

SUMMARY OF ATMOSPHERIC EMISSIONS FOR

EPS CRATES
(Emissions per 100,000 items)
‘Mexico
Process Fael Total
Emissions Emissions Emissions
Atmospheric Emissions (kg)

Pariculates 13.6 184 197
Nitrogen Oxides 8.0 493 341
Hydrocarbons 1.363 1,347 22
Sulfur Oxides 07 1047 1274
Carbon Monoxide 369 353 357
Aldehvdes 245 100 642
Methane 252 232
Other Organics 155 976 152
Kerosene 0.0045 0.0045
Ammonia 164 021 1.35
Lead 43E-05 013 0.13
Fossil Carbon Dioxide 264,347 264,547
Hydrogen Chioride 0.0046 0.0063 0.011
Mercury 0.012 0.012
Chlorine 0.061 0.38 0.94
Chromium Compounds 0.11 0.11
Manganese Compounds 0.13 0.13
Nicke] Compounds 112 112
Antimony 0.024 0.024
Arsenic 0.074 0.074
Beryllium 0.0063 0.0063
Cadmium 0.087 0.087
Cobalt 0.068 0.068
Selenium 0.026 0.026
Sulfuric Add 171 171
Na202 0.0089 0.0089
K02 0.0089 0.0089
V205 0.0089 0.0089
Styrene Monomer 19.0 19.0

Source: Franklin Assodates, Ltd.
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Table 10-8b

SUMMARY OF WATERBORNE WASTES FOR

EPS CRATES
(Emissions per 100,000 items)
Mexico
Process Fuel Total
Emissions Emissions Emissions
Waterborne Wastes (kg)

Acid 257 1.6E-05 257
Metal [on 0.64 0.87 1.3
Dissolved Sclids 852 38.1 123
Suspended Solids 50.3 311 33.4
BOD 31.3 10.3 91.6
CcCD 137 17.2 135
Phenol 043 0.19 0.62
Sulfides 0.87 0.11 0.97
Qil : 19.4 11.4 30.8
Sulfuric Aad 8.06 8.06
Iron 0.012 203 2.05
Hvdrocarbons 0.031 0.031
Ammonia 131 178 3.09
Chromium 0.018 0.025 0.044
Lead 6.0E-05 3.2E45 1.4E-04
Zinc 0.011 0.0012 0.012
Fluorides 0.32 0.32
Phosphates 0.061 0.061

Source: Franklin Assocates, Lid.
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Table 10-9

ENERGY REQUIREMENTS FOR DISPOSAL OF
POLYSTYRENE PACKAGING
(gigajoules for units disposed per 100,000 items)

Packer Landfill
Truck Equipment
Energy Energy
HIPS Yogurt Concainers
HIPS Container 032 0.19
Aluminum Foil Seal 3.0074 0.0043
Package Total 0.33 0.20
Expanded Polystyrene Crates 193 115

Source: Franklin Assodates, Ltd.
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Table 10-10

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF HIPS YOGURT CONTAINERS

{Emissions for units disposed per 100,000 items)

Atmospheric Emissions rkg)

Partculates

Nitrogen Oxides
Hydrocarbons

Sulfur Oxades

Carbon Monoxide
Aldehvdes

Methane

Other Organics
Xerosene

Amunonia

Lead

Fossil Carbon Dioxide
Hydrogen Chionde
Mercury

Chiorine

Chromium Compeunds
Manganese Campourds
Nicke] Compounds
Anamony

Arsenic

Bervilium

Cadmum

Cobait

Seleruum

Sulfunc Aad

Naz02

02

V20s

Solid Waste (kg)
Soiid Waste (cu m)

Waterbome Emussions ikg)

Acd

Metal lon
Dissolved Solids
Suspended Solids
BOD

ceoD

Phenol

Suifides

Qil

Suifunic Aad
ron

Ammonsa
Chromuum

Lead

Zinc

Source: Frankiin Assoqates, Lid.

’

Packer Truck Equipment

0.031
0.2
Q.11

0098
0.15

0.0064
1.38E05
6.97E7
126E-08
3.46E-05
235E6

20
1 X713
739E-18
1.30E-)5
6.32E07
TO1ES7
$.93E-6
1.49E-)7
431E-)7
339E-)8
33HEV7
$22E97
L.a2E07

2.0011
6.38E-)7
$.38E-)7
5.38E-)7

0.040
4.96E-)5

0.01E-09
1.Z3EH

0.005¢
4.47E-14

0.0015

0.0025
2L9E-05
L31E25

0.0015
334E-05
L13E+)5
235E-4
3.60E-06
LITE48
1L72E97
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Landfill

0.019
025
0.063
0.058
0079
0.0038
2E®
4.13E07
1.34E-)8
205E-05
1.38E-06
142
6.05E47
4.50E-08
LO7E-DS
3.74E07
4.15E97
4.11E06
3.85E-)8
235807
2I3EA8
5.16E~)7
230E-)7
9.61E-)8
6.06E<13
4.08E-07
+.08E07
4.08E)7

0.024
2.94E-05

4.01E-09
753E-05

0.0033
ITIE-
9.00E-4

0.0013
1.69E-)5
9.14E06
9.15E-04
2.14E-05
6.83E-)6
1.55E-04
2.18E-06
T.10E-9
L4E07

Total
Disposal
Emissions

0.G30
J.60

.17

J.16
221
0.010
T29E05
L.I1z-)6
3.60E-08
3335
3.7DE-2%
383
1.35E-)%6
12E-17
236E-15
1.91E-26
112506
LI0E-15
138E-)7
53617
3.71E8
330E-37
3.73E-)7
138E-W
2.0018
1.I0E-16
LI20E-6
..10E-)6

1.063
T39E-35

1.06E-)8
250E-4

1.0087
T.18E~M

0.0024

0.0040
$447E)5
~2E5

0.0024
5.68E-33
1.31E4)5
4.10E-1
5.78E-)%
1.38E-18

176E7
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Table 10-11

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF EPS CRATES
{Emissions for units disposed per 100,000 items)

Landfill Total
Packer Track Equipment Disposal
Emissions Emissions Emissions
Atmospheric Emissions (kg)
Particulates 183 1.09 291
Nitrogen Oxides 23 1435 388
Hydrocarbons 621 30 99
Sulfur Oxides 553 343 9.18
Carbon Monoxide 738 163 124
Aldehvdes 057 2 0.60
Methane 0.0027 0.0016 0.0043
Other Organics 1.08E-05 243E-05 8.30E-05
Kerosene 1.32E-06 78707 L11E46
Ammonia 0.0020 0.0012 2.0052
Lead 136E-04 S.10E-05 Li7E-04
Fossil Carbon Dioxide 1105 837 il
Hydrogen Chlonde 397E05 356E-05 953E-)5
Mercury 1HE-06 Z54E-06 T08E-06
Chionne 0.0011 6.26E-04 0.001~
Chromium Compounds 369E-15 220E-05 5.89E-05
Manganese Compounds 4.10E-05 44E-05 634E-05
Nickel Compounds $4.05E-04 14E-M 6.46E-04
Anamony $.73E-06 5.20E-06 139E-35
Arsenic 152808 1.50E-05 4.02E-05
Bervilium 2.10E-06 1.2SE-06 335E-06
Cadmium 3.12505 1.36E-05 4.98E-05
Cobait LITEDS 147E-05 394E-)5
Selenium 9.48E-26 5.65E-06 L31E05
Suifunic Acd 0.066 0.039 0.10
Na202 4.02E-05 2{0E-05 $42E-05
o2 +02E05 240E-)5 6.42E-05
. vZ0s 4.02E-05 240E-05 5.42E-)5
Solid Waste (kg) 232 138 350
Solid Waste (cu m) 0.0029 0.0017 0.0046
Waterbome Emissions (kg)
Aad 5.01E09 4.01E-09 1.06€-18
Metal {on 1.24E-4 753E05 2.00E-04
Dissolved Solids 0.0054 0.0033 0.0087
Suspended Solids 147E-H 271E-4 7 18E-04
8OD 0.0015 9.00E-4 0.0024
CoD 0.0025 0.0015 0.0040
Phenol 2L79E05 1.69E-05 447E-0S
Sulfides 131E05 9.14E-06 2L2E05
Gil 0.0015 9.15E-04 0.0024
Sulfunc Add 334E05 214E-05 5.68E-05
{rom 1.1I3E05 6.33E-06 1.31E-08
Ammonia 1355E-04 1.35E-04 4.10E-04
Chromium 31.60E-06 2.18E-06 5.78E-06
Lead 1.17E-08 7.10E-09 1.88E-)8
Zinc 1.72E-07 1.4E-W7 176E-07

Source: Franklin Associates, L:d.
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Chapter 11

ENERGY AND ENVIRONMENTAL RESULTS FOR
METALLIZED POLYPROPYLENE FILM SNACK PACKS

INTRODUCTION

This chapter provides a summary of the energy requirements and
environmental emissions for the production, recycling and disposal of metallized
polypropvlene film snack packs. The basis for the results presented in this
chapter is 100,000 snack packs. Supporting data for metallized film and snack
pouch production are presented in Appendix M of the separately bound
Appendix document. Data for production of the polypropylene resin can be
found in Appendix K. Data for the production of aluminum (used to metallize
the film) can be found in Appendix C

The postconsumer recovery rate for the metallized film pouches examined
in this study is assumed to be zero.

DATA SOURCES

The polypropylene resin used to produce the film and the aluminum wire
used to metallize the film examined in this study are assumed to be produced in
the United States. Aithough one BOPP manufacturer reported that their
aluminum wire came from Germany, no data were available for German
aluminum wire production; thus, aluminum wire data represent 100 percent U.S.
production. Data for production of polypropylene resin and aluminum wire
were taken from Franklin Associates’ database.

Data for polypropylene film production and metallization in Mexico were
supplied by two producers in that country. Data from manufacturers for the
productlon of snack pouches in Mexico were not available for this -tudy.
Therefore, these data were estimated from information supplied by equipment
manufacture’s in the United States and from Franklin Asscciates” database.

RESULTS AND DISCUSSION

Manufacturing Energy Requirements. Table 11-1 presents the energy
requirements for the manufacture of 100,000 metallized polypropylene film
snack packs. The energy usage is categorized by country.

Process energy accounts for about 50 percent of the total energy for the
system. About 57 percent of the process energy is used in the United States to
manufacture polypropylene resin and aluminum wire.

Transportation energy accounts for seven percent of the total energy.
About 81 percent of the transportation energy is used in Mexico.

11-1
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Table 11-1

ENERCY REQUIREMENTS FOR MANUFACTURE OF 100,000 METALLIZED
POLYPROPYLENE FILM SNACK PACKS

'rocess Energy Transportation Energy Energy of Material Resource Total Energy
Percent Puercoent Percent Percent
G} of Total G} of Total G) of Tulal Gl of Tolal
Snack Packs
United States 5.56 3o 0.27 2% .52 62% 15.3 100%
Mexico 537 82% 1.17 18% 6.54 100%
Total Energy 109 S0% 1.44 7% 9.52 4% 219 100%

Source: Franklin Associates, Lid.
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The energy of material resource accounts for 44 percent of the total energy
for the system. About 99 percent of the energy of material resource is used in the
United States for polypropylene resin production. The remainder is used for
aluminum wire production to produce metallurgical coke and petroleum pitch
for aluminum smelting.

Table 11-2 presents the energy profile for production of metallized
polypropylene film snack packs. Natural gas accounts for about 55 percent of the
total energy for the system. Petroleum accounts for another 35 percent of the
total energy. Almost all of the natural gas energy (96 percent) is used in the
United States.

Manufacturing Environmental Emissions

Solid Waste. Table 11-3 presents the solid waste for manufacturing
100,000 metallized polypropylene film snack packs. Includec in this table is the
postconsumer solid waste generated from disposal of the snack packs.

Process solid waste accounts for about 10 percent of the total solid waste
weight and about five percent of the total solid waste volume.

Fuel-related solid waste also makes up 10 percent of the solid waste
weight and five percent of the solid waste volume.

Postconsumer solid waste accounts for the remaining 80 percent of the
total solid waste weight and 90 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The *otal atmospheric and
waterborne emissions for manufacturing metallized polypropylene film snack
packs are presented in Table 11-4a and 11-4b, respectively.

All of the atmospheric emissions for operations in Mexico are fuel related.
These emissions are a result of production and combustion of fuels to produce
energy for manufacturing operations and transportation of raw materials and
finished products.

Process waterborne emissions released in Mexico are produced during
production of the metallized film.

11-3
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SOLID WASTE BY WEIGHT AND VOLUME FFOR MANUFACTURE OF 100,000

Table 11-3

METALLIZED POLYPROPYLENE FILM SNACK PACKS

Process Waste

Vuel Waste

Postconsuminer Wasle

kg cubivc meter kg cubic cter kg cubic meter
Suack Packs
United States 5.30 0.(066 123 0015
Mexico 159 0.020 8.42 0.011 173 0.44
Total Solid Waste 21.2 0.026 20.7 0.026 173 0.44

Source: Franklin Associates, 1ad.

Total Solid Waste

kg

17.6
197

215

cubic meter

0.022

0.47

0.49

QL1 'SALVDOSSY NIDINYEd



Table 1142

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
METALLUIZED POLYPROPYLENE FILM SNACK PACKS

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions  Emissions Emissions  Emissions  Emissions
Atmospheric Emissions (kg)}

Particulates Q.15 0.20 034 0.45 043
Nitrogen Oxides 0.19 035 1.04 1.46 1.36
Hydrocarbons 145 239 532 .71 [}
Sulfur Oxides 0.28 105 132 K ] 373
Carbon Monoxide 0351 039 3.70 147 [y
Aldehvdes 0.0018 0.0037 2.0055 0.021 0.071
Methane 0.0054 0.0034 0.0036 0.00356
Other Organics 0.04¢ 004 0.36 236
Kerosene 193E-05 293E-05 1.46E-08 1.46E-J5
Ammornia 158E-4}4 3.74E405 295E-04 547E-M SATE4
Lead 6.46E-)8 273E05 ST4E5 2176E-1 276E-04
Fossu Carbon Dioxide 4.00 330 334 %33 53
Hydrogen Chioride €.95E-06 1.10E-06 3.0SE-)6 1.81E-05 1.81E03
Mercury LITE-07 1.26E-06 1.38E-06 133E05 I33ED5
Chlorine 9.37E-26 9.57E-36 0.0028 0.00Z3
Chromium Compounds 3.32E-)3 3.32E415 5.06E-}4 3.06E-04
Manganese Compounds 1.10E-)4 1..0E-04 3.39E-M 3.39E-4
Nickel Compounds 7.38E-05 7.38E-15 0.0026 00025
Antimony 541E15 341E45
Arseruc 3.40E-35 3.40E-05 1.96E-H4 1.96E-14
Bervilium 3.94E-)6 384E-06 L.76E-)5 1.76E-)5
Cadmium 205E-4 2.05E-)4
Cokait 239E-36 239E-06 155E-14 1.33E-34
Selenium 9.16E-)7 9.16E-07 5.87E-)5 5.87E4)5
Suifunc Aad 039 0.39
NaZO2 1L.ITES 1.i7E<)S
K02 LI7E45 LITE-S
Y208 LITELDS LiTE4)5

Source: Franklin Assodates, Ltd.
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Table 11-tb

SUMMARY OF WATERBORNE EMISSIONS FOR
METALLIZED POLYPROPYLENE FILM SNACK PACKS

(Emissions per 100,000 itemns)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions  Emissions Emissions Emissions Emissions
Waterborme Emissions (kg)

Add 0.053 3.12E-9 0023 119807 1.19E-)7
Metal [on 0.002¢ 1.72E404 3.0025 0.0022 2.0022
Dissolved Soiids 0.63 0.11 .75 0.080 0.098 0.8
Suspended Suiids 0.12 9.14E05 012 0.0069 0.0082 2.015
BOD 0.041 9.98E-15 3.041 2.0052 3.027 0032
CCD 0.3 +.73E-04 0.13 0075 0.044 0.:2
Prenol 392E-06 337897 1.48E-J6 5.0CE-04 5.00E-}4
Suifides 0.010 0.010 IT1IE-04 I71E-M4
Ol 0.015 0.0042 0.019 0.0033 0.028 9.031
Sulfuric Acd 0.074 0.074 0.026 0.028
Iron 1.71E-04 0.019 0.019 3.29E-04 0.0066 0.0069
Ammonia 3.65E-04 131E05 3.78E-M 0.0046 0.0046
Caromium 204E07 3.23E-08 236E-07 3.43E-)5 3.45e-05
Lead 9.09E-U8 1.44E-28 LJSE7 1.73E-04 2LI0EQ7 1.5E-4
Znc 1.95E-04 211E407 1.95E-04 3.08E-06 3.08E-06
Phosphates 0.0012 9.0012

Source: Frankiin Assodates, Ltd.

11-7




FRANKLIN ASSOCIATES, LTD.

Disposal Energy and Environmental Emissions

Table 11-5 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid wasie from the
metallized polypropylene film snack pack systems. This equipment is assumed
to use diesel as a fuel source; therefore, this energy is derived from petroleum.

The fuel-related environmental emissions for the operation of packer

trucks and landfill equipment to dispose of postconsumer solid waste from the
metallized polypropylene film snack pack systems are presented in Table 11-6.

11-8




FRANKLIN 2SSOCIATES, LTD

Table 11-5

ENERGY REQUIREMENTS FOR DISPOSAL OF
METALLIZED POLYPROPYLENE FILM SNACK PACKS

igigajoules for units disposed per 100,000 items)

Packer Landfill Total

Truck Equipment Disposal

Energy Energy Energy
Snack Packs 0.026 0.015 0.041

Source: Franklin Assodates, [:d.
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Table 11-6

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF METALLIZED POLYPROPYLENE FILM SNACK PACKS
(Emissions for units disposed per 100,000 items)

Landfili Total

Packer Truck Equipment Disposal
Emissions Emissions Emissions

Atmospheric Emissions (kg)
Particulates 0.0024 0.0014 0.0038
Nitrogen Oxides 2032 0019 2051
Hydrocarbons 0.0082 1.0048 0.013
Sulfur Oxides 0.0076 0.0045 0.012
Carbon Monoxide 0.010 . 9.0061 0.016
Aldehydes 1.96E-4 TL93E-M4 TS9E-MH
Methane 3.34E-06 2.09E06 5.93E-J6
Other Organics 539E-08 3.18E 38 357E-08
Kerosene 1.75E-9 LOGE-® 1T8E-M
Ammonia 2.68E-06 1-58E-06 $.25E-%
Lead 1.30E-07 1.06E-07 2.36E-07
Fossil Carbon Dioxide 1.36 Li0 296
Hvdrogen Chlonde 7.90E-08 4.66C-)8 LI6E0T
Mercury 587E9 3.46E-29 9335E-09
Chiorine - 1.39E-06 820E-07 IT1E-4¥%
Chromium Compounds 4.89E-08 2.38E-08 7TEN8
Manganese Compounds 542E-08 320E-23 8.62E-38
Nicke! Compounds 336E-07 3.16E-07 332857
Antimony 1.16E~)8 3.81E-M LE-)8
Arsenic 3.33E-08 1.96E-08 330E-18
Beryilium 2.78E-09 1.64E-09 +41E-9
Cadmium 4.13E-08 2.43E08 536E~18
Cobait 3.20E-08 1.93E-38 3.19E-18
Seleruum 1.25E-08 7.39e-8 L.99E-J8
Sulfuric Aad 3.70E-05 3.13E05 138E-H
Nao2 332E-08 3.14E-08 3.46E-18
KO2 532E-08 3.14E-18 3.46E-)8
V205 532E-08 3.14E-08 3.46E8
Solid Waste (kg) 0.0031 0.0018 0.0049
Solid Waste {cu m) 3.83E-06 126E-06 5.09E-)%

Waterborne Emussions (kg)

Aad 6.61E-9 4.01E-9 1.06E~)8
Metal fon 1.24E-4 7.33E-05 2.00E-H
Dissoived Solids 0.0054 0.0033 1.0087
Suspended Soiids 447E-4 hiva | 2 ) 7.18E-R
300 0.0015 9.00E-04 0.0024
Ccoo 0.0028 0.0015 0.0040
Phenol 2.79E-05 1.69E-05 447E05
Sulfides 1.51E-05 9.14E-06 Z42E-5
Oi 0.0015 9.15E-4 0.0024
Suifuric Aad 354E05 2 4E-0S 5.68E-15
{ton 1.13E-05 5.83E-36 L31E5
Ammorua 253E-04 1.35E-04 4.10E-M
Chromium 3.60E-06 2.18E-06 5.78E-06
Lead 1.17E-08 7.10E-09 1.38E-18
Zinc .7oE-07 1.04E-07 LPRET

Source: Frankiin Assocates, Ltd.
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Chapter 12

ENERGY AND ENVIRONMENTAL RESULTS FOR
GABLE TOP MILK CARTONS

INTRODUCTION

This chapter provides a summary of the energy requirements and
environmental emissions for the production, recycling and disposal of LDPE-
coated paperboard gable top milk cartons. The basis for the results presented in
this chapter is 100,000 gable tup cartons. Supporting data for gable top carton
production are presented in Appendix N of the separately bound Appendix
document. Data for production of paperboard can be found in Appendix D.
Data for the production of LDPE resin (used to coat the paperboard) can be
found in Appendix I

The postconsumer recovery rate for the gable top cartons examined in this
study is assumed to be zero.

DATA SOURCES

Production of the LDPE-coated bleached paperboard examined in this
study, and all of the materials needed to produce it, is assumed to take place in
the United States. Data for production of LDPE-coated bleached paperboard
were taken from Franklin Associates’ database.

Data for gable top carton production in Mexico were supplied by one
producer in that country.

RESULTS AND DISCUSSION

Manufacturing Energy Requirements. Table 12-1 presents the energy
requirements for the manufacture of 100,000 gable top milk cartons. The energy
usage is categorized by country.

Process energy accounts for about 79 percent of the total energy for the
system About 96 percent of the process energy is used in the United States io
manufacture LDPE-coated paperboard.

Transportation energy accounts for 10 percent of the total energy. About
35 percent of the transportation energy is used in Mexico.

The energy of material resource accounts for 11 percent of the total energy
for the system. All of this energy is used in the United States for polypropylene
resin production.

12-1




- Table 12-1

ENERGY REQUIREMENTS FOR MANUFACTURE OF 100000 GABLL TOP MILK CARTONS

Process Energy Transportation Energy Energy of Material Resource Total Energy
Percent Percent Percenl Percent
G) of Total GJ of Tutal Gj of Tutal G of Total
Gable Top Milk Cartons
,s United States 170 81'% 148 7% 24.2 12% 209 100% g
® ;]
Mexico 6.95 7% 7.94 53'% 149 100% é
Total Energy 177 79% 228 10% 24.2 1% 224 100%

Source: Franklin Associates, 1Lid.




Table 12-2 presents the energy profile for production of gable top milk
cartons. Wood is the largest source of energy for the system in the United States.
Wood supplies energy for manufacture of the paperboard and supplies about 30
percent of the energy used in the United States for this system. Natural gas and
petroleum each account for about 24 percent of the total energy used for the
system in the United States. Petroleum supplies the majority of the energy (80
percent) used in Mexico.

Manufacturing Environmental Emissions

Solid Waste. Table 12-3 presents the solid waste for manufacturing
100,000 sable top milk cartons. Included in this table is the postconsumer solid
waste generated from disposal of the cartons.

Process solid waste accounts for about nine percent of the total solid waste
weight and about six percent of the total solid waste volume.

Fuel-related solid waste makes up 15 percent of the solid waste weight
and 10 percent of the solid waste volume.

Postconsumer solid waste accounts for the remaining 76 percent of the
total solid waste weight and 84 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric and
waterborne emissions for manufacturing gable top milk cartons are presented in
Table 12-4a and 12-4b, respectively.

All of the atmospheric emissions, except hydrocarbons, and all of the
waterborne emissions for operations in Mexico are fuel related. The fuel-related
emissions are a result of production and combustion of fuels to produce energy
for manufacturing operations and transportation of raw materials and finished
products. The process hydrocarbon emissions are produced during manufacture
of the carton blanks.

Disposal Energy and Environmental Emissions

Table 12-5 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
gable top cartons. This equipment is assumed to use diesel as a fuel source;
therefore, this energy is derived from petroleum.

The fuel-related environmental emissions for the operation of packer

trucks and landfill equipment to dispose of postconsumer solid waste from the
gable top cartons are presented in Table 12-6.
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Table 12-2

ENERGY PROFILES FOR MANUFACTURE OF 100,000 GABLE TOP MILK CARTONS

(G) per 100,000 lems)

I.:'m:ly Profile

Natural
Gas
Gable Tup Milk Cartons
United States 50.4
Mexico t.67
Tutal 521

Saurce: Franklin Associates, Lad.

Petculeum Coal Hydropower Nuclear Waood
514 364 (1%.1} 6.32 629
1Y (40 039 0.25
63.3 o L2u 6.57 629

Other

0.54

029

0.83

Tutal
Energy

M
149

224
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Table 12-3

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000 GABLE TOP MILK CARTONS

Process Waste

Fuel Waste Postconsumer Waste Total Solid Waste
kg cubic meter kg cublic meter ky cubic meter kg cubic meter
Gable Top Milk Cartons
United States 366 046 613 0.77 978 1.22
Mexico 0.086 114 4.1 0018 3,185 6.56 3,199 6.57
Total Solid Waste 366 0.46 627 0.78 3,185 6.56 4,178 7.79

Source: Franklin Associates, 1.td.

0Ll ‘SALVIDOSSY MIDINVEd



FRANNLIN ASSOCIATES, LTD

Table 1242

SUMMARY OF ATMOSPHERIC EMISSIONS FOR

GABLE TOP MILK CARTONS
- (Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
/ Emissions Emdssions Emissions Emissions  Emissions Emissions
Atmospheric Emissions (kg)

Parz-ulates J3.91 152 16.2 136 1.36
Nitrogen Oxides .82 M3 354 6.9 2.49
Hydrocarbons 27 84 411 18 433 -3l
Suifur Oxades 345 43.2 46.5 1.2 172
Carbon Monoxide 0.11 373 T 332 332
Aidehydes 11.0058 314 314 Q.13 .13
Methane 0.067 2.067 3.0069 1.0063
Cther Organics +.00 100 97 297
Kerosene 5.30E-}4 8.:0E-04 230E-)S 240E-5
Ammonia 10013 0.0048 2.0060 0.0013 3.0013
Lead 1.62E-37 2.0015 1.0013 367E-1 3.67E-04
Fossid Carbon Dioxide 3357 3357 1,060 1,60
Non-Fossil Carbon Dioxide ] 3574 5,598
Hyvdrogen Chloride 1.73EQS 1.31E-04 1.38E-04 3.71E95 3.7IES
Mercury 1.73E-)4 1.I16E-04 2138E-}4 3.12E05 3.22E95
Chionine 1.25E-M 1.2SE-MH 0.0047 2.0047
Odorous Sulfur 218 1i8
Chromuum Compounds 0.0030 0.0050 133E-H +355-M4
Manganese Compounds 00045 0.0045 593E-4 3.SSE-34
Nickei Compounds 1.3090 10090 0.0028 1.0028
Antumony 3.69E-05 3.05E-35
Arseruc 1.0016 J.0016 13284 232E-M4
Bervilium 13E04 1.73E-04 230E-)5 13E93
Cadmium 133E-4 233E-)3
Cobait +.0E-+)4 +..70E-)4 1.61E-14 LaiE-M
Seleruum 1.30E-M 1.30E-04 3.18E-)5 5.18E-13
Sulfunic Aad 0.41 D43
NazC2 176E4)5 1ThE-IZ
K02 276205 176E5
V205 2T76E-)E 2LT6E-S

Source: Franklin Assoqates, Ltd.
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Table 12-4b

SUMMARY OF WATERBORNE EMISSIONS FOR

GABLE TOP MILK CARTONS
(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions Emissions Emissions  Emissions Emissions
Waterborne Emissions (kg)

Aad 1.06 1.04E-06 1.06 15E47 IT3E9T
Metal Ion 0.0088 002 0.031 0.0051 0.0051
Dissolved Solids 3.12 12 157 023 03
Susperuded Solids 149 ad12 149 0018 3.018
BOD 39 3013 3.96 0.061 0.061
coD 320 0.060 .26 0.10 Q.20
Phenol 13EAS 711E05 3.24E-05 0.0011 3.0012
Sulfides 9027 0027 6.°E4 5.22E-M
Qil 224 0.17 021 0.064 0.C64
Sulfuric Acid 2 292 005 3043
ron +.69E-05 0.73 0.73 0.011 0.011
Ammonia 238E-04 . 0.0017 0.0019 0.011 0011
Chromium 3.55E-06 +12E06 9.67E-06 1.48E-4 1.48E-C4
Lead +85E07 1 84E-06 232E-06 4.34E-07 +.34EQ7
Zinc 4+ 98E-04 159E-05 5.25E-H4 7.09E4)6 7 09E-06
Nickel 253E07 258E47
Mercury 10E07 4.70E07
Phosphates 0.0030 35030

Source: Franklin Assodcates, Ltd.
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Table 12-5

ENERGY REQUIREMENTS FOR DISPOSAL OF
GABLE TOP MILK CARTONS
(gigajoules for units disposed per 100,000 items)

Packer Landfill Total
Truck Equipment Disposal
Energy Energy Energy
Gabie Top Milk Cartons 0.39 0.23 0.61
Source: Franklin Assocates, Lid.
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Table 126

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF GABLE TOP MILK CARTONS

(Emissions for units disposed per 100,000 items)

Land Il Total

Packer Truck Equipment Disposal
Emissions Emissions Emissions

Particulates 0.057 0.021 0.058
Nitrogen Oxides 0.49 028 078
Hydrocarbons 013 0073 020
Sulfur Oxides 0.2 0.067 0.18
Carbon Monoxide 16 0.091 02s
Aldehvdes 00076 T N00d 012
Methane 341E-5 3.13E05 335205
Other Organics 8.3E-07 LT6E07 L30E-)6
Kerosene 2157E08 134E-08 421E-8
Ammonia 4.09E05 237E45 5.46E-05
Lead 235E-% 1.59E-06 134E-06
Fossil Carbon Dioxide 84 16.4 H5
YHydrogen Chlonde 121E06 6.98E-07 1.90E-06
Mercury 8.96E-08 5.19E-08 L41E07
Chiorine 112E5 1.33E05 3355805
Chroquum Compounds 7A6E07 132807 1.18E-06
Manganese Compounds 8.7EO7 479407 131E-06
Nickei Compounds 8.18E-06 +73E-06 1.29E-05
Antimony 1.76E07 LO2E07 1TSET
Arseruc 5.08E-07 IMEO7 3.03E07
Bervilium 424E08 245E-08 6.69E-08
Cadmium 630E-07 3.65E4)7 INE7
Cobalt 4.99E97 2.39E417 TSTET
Seleryum 1.91E7 LIIE7 3.02E407
Sulfunc Add 0.0013 7.68E-04 0.0021
Naz02 S.12E-07 4.70E-57 1.28E6
K2 31297 1.ME-07 1.28E-06
V205 3.12E97 4.70E07 128E-06
Solid Waste (kg) 0.047 0.027 0.074
Solid Waste :cu m) 385E-15 3S9E-05 9.35E-)5
Waterbomne Equssions (kg)
Aad 6.61E-9 401E-® 1.06E-08
Mezal lon L2H4E-M 733E405 200E-M4
Dissolved Solids 0.0054 0.0033 0.0087
Suspended Solids 147E% 1T1E-R 7.18E-04
80D 0.0015 9.00E-04 0.0024
Ccoo 0.0025 0.0015 0.0040
Phenol 279E- 1.69E-05 4+47E05
Suifides L31E-35 9.14E-06 2.42E-05
(0,1} 0.0013 9.15E-04 0.0024
Sulfuric Aad 3.S4E-05 214E05 5.68E-05
[ron L.13E<1$ 6.83E-06 1.81E-05
Ammonia 255E-04 1.35E-04 +.10E-4
Chromium 3.60E-06 218E-06 3.78E-06
Lead LITE08 7.10E-09 1.38E-08
Zinc 1L.RE07 LO4E7 2.76E07

———
Sousce: Franklin Assocates. Lid.
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Chapter 13

ENERGY AND ENVIRONMENTAL RESULTS FOR
ASEPTIC BRICKS FOR MILK

INTRODUCTION

This chapter provides a summary of the energy requirements and
environmental emissions for the production, recycling and disposal of aluminum
foil/LDPE/foodboard laminated aseptic bricks for milk. The basis for the resuits
presented in this chapter is 100,000 aseptic bricks. Supporting data for foodboard
and aseptic brick production are presented in Appendix O of the separately
bound Appendix document. Data for production of aluminum foil can be found
in Appendix C. Data for the production of LDPE resin can be found in Appendix
L

The postconsumer recovery rate for the aseptic bricks examined in this
study is assumed to be zero.

DATA SOURCES

The LDPE resin and aluminum foil used to produce aseptic brick stock are
assumed to be produced in the United States. Data for production of these
materials were taken from Franklin Associates’ database.

Producers of aseptic bricks in Mexico indicated the use of foodboard
produced in both Brazil and Sweden. Data for the production of foodboard in
Brazil were not available for this study; however, data for the production of
foodboard in Sweden were available. Therefore, data for the foodl,vard
examined in this study are derived from data supplied by one producer in
Sweden.

Data for the production of aseptic brick stock were supplied by cne
producer in Mexico. Data for the fabrication of aseptic bricks from this material
in Mexico were not available; therefore, data taken from Franklin Associates’
database for similar operations in the United States were used to estimate aseptic
brick production in Mexico.

RESULTS AND DISCUSSION

Manufacturing Energy Requirements. Table 13-1 presents the energy
requirements for the manufacture of 100,0C" aseptic bricks for milk. The energy
usage is categorized by country.

13-1
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Table 13-1

ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 ASEPTIC BRICKS FOR MILK

Process Energy Transportation Energy Energy of Malerial Resource Tolal Energy
Puercent Percent Percent Percent
G} of Tutal Q) of Total GJ of ‘T'utal GJ of Tutal
Aseptic Bricks
Sweden 67.5 95'% 357 5% 71.0 100%,
United States 55.1 S 2.19 2% 36.6 39% 93.9 100%
Mexico 9.Co 65% 499 35% 14.0 100%
Total Energy 132 74% 07 6% 36.6 20% 179 100%

Sowrce: Franklin Associates, Lad,

QL1 SAUVDOSSY NIDINvad



Process energy accounts for about 74 percent of the total energy for the
system. About halt of the process energy is used in Sweden to manufacture
foodboard. Production of LDPE resin and aluminum foil in the United States
~ uses about 42 percent of the process energy.

Transportation energy accounts for six percent of the total energy. About
47 percent of the transportation energy is used in Mexico.

The energy of material resource accounts for 20 percent of the total energy
for the system. All of this energy is used in the United States. Ninety-one
percent of the energy is used for LDPE resin production, and the rest is used to
make metallurgical coke and petroleum pitch used during aluminum smelting.

Table 13-2 presents the energy profiie for production of aseptic bricks for
milk. Wocd is the largest source of energy for the system in Sweden,
representing 46 percent of the energy used there to make the foodboard.
Natural gas accounts for about 52 percent of the total energy used for the system
in the United States. Petroleum supplies the majority of the energy (74 percent)
used in Mexico.

Manufacturing Environmental Emissions

Solid Waste. Table 13-3 presents the solid waste for manufacturing
100,000 aseptic bricks for milk. Included in this table is the postconsumer solid
waste generated from disposal of the aseptic bricks.

Process solid waste accounts for about 14 percent of the total solid waste
weight and about nine percent of the total solid waste volume.

Fuel-related solid waste makes up nine percent of the solid waste weight
and six percent of the soli. waste volume.

Postconsumer solid waste accounts for the remaining 77 percent of the
total solid waste weight and 85 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric and
waterborne emissions for manufacturing aseptic bricks for milk are presented in
Table 13-4a and 13-4b, respectively.

All of the atmospheric emissions, except aldehydes and other organics,
and all of the waterborne ernissions for operations in Mexico are fuel related.
The fuel-related emissions are a result of production and rombustion of fuels to
produce energy for manufacturing operations and transportation of raw
materials and finished products. The process aldehydes and other organic
emissions are produced during manufacture of the aseptic brick stock.

13-3
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Table 13-2

ENERGY PROFILES FOR MANUFACTURE OF 100,000 ASEPTIC BRICKS FOR MILK

(G) per 100,000 lems)

Enew Profile

Asceplic Bricks
Sweden
United States
Mexico

Total

Natural
Gas

173

48.7

193

524

Source: Franklin Associates, Lad.

Petrolenm

9.76

14.6

1.0

Coal Hydrupower Nuclear Waood
0.12 6.95 194 24
18.7 643 523
0.54 0.53 0.34
14 139 249 328

Other

0.33

0.23

0.40

0.96

Total
Energy

710
939
140

179
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SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000
ASLITIC BRICKS FOR MILK

'rocess Wasle

Table 13-3

Fuel Waste

Postconsumer Wasle

Totlal Solid Waste

kg
Aseptic Jricks
Sweden 7237
Usiited States 296
Mexico 137
Tatal Solid Waste 506

Sowrve: Franklin Associates, Lud.

cubic meter

o

0.37

0.17

0.63

kg

778
244
18.4

340

cubie meler

U7

04.30

0.023

0.42

kg

2,850)

2,850

cubic meter

5.87

5.87

kg

152
540
3,005

3,6Y6

cubic meter

019

0.67

6.06

6.92
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Table 13-4a

SUMMARY OF ATMOSI'HERIC EMISSIONS FOR

Sweden
Process Fuel Total
Emissions Lmissiony Emisstons
Atanspheric Emissions \g)

Particulates 082 741 8.24
Nittagen Oxides w020 1.9 419
Hydowarbons 0.4a1s 66.2 66.2
Sultur Oaides 00208 942 Y44
Carbion Manoxide OMS 21.7 218
Akichydes 1.46 146
Metbane

Other Organins 0.052 0152
Ketusene

Amnoiia 00024 0.0028
lead 2.228-U8 2.22K-05
Hydrogen Ehaoride vy 0.my
Fassitl Carbon Dioaide 248 5919 5,944
Lydrogen Chiloride ooy Q021
Metals 0.1y XY
Meroury 2.18E- 4 2.18E-(4
Chilorine 0.033 U454 0.038
Hydrogen Sultide 439 439

Chromivm Componnds
Manganese Compownds
Nickel Compounds
Auntununy

Asen

tlerylliam

Cadonam

Cubalt

Schenium

Sublurwe Acid

Na2022

KO2

Vs

Source: Franklin Associaies, 1.

ASEPTIC BRICKS FOR MILK
(LEmissiuns per 100,600 items)

United States Mexice

Process Fuel Total Process Fuel Tutal
Lmissiuns Emissions Emissions Lmnissions Lmisslons Lmisslions
6.68 3.647 0.3 1.22 1.22
0.723 1.6 12.4 512 512
17.0 139 kKIK}] 392 3.92
3.52 8.7 222 131 1
166 4.8 20.4 4.96 €.96
QO0RS [TX{R}.} .46 144049 0.082 0.082
1.035 0038 Q.008) 0.008)
.16 Wil6 2.55L-05 2.00 2.0
191E-04 4.9 k-4 3.21K-05 32)B-05
0.4025 S 10E-04 0.0030 AN 0.0011
3.05L-07 534004 S5.348-01 4.558-04 4.55L-04

.36 .36

246 3,12 3,548 963 Y63
328805 1.50015-08 4.781-08 1.231:-05 3.23L-08
2. 19E-U6 2.31E-05 3.03L-08 4.0VE-05 4.09E-05
SAWE-US S.09LE-05 0406} 0.6
Q.04 00014 5.776-4 5.770-14
00022 0.022 79214 7.928-(4
03 [IX} Tk .03 0 1X36
7.440K-05 7.441-08
6.751-014 6.25k-04 J.46k-(4 3.461-04
7.00k-05 790005 3.328-05 3.321-05
3.06k-04 3.064-04
3.290-05 3.295-08 210604 2. 10B-04
1.26k:-05 1.26E-05 H.UOBE-05 8.080-05
0.54 0.59
2.491:-05 2.491-05
2.49L-05 249005
2.49L-05 2.49E-05

WAIT 'STIVIDOSSY NIDINVE




‘Table 13-4b

SUMMARY OF WATERBORNE EMISSIONS FOR
ASEFTIC URICKS FOR MILK
(Emissions per 100,000 items)

Sweden United Stales Mexico
- Prucess Fuel Total Process Fuel Talal Process Fuel Total
Eissions Emissiong Emissions Emissions Umissions Emissions Emissions Lmisstons Emissions
Wataburie Enussivns (kg)
Aud 0.020 0.020 012 L11E-07 " o012 2.38E-07 2.38E-07
Metal lon 0.019 v.019 0. 0.4H23 0403 0.0045 0.0045
Dissulved Solids LL16EH 056 0.56 302 1.40 4.42 0.20 0.20
Suapeided Salids 7.21 0.U24 7.23 .08 00012 4.08 0.016 0.016
BOD 187 0021 18.7 041 Q0014 041 0.053 0.053
- COb 653 0027 653 358 0AN6S 3.56 (.OBY 0.089
Planol Y93kE-07 [IXIT} .My 4. 20E-05 7.60E-U6 JY6E-5 0000 [{X) 41D)]
Sutindes U 6.96E-I4 ouals 0037 0.037 5.428-(4 54264
(§ 1] XVE] UXVIL] 4 Bl 0.032 [1X.X) 0.055 0.U55
Sultwiic Acd 1.50 1.50 0.057 0057
frun 0.S 0.37 0.38 0.014 0.014
G Hydiocasbons Ul ((Ti7 X} w17 g
{] Auvinang (VX T.) 1.781- 04 [VXHIT.) U.(w2 .02
Cluanam BUZE-05 B.U7E-US 9.60E-07 4.40LE-07 1.40E-06 1.29K-(4 1.29B-04
Lead 647E- U6 6 47E-06 139807 1.96L-07 6.35E-07 c4.228-07 4.22E-07 _a
Ziw 7.10E-05 710505 6.HBE-(N 2 BEE-06 691LE-04 6.18E-06 6.188-06 c
1 Fluarides [1X1-7] 04851 a
| Cyamde $.77E-05 577E-05
| Nickel 142605 1.42E-05 1LO7E-08 1.078-08
) Motoury 1.56E-115 1.56k-05 1L.U6E 04 1.96)-08
Phosphates (1A T thi6
Phospharas 0076 1070
Nitiogen 1.0 100
Ovher Chwean. L Yak-US 1.960405

Source: Franklin Associates, 1.4,




Disposal Energy and Environmental Emissions

Table 13-5 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from the
aseptic bricks. This equipment is assumed to use diesel as a fuel source;
therefore, this energy is derived from petroleum.

The fuel-related environmental emissions for the operation of packer

trucks and landfill equipment to dispose of postconsumer solid waste from the
aseptic bricks are presented in Table 13-6.
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Table 13-5

ENERGY REQUIREMENTS FOR DISPOSAL OF
ASEPTIC BRICKS FOR MILK

(gigajoules for units disposed per 100,000 items)

Packer Landfill Total

Truck Equipment Disposal

Energy Energy Energy
Aseptic Bricks 035 0.20 035

Source: Franklin Assodates, Ltd.



Table 136

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF ASEPTIC BRICKS FOR MILK

{Emissions for units disposed per 100,000 items)

Landfill
Packer Truck Equipment Disposal
Atmosphenc Emissions (kg)

Particulates 035 0019 3052
Nitrogen Orades 0.4 069
Hyvdrocarbons Q.11 0.063 0.18
Sulfur Oxades 0.0 0.060 0.16
Carbon Munoxide 0.1 o
Aldehvdes 0.0063 10059 J011
Methanz 4$4E-B 130E0 THEB
Other Organucs 736237 126E07 1.16E-06
Kerosene 139E-)8 138E-08 3708
Ammorua 366155 12EDS 3T9E-S
Lead 2136E-36 LL2E36 3.S8E-)6
Fossil Carbon Dioxide 33 < 0.1
Hydrogen Chionde 1.08E-% $ISEU7 1-0E-06
Mercury 3.02E-38 15iE-08 | g 2574
Chlorine 1L.30E-5 L10E-Q5 3.00E-05
Chromium Compounds 56757 336E7 1.05E-06
Manganese Compounds 7.+0E-)7 +.28E07 LIJE-6
Nicket Compounds T32E 124E-26 L.I6E5
Anamony 138E47 3.13E08 LA9E-)T
Arseruc 4358~ 153E-)7 T.ISE-7
Bervilium 3.9E-8 2.19E-)8 3.38E-08
Cadouum S.04E-7 326ET 3.S0E-97
Cobait 456817 hiLY.} 4 74 TOREW
Selenyum L7E97 991E08 L0ET
Suifunc Aad 99012 6.8 E-H 9.0019
Nao? TUEST 421E07 1136
K2 TXEST 121E<7 LISEN6
V205 Pfnby 2\ 74 1I1E-77 L1524

Solid Waste tkg) 042 2.024 2.066
Solid Waste :cu m) 5.23E-)5 3.03E)5 328E-5

Waterbome Emussions tkg)
Acd 5.61E~-»9 $01E-9 1.06c-J8
Metal on 1.24E+H 733E405 200E-M
Dissoived Solids 2.0054 1.0033 0.0087
Suspended Soiids $47E-H LTIEH T18E-M
30D 0.0015 9.00E-04 2.0024
coD 0.0025 0.0015 0.0040
Phenol LIE-S5 1.69E4)5 44755
Sulfides 1.31E4)5 9.14E4)6 2LENS
(o] 0.0015 9.1SEM 0.0024
Sulfunc Aad 334E-)5 2LI4ES 5.68E-)5
[ron 1.13E)5 5.83E-)6 L31E-S
Ammorua L33E4 1.55E-4 +.1CE-4
Chromium 3.60E-06 1I8E-06 3.78E-Y%
Lead LITE-8 7..0E4® 1.38E-18
Zinc 1.RELT 1LSE7 2TAEAYT

———
Source: Franklin Assocates, Lid.




Chapter 14

ENERGY AND ENVIRONMENTAL RESULTS
FOR GLASS PACKAGING

INTRODUCTION

This chapter provides a summary of the energy requirements and
environmental emissions for the production, recycling and disposal of the
following packaging materials in Mexico:

* 500 ml refillable glass soft drink bottles
* 355 ml non-refillable glass soft drink bottles

The basis for the results presented in this chapter is 100,000 packaging units.
Supporting data for the glass packaging systems are presented in Appendix P of
the separately bound Appendix document. Data for production of the steel
closures used on the bottles can be found in Appendix E.

The postconsumer recovery rate for the non-refillable glass bottle
examined in this study is assumed to be 42 percent. The refillable glass bottle is
assumed to have an average usage of 25 trips before it is discarded. The
postconsumer recovery rate for the bottle after its useful lifetime is assumed to be
42 percent. The recovery rate for steel closures used on the bottles is assumed to
be zero.

The glass used to make the bottles has a recycled content of 27 percent.
Therefore, 27 percent of the postconsumer glass that is recovered is assumed to
be recycled in a closed-loop system and the remaining 15 percent that is
recovered is recycled in an open-loop system.

DATA SOURCES

Data for the production of glass bottles in Mexico were supplied by two
glass bottle producers in Mexico. These producers indicated the use of raw
materials produced in Mexico, with one exception. Soda ash used by these
manufacturers is produced in the United States. Data for the production of the
raw materials used to make glass in Mexico were not available for this analysis.
Therefore, data for these process steps were estimated from data taken from
Franklin Associates’ database for similar operations in the United States.

Data for washing refillable glass bottles in Mexico were not available;
therefore, data derived from information for washing and filling PET bottles in
Mexico were used to estimate the data for glass bottles. Data for the average
distance traveled and method used to collect refillable bottles were estimated

14-1
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based on information supplied by MR. Servicios de Fomento Industrial S.A. de
C.V,, Mexico City.

Data for the production of steel sheet (used to make the closures) in the
United States were taken from Franklin Associates’ database. Data for the
production of steel closures in Mexico were not available for this study. It is
assumed that the resource requirements and environmental emissions for this
step will be negligible.

RESULTS AND DISCUSSION
Refillable Glass Soft Drink Bottles

Manufacturing Energy Requirements. Table 14-1 presents the energy
requirements for the manufacture of 100,000 refillable glass soft drink bottles,
assuming 25 trips per bottle. The energy usage is categorized by country and
grouped by bottle and closure.

Process energy accounts for about 87 percent of the total energy for the
system. The glass bottle uses about 94 percent of the process energy. About 95
percent of the process energy for the bottle is used in Mexico. Process energy
used in the United States to manufacture the bottle is for production of snda ash.
All of the process energy for the closure is used in the United States to
manufacture steel strip (energy for fabrication of the closures in Mexico is
assumed to be negligible).

Transportation energy accounts for about eight percent of the total energy.
About 75 percent of the transportation energy is allocated to the bottle. Ninety-
four percent of the transportation energy for the bottle is used in Mexico. About
22 percent of the transportation energy used in Mexico for the svstem is used to
collect empty containers.

The energy of material resource accounts for six percent of the total energy
for the system. All of this energy is used in the United States to manufacture
steel sheet. This energy represents the coal used to make metallurgical coke and
coke oven gas which is used as a raw material for steel production. While it is
recognized that most of the energy content in the coke and coke oven gas is
liberated during the production of steel, the methodology used in this study
accounts for the energy derived from materials used as feedstocks on the basis of
the energy content of the material that is extracted from the earth to produce the
feedstocks (in this case coal).
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ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 REFILLABLE GLASS SOFF DRINK BOTTLES

Refillable Glasy Bolle
United States
Mexica
Total Energy

Steel Closure
United States
Mexico
Total Energy

Package Total
United States
Maexnico

Total Energy

Urocess Energy

Table 14-1

Transportation Energy

Gl

243

VY

52.3

351

Sowrce: Pranklin Associates, 1.0,

Percent
uf Total

V%

V4%

Y3%

45%

43%

56%

‘)3“.!

87%

)

0.23
344

3.66

0.83
0.38

121

Poercant
of Totat

Y%

o'%

7%

1%

100%,

15%

Iy

7‘%0

8%

l!nuru of Malturial Resourcy

Total Bnergy

G

3.54

A.54

3454

Percant
of Tulal

45%

43%

4%

6%

GJ

2.66
53.3

56.0

7.88
0.34

8.25

10.5
53.7

64.2

Percent
of Total

100%

100%

100%

100%

100%

100%

100%

1%,

J0O0%
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Table 14-2 presents the energy profile for production of refillable glass soft
drink bottles. Together, natural gas and petroleum account for about 85 percent
of the total energy for the system. About 81 percent of the total natural gas
energy and 94 percent of the total petroleum energy are used in Mexico for bottle
production.

Manufacturing Environmental Emissions

Solid Waste. Table 14-3 presents the solid waste for manutacturing
100,000 glass soft drink bottles. Included in this table is the postconsumer solid
waste generated from disposal of glass bottles after their last trip.

Process solid waste accounts for about 34 percent of the total solid waste
weight and about 39 percent of the total solid waste volume. About 87 percent of
the process solid waste is produced in the United States for steel strip
production.

Fuel-related solid waste makes up three percent of the solid waste weight
and volume. ’

Postconsumer solid waste accounts for 63 percent of the total solid waste
weight and about 58 percent of the total solid waste volume.

Atmosphcric and Waterborne Emissions. The total atmospheric
and waterborne emissions for manufacturing refillable glass soft drink bottles are
presented in Table 14-4a and 14-4b, respectively.

Most of the atmospheric particulate emissions in Mexico and all of the
non-fossil carbon dioxide and silicon dioxide emissions are process related.
Ninety-six percent of the particulate emissions and all of the non-fossil carbon
dioxide and silicon dioxide emissions are produced during the glass production
step. Most of the other atmospheric emissions are fuel-related. These emissions
are a result of production and combustion of fuels to produce energy for
manufacturing operations and transportation of raw materials and finished
products.

Most of the waterbome dissolved solids process emissions released in
Mexico are from bottle washing. Most of the other process waterborne emissions
released in Mexico are from the production of caustic soda used to clean the
refillable bottles.
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Table 142

ENERGY PROFILES FOR MANUFACTURE OF 100,000 REFILLABLE GLASS SOFT DRINK 8OTTLES
(G) per 100,000 itena avsvming 25 trips per bottle)

l:‘uerﬁy Profile

Total
Petrolewm Caal Itydropouwer Nucluar Waoud Energy

Refillable Glass Botile

United Stales

Mexico 17.3 3 L4 1.33 0.86 1.0 53.3

Total oy 315 RL] 133 0.86 101 56.0

Steel Closure

United States 163 1.20 4.54 0.048 (.37 10.032 7.68

- e
a Mexico 0.3y 0.38
Total 1.63 164 4.54 0.048 0.37 0.032 8.25

011 ‘SAIVDOSSY NIDINVEd

Fackege Tutal

United Stales 406 1.47 4.54 0.8 0.37 0.032 10.8

Mexico 173 N7 K] 133 0 Ko 1.04 53.7
Tatal 214 332 6.0 1.38 1.23 §.04 64.2

Source: Franklin Associates, | 1d.




Refillable Glass Bottle

United States

Mexico

Total Solid Waste

Sieel Closure

9-¥1

United States
Menico
Total Sulid Waste
IPackage Total
. United States
Mexico

Total Sulid Waste

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURLE OF 100,000

Table 14-3

REFILLABLE GLASS SOFT DRINK BOTTLES

Process Wasle

{assuming 25 trips per bottle)

Fuel Waste

Postconsumer Waste

Total Solid Waste

ky

19.8
81.7

[ 1)

668

668

687

81.7

769

Source: Franklia Associates, L.ud.

cubic meter

0.025

0.10

0.13

0.83

0.83

0.86

.10

0.96

Ky cubic meter
(.21 2.6k
50.6 0.063
50.8 0.063
155 0.01Y
0.045 5.7L-05
15.5 0.019
15.7 0.020
50.7 0.063
66.3 0.083

ky

1,183

1,183

230

230

1,413

1,413

cubic meter

0.71

0.71

0.70

0.70

1.41

1.41

kg cubic meter
200 0.025
1,316 0.48
1,336 0.90
683 0.85
230 0.70
913 1.55
703 0.88
1,546 1.57
2,24y 2.45
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Table 14-4a

SUMMARY OF ATMOSPHER: EMISSIONS FOR
REFILLABLE GLASS SOFT DRINK BOTTLES
(Emissions per 100,000 items assuming 25 trips per bottle)

United States Mexico
Process Fuel Total Process Fuel Total
Emissions Emissions Emissions Emissions Emissions Emissions
Atmospheric Emissions (kg)

Particulates 480 037 5.16 782 3.28 315
Nitrogen Oxides 0.15 1.51 177 356 256
Hydrocarbons 0.36 275 332. o 20
Sulfur Oxides 0.75 1.43 219 6.9E-M4 39.4 394
Carbon Monoxide 5.40 1.06 6.45 0.079 115 11.6
Aldehydes 0.020 3.020 035 035
Methane 0.0058 0.0058 0.038 0.038
Cther Organics 0.28 0.28 134 134
Kerosene +.0E-05 +.0E-05 3.2E-05 8.2E05
Ammonia 0.0082 1.8E-04 0.0084 0.0034 0.0034
Lead 3.0E-06 3.3E-05 3.8E-05 0.0015 0.0015
Fassil Carbon Dioxide 369 +Hi 813 . 4119 4119
Non-Fossil Carbon Dioxide 90.5 905
Hydrogen Chioride 5.2E06 3.2E-06 9.9E-05 9.9E-05
Mercury 1.7E-06 17E06 $3E-05 1.1E-04 135E-04
Chiorine 25E05 0.017 007
Chromium Compounds 1.8E-06 9.0E-05 9.1E-05 0.0016 0.0016
Manganese Compounds 4.0E-05 14E-04 1.3E-04 0.0022 0.0022
Nickel Compounds 17E07 9.3E-05 94E-0S 0.0094 0.0094
Zinc Compounds 3.1E05 3.1E5
Copper Compounds 3.4E-06 3.4E-06
Antimony 1.9E-04 1.9E-4
Arsenic +.3E05 43E-05 9.3E-04 9.3E-}4
Beryllium 5.1E06 5.1E96 9.0E-05 9.0E-05
Cadmium $.1E-04 8.1C-04
Cobait 18E06 13E-06 53.3E-04 535E-4
Selenium 1.1E06 LIE06 21E-04 21E-M4
Sulfuric Acd 142 1.42
Nal02 1.8E-M 1.8E-04
KO2 1.3E-04 1.8E-14
V20s 1.8E-04 1.3E-04
Silicon Dioxide 1.68 1.68

Source: Franklin Assodates, Ltd.
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Waterborne Emissions {kg)

Aad

Metal lon
Dissolved Solids
Suspended Solids
80D

CCD

Phenol

Suifides

Qil

Sulfuric Aad
fron

Ammonia
Chromium

Laad

Zinc

Cvanude

Nickel

Mercury

Table 14-tb

SUMMARY OF WATERBORNE EMISSIONS FOR
REFILLABLE GLASS SOFT DRINK BOTTLES

(Emissions per 100,000 items assuming 25 trips per bottle)

United States Mexico
Process Fael Total Process Fuel Total
Emissions Emissions Emissions Emissions Emissions Emissions
V.23 3.8E08 0235 T3E07 73EQ7
3.1E-04 $.1E-M4 0014 0014
0.1 048 2.3 385 0.60 39.1
0.014 +3E04 02.015 037 0.049 0.42
+7EM 17EN 13E-)% 2.18 J.16
0.0022 J.0022 1.3E-36 2127 0.7
1.3E-M L48E406 15E-04 0.0031 0.0031
1.2E35 0.0017 0.0017
0.0013 0.0085 0.0098 0.18 0.13
0.094 0.094 2.16 0.:6
0.057 0.024 0.080 0.040 0.040
7.1E04 6.2E05 7B 0.028 0.028
1.3E907 1.35E07 10E-04 4.0E-04
0.3E-07 6.3E-08 7OEO7 63E-08 1.3E-06 1.4E-06
1.1IE<)5 1.0E<)6 1.2E95 63E-38 1.9E-05 1.9€)5
3.5E04 335E-M
6.3E-08 6.3E-08
1.2E07 1.2E-)7

Source: Franklin Assoqates, Ltd.




FRANSRIN ASSOCIATES, LTD.

Non-Refillable Glass Soft Drink Bottles

Manufacturing Energy Requirements. Tabie 14-5 presents the energy
requirements for the manufacture of 100,000 non-refillable glass soft drink
bottles. The energy usage is categorized bv country ard grouped by bottle and
closure.

Process energy accounts for about 88 percent of the total energy for the
system. The glass bottle uses about 98 percent of the process energy. About 90
percent of the process energy for the bottle is used in Mexico.

Transportation energy accounts for about 11 percent of the total energy.
About 95 percent of the transportation energy is allocated to the bottle. Ninetv-
two percent of the transportation energy for the bottle is used in Mexico.

The energy of material resource accounts for two percent of the total
energy for the system. All of this energy is used in the United States for steel-
strip production.

Table 14-6 presents the energy profile for production of non-refillable
glass bottles. Together, natural gas and petroleum account for about 90 percent
of the total energy for the system. About 83 percent of the total natural gas
energy and 96 percent of the total petroleum energy are used in Mexico for bottle
production.

Manufacturing Environmental Emissions
Solid Waste. Table 14-7 presents the solid waste for manufacturing
100,000 non-refillable glass soft drink bottles. Included in this tabie is the

postconsumer solid waste generated from disposal of the bottle.

Process solid waste accounts for about 13 percent of the total solid waste
weight and about 21 percent of the total solid waste volume.

Fuel-related solid waste makes up two percent of the tota! solid waste
weight and three percent of the total solid waste volume.

Postconsumer solid waste accounts for 86 percent of the total solid waste
weight and about 76 percent of the total solid waste volume.

Atmospheric and Waterborne Emissions. The total atmospheric

and warerborne emissions for manufacturing rion-refillable glass soft drink
bottles are presented in Table 14-8a and 14-8b, respectively.
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ENERGY REQUIREMENTS FOR MANUFACTURE OF 100,000 NON-REFILLABLE GLASS SOFT DRINK BOTTLES

Process Energy

Trausportation Energy

Table 14-5

Energy of Material Resoucce

Total Energy

Percent Percent Percent Percent
(] ot total ) of total "Gl of total GJ of total
Non-Refillable Glass Botile
United States 19.7 92% 1.74 8% 214 100%
Mexico 175 89% 21.2 1% 196 100%
Total Energy 194 89% 229 1% 217 100%
Steel Closure
United States 351 45% 0.83 1% 354 45% 7.88 100%
Mexico 0.38 1% (.38 100%
Total Energy s 43% 1.21 15% 354 43% 8.25 100%
Package Total
United States 23.2 9% 2.57 9% 3.54 12% 29.3 100%
Mexico 175 BY% 21.6 1Y% 196 100%,
Total Energy 198 BY% 24.1 L% 354 2% 226 100%

Source: Franklin Associates, Lid.
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Table 14-6

ENERGY PROFILES FOR MANUFACTURE OQF 100,000 NON-REFILLABLE GLASS SOFY DRINK BOTTLES
{G]) per 100,000 Hems)

- liucﬂ Profile
Natural Total
. Gas Petroleum Coal Hydropower Nuclear Woud Other Energy
Noa-Reftillable Glass Bottle
United States 19.7 1.74 214
Mexicu [T} 74.6 5.28 5.13 3.30 3.49 196
Tutal 124 763 5.28 5.13 33 389 2)8
o Steel Closure
- - —
T United States 163 1.26 454 0.048 037 0.032 7.88
f—y
o Moexico 0.38 - 0.38
- Total 1.63 164 4.54 0.048 0.37 0.032 8.25
) Package Total
United States 213 Jm 4.54 (.48 0.37 0.032 293
Maexico I 75.1 5.28 5.13 33 389 197
o Total 125 780 442 5.18 3.67 3y2 226

Sowve: Franklin Associates, 1ad.




Non-Refillable Glass Botile

United Stales

Mexico

Total Solid Waste

Steel Closure

'y
T +
o United States
Muexico
Total Solid Waste

- - Pachage Total
United Stales
Mexico

Total Solid Waste

Process Waste

Table 14-7

Fuel Waste

SOLID WASTE BY WEIGHT AND VOLUME FOR MANUFACTURE OF 100,000
NON-REFILLABLE GLASS SOFT DRINK BOTTLES

Postconsumer Wasle

Tolal Solid Waste

kg cubic meter (NS cubiv meter kg cubic meter kg cubic meter
160 .20 1.69 0.0021 162 0.20
626 0.78 178 0.22 9,570 5.76 10,374 6.76
786 0.98 180 0.22 v,570 5.76 10,535 6.97
668 0.43 15.5 101y 683 0.85
0045 5.74i-05 230 0.70 230 0.70
668 0.83 155 0.019 230 0.70 913 1.55
827 1.03 17.1 0.0214 845 1.05
626 0.78 178 0.22 9,800 6.46 10,604 7.46
1,453 1.81 158 0.24 9,800 6.46 11,448 8.52

Source: Franklin Associates, Ltd.
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ASSOCIATES, LTD.

Table 14-82

SUMMARY OF ATMOSPHERIC EMISSIONS FOR
NON-REFILLABLE GLASS SOFT DRINK BOTTLE

(Emissions per 100,000 items)
United States Mexico
Process Fuel Total Process Fuet Total
Atmospheric Emissions (kg)

Particulates 165 073 172 633 307 41
Nitrogen Oxides 0.15 3.86 402 363 363
Hydrocarbons 056 129 134 971 97.1
Sulfur Oxides 0.5 22 302 149 149
Carbon Monoxide 540 2 74 .54 81 87
Aldehydes 0.045 0.045 038 038
Methane 0027 0.07 0.19 0.19
Other Organics 032 032 701 701
Kerosene 13E05 43E-05 5.1E4 3.1E-4
Ammonia 0.0082 34E-04 0.0085 0.0080 0.0080
Lead 3.0E-06 39E35 42E435 0.0061 0.0061
Fossil Carbon Dioxide 369 1,468 1357 15,978 15,978
Non-Fossil Carbon Dioxide 732 732
Hydrogen Chloride LOEQ5 1.0E-05 24E-04 24E-04
Mercury L1E06 21E-06 +0E-4 $.0E-M4
Chiorine 0.059 0.059
Chromjum Compounds 1.8E-06 9.8E05 1.0E-}4 0.0057 0.0057
Manganese Compounds 4.0E05 15E-M4 1.9E-}4 0.0078 0.0078
Nickel Compounds +7E07 1.2E-04 1.2E-4 0.035 0.035
Zinc Compounds 3.1E-5 3.1E-)5

Copper Compounds 34E-06 3.4E-06

Antimony T2E04 7IEM4
Arsénic +.3E05 +.3E-05 0.0034 0.0034
Bervilium 5.6E-06 5.6E06 33E-4 33E-M4
Cadmium 0.0030 0.0030
Cobalt +.4E-06 +4E-06 3.0020 0.0020
Selenium 1.7E06 L7EG6 T9E-4 79E-H
Sulfuric Acid 5.34 534
Na202 0.0010 0.0010
K02 0.0010 0.0010
V05 0.0010 0.0010
Silicon Dioxide 13.6 13.6

Source: Franklin Associates, Ltd.
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Table 14-8b

SUMMARY OF WATERBORNE EMISSIONS FOR
NON-REFILLABLE GLASS SOFT DRINK BOTTLE

(Emissions per 100,000 items)
United States Mexico
Process Fael Total Process faed Total
Emissions Emissions Emissions Emissions Emissions Emissions
Waterbome Emissions (kg)
Acd 03 T4E08 05 1. E06 1.E06
Metai lon 0.0016 0.0016 0.0535 0.033
Dissolved Soiids 034 0.96 1.9 1.35 1B
Suspended Solids 0.014 335E-H4 0.015 297 212 508
30D 9.1E-M4 9.1E-M a9 039
CcoD J.0043 0.0045 903 .35
Bhenol 1.3E-M4 5.1E06 10E-V4 00073 2.0073
Suifides JO00H0 2.0040
Cii 0.0015 0.026 0.07 248 J48
Suifuric Acd 00 0.:0 3.3 )36
iron 0.057 0026 0.082 014 Q.34
Ammorna 71E-H4 1.2E-4 33E-4 0.067 0.067
Chromium 29E07 29ED7 95E-4 935E-H
Lead 33E-Y 13847 TIET 3.1E06 3.1E-%
Zinc .1E-S 1.9E6 13E05 13E05 13E-5
Cranide 33E-H 33E-H4
Source: Frankiin Assocates, Ld.
\
|
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FRAMNKLIN ASSOCIATES, LTD.

Most of the atmospheric particulate emissions in Mexico and all of the
non-fossil carbon dioxide and silicon dioxide emissions are process related.
Ninety-six percent of the particulate emissions and all of the non-fossil carbon
dioxide and silicon dioxide emissions are produced during the glass production
step. Most of the other atmospheric emissions are fuel-related. These emissions
are a result of production and combustion of fuels to produce energy for
manufacturing operations and transportation of raw materials and finished
products.

All of the process suspended solid waterborne emissions released in
Mexico are from the production of glass sand. All other waterborne emissions in
Mexico are fuel related.

Disposal Energy and Environmental Emissions

Table 14-9 presents the energy requirements for the operation of packer
trucks and landfill equipment to dispose of postconsumer solid waste from
refillable glass soft drink bottle system (after the last filling) and non-refillable
glass soft drink bottle system. This equipment is assumed to use diesel as a fuel
source; therefore, this energy is derived from petroleum.

The fuel-related environmental emissions for the operation of packer
trucks and landfill equipment to cispose of postconsumer solid waste from the
refillable glass soft drink bottle system and the non-refillable glass soft drink
bottle system are presented in Tables 14-10 and 14-11, respectively.
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FRAMIAIN ASSOCIATES. LTD

Table 14-9

ENERGY REQUIREMENTS FOR DISPOSAL OF GLASS PACKAGING
(gigajoules for units disposed per 100,000 items)

Packer Landfill Total
Truck Equipment Disposal
Energy Energy Energy
Retiliable Glass Soft Drink Bottle*
Glass Bottle 0.041 0.024 0.065
Steel Closure 0.038 0.024 0.062
Package Total 0.078 0.048 0.13
Non-refillable Glass Soft Drink Bottle
Glass Bottle 233 020 033
Steel Closure 0.038 0.02¢ 0.062
Package Total 037 .2 0.39

* Allocated over 25 trips per bottle before disposal.

Source: Franklin Assodates, Ltd.
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Table 14-1¢

SUMMARY OF “UEL-RELATED ENVIRONMENTAL EMISSIONS FOR
DISPOSAL OF REFILLABLE GLASS SOFT DRINK BOTTLES

(Emissions for units disposed per 100,000 iterms)®

Landfll Towal
Packer Trock Equipment Disposal
Annosphenc Emissions ikg}
Particuiates 0.007°% 0.0046 Q012
Nitrogen Oxides 0.099 0.061 Q.16
Hydrocrbons 0025 0015 9.041
Sulfur Oades 0.05 2014 2038
Carbon Monoxide 3952 0.020 3051
Aldenvdes 00013 9 E-04 J.0025
Methane LI9ED 6. 2E06 L76E-05
Cther Orgarucs 1.56E-07 WREY7 L33E07
Kerosene 33TED 32E09 308E<M
Ammorua $3E-2% 3.09E-06 133E-B
Lead 532E-W 341E7 INE-W
Fossil Carbon Ziouce 371 353 a2
Hydrogen Conde 1i5E-)7 1.30E07 3.93E<W
Mercury 1.30E-08 LIIED8 292E-B
Chionine 1ZE96 164E-06 3.91E06
Chrormuum Compounds L30E-37 9.TE-08 24SE-Y7
Manganese Campounds 1.56E-J7 1.BE07 259E-07
Nicke! Compouncs 1..38-06 LO2E-06 2.56E-06
Annmony 335E-38 ~.19E8 3738
Arseruc 1LO2E-)7 052E-08 L55E-F
Bervilium 332E09 3TE09 1.36E-38
Cadmium 1ZE-) TS3E-8 20587
Cobalt L30E-Y7 320E-8 1.aZE-)7
Seleruum 3.85E-38 238E-08 3.25E-38
Sulfunc Aad 267E-M 1.65E-M4 $32E-R
Naz0o2 La3E-)7 LOIEY7 L54E-7
[¢o7] L&3E-Y7 LAE47 13E-Y
V05 LA3E07 101E07 264E-W7
Soiid Waste (kg) 0.00% 0.0058 0.015
Solid Waste :cu m) 1.18E-)5 TITE% 1 90E-)5
Waterborne Emissions (kg)
Aad 6.61E- $+.01E-P LO6E-)8
Metai fon 1.24E-H TS3E45 2.00E-04
Dissolved Solids 3,005+ 0.0033 J.0087
Suspended Solids +47E-R 21E-H T.18E-M4
BOD 00012 9.00E-04 0.0024
cOoD 0.0025 0.0015 0.0040
Phenol 2.79E-)5 LAENS 447E05
Sulfides L51E4S 9.14E-06 2REN
Gil 2.0015 3.15E-04 2.0024
Sulfunic Aad J34E95 LI4E-DS 5.68E-)5
{ron L13E40S 6.83E-26 1.31E-08
Ammona 155E-04 1.55E-04 4.10E-M4
Clyomuium 3 60E-06 218E-06 5.7BE-06
Lead LITE8 7.10E-® 1.38E-)8
Zinc L2E7 LOYE-7 1TRE77

* Allocated over 25 mps per bortle befnre disposal.

Source: Franklin .Associates. Lid.
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FRANKLIN ASSOCIATES, LTD

Table 1+-11

SUMMARY OF FUEL-RELATED ENVIRONMENTAL EMISSIONS :OR
: DISPOSAL OF NON-REFILLABLE GLASS SOFT DRINK BOTTLES

Landfill Total
Packer Truck Equipment Disposal
Emissions Emissions Emissions
Atmosphen Equssions (kg)
Partcuiaes 0035 (111738 0.056
Nitrogen Oxides 246 s 93
Hvdrocarbons a2 072 019
Sulfur C.ades C.l1 9.066 0.18
Carbon Monoxide Q.35 0.090 124
Aldehvdes 0007 0.0043 9011
Methane 39E-5 3.06E-05 3ITE0S
Other Crgarucs b 3 7g +99E07 L24E2
Kerosene 151E-38 132508 +GE-I8
Ammona 335805 133E-S 3.(8F-)5
Lead 239E-% 137896 +..5c06
Fossil Carbon Cioxide h -y 162 £9
Hvdrogen Chionde LIE-% 6.88E07 1.526-%
Mercury 34E-% Z11E8 135897
Chlorme 100E-5 L2E0S 321E
o Shromium Campounds TQREST 125807 1.13E-06
Manganese Compounds TISEQT 12607 1.23E%6
Nickei Compounds T 70E-)6 166E-36 123E-15
' Ancmony 1.90E-07 101E7 137EN7
Arsenuc +.9E97 IS0E-7 ToENT
Servilium 39926 241E08 5.40E-)8
Cadruum 5.95E-37 3NEST 33E-)7
Coba.t 4. NE-)7 IS4E-)7 THE-T
Seleruum 1.30E-)7 1.09Ew7 19€E-77
Sulfunc Aad 0.0012 T3TE-M 13.0020
Nao2 TA5E-T7 +.63E4)Y 1L.5E6
o2 783E-N $.63C97 1.3E4%
Vs TA3ET +.63E~17 1.25E6
Solid Waste :kg) 0.0 0.027 001
Soiid Waste .cu m) 331E5 3335 3.34E-15
Watecbome E:russions 1kg)
Aad 6.01E-9 1.01E49 G 1)
Metal lon 124E- T33E05 2.00E-)4
Dissoived Solids 0.0054 2.0033 0.0087
Suspended Solids 44TE-H ITIE04 TI18E-M4
BOD 0.0015 9.00E-4 2.0024
cCD 9.0025 0.0015 1.0040
Phenol 19E95 1.99E-05 +47E-)5
Sulfides 131E05 9.14E-06 242E5
il 0.0015 9 15EM4 2.0024
Sulfunc Aad 3.34E-)5 ~ZHHENS 3.68E-1)5
ron 1.13E-)$ 5.83E-06 1.31E-)5
Ammona 1355E4 1 35E-04 4.10E-04
Chromuum 3.60E-96 2.18E-% 5.78E-%
Lead LITE8 7.10E-9 1.38E-08
Zine L7ZES7 1 4E-07 2TAEAY7

Source: “ranklin Assocates. L:d.
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