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PREFACE 

This work was conducted for the United Nations Industrial Developmmt 
Orga..1lization (UNIDO), Vienna, Austria. The work was sponsored by an 
industry committee consisti...11g of many major industrial enterprises and trade 
i1$0ciations. The study was directed by Dr. Juan Careaga, of 1\e Instituto 
Internacional del Recidaje S.C. (IIR). Data collection m Mexico was performed 
by M.R. Servicios de Fomento Industrial S.A. de C.'.'. under the direction of 
Dipl. Ing. Manfred V. Rucker Koehling. 

Tne study was performed by Franklin Associates, Ltd. under the direction 
of Kent J. Hart, Project Manager. Significant contributions were made by Melissa 
D. Huff, Carol C. Hildebrandt, Beverly J. Sauer, Daniel C. Janzen, and Terrie K. 
Boguski. William E. Franklin served as Principal-in-C:1arge. 

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 
Inver.tory, 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 b~ 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. 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! 

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 consumptio!l 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 delivery 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 secondary and tertiary 
packaging. It would be misleading to calculate the delivery of the total 
package system while only considering the primary packaging; 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 recycling 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 analvsis. Glass and PETG refillable bottle svstems are analvzed at an 

• J • 

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 t~e life cycle inventory methodology 
described by the Society of Environmental Toxicology 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. 

1-3 



........ ASSOCIA'lts. LID 

Tai.Jle 1-1 

SYSTEM CONFIGURATIONS 

Pacbge Weight 
Weight/ Volume Unit perl00,000 

Materia.l ofContml'i Weight containers 
(grams) (kg) 

Three-piece can for chiles 198 grams 44.138 ·U14 
Can body Tin-coated steel sheet 26.584 2.658 
Can end or top (each) Tin,oated steel sheet 8.m 8i8 

Beer can 340 ml 15.66 1.566 
Can body Aluminwn sheet 11.98 U98 
can toe Alwninwn sheet 3.68 368 

:-.ion-refillable soft drink ·,ottle 355 ml 167.3 16,730 
Bottle Glass 165 16.300 
Crown Steel 2.3 230 

Refillable soft drink bottle 500 ml 512.3 51.230 
Bottle Glass 510 51,000 
Closure Steel 2.3 230 

Refillable soft drink bot:le 1.5 liters 108.73 10,873 
Bottle Blow-molded PETG 106 10,600 
Oosure injected-molded polyproeylene 2.73 273 

Non-refillable, edible oil bottle 1.0 liters 41.1)395 4,104 
Bottle Blow-molded PET 385 3,850 
Closure lnjection-molded HOPE 2.5395 254 

Shampoo "Dottle .WO ml 59 5,900 
Bottle Blow-molded HOPE 45 4.500 
Closure injected-molded pol!f roerlene 14 1,.1()() 

Water bottle 3.78 liters 113.5 11.350 
Bottle Blow-molded PVC 110 11,000 
Closure lnjectiun-molded HOPE 3.5 350 

Bread ba~ LOPE film 650 grams 8.74 874 

Su!arba~ Woven El!froeylene fabric ;o kg 95 9.500 

Pancake syrup contamer 3:4 ml 40.1 ·l.010 
Bottle Blow-molded polypropylene 34.25 3,425 
Closure Injection-molded HOPE 4.7 470 
Cae for closure ln!ection-molded HOPE 1.15 115 

Yogurt container 240 ml 12.119 1.212 
Container Injection-molded polystyrene 11.7081 1,171 
Foil seal .-1.lummwn foil 0.4109 41 -

(continued) 
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Crate for grapes 
Box 
Top 

Sack for com tlour 

Sack for cement 

Folding carton cereal box 

Box ~r egg trays 
Box 
Inner seearator 

Metallized snack eack 

Gable toe milk carton 

Ase2tic brick for milk 

Fruit crate 
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Table 1-1 
(continued) 

SYSTEMCONRGURATIONS 

Weight/ Volume 
Material of Contents 

21.23 liters 
Expanded polystyrene 
Expanded E!;?Ivstvrene 

Bleached semi-!craft eaeer 1~ 

'.\ltulti-layered unbleached 50 kg 
semi-kraft eaper 

Clay-coated eae!rboard 350 gran'.S 

30 trays 
Corrugated pal'f'rboard 

Corru~ated eaf!rboard 

Al. metallized BOPP fihn 25 grams 

LOPE-coated eaf!rboard 1 liter 

Al/LDPE/Pa2!rboard laminate 1 liter 

Wood 35.2 liters 

Source: Franklin Associates, Ltd. 

Package Weight 
Unit perl00,000 

Weight containen 
(grams) (kl! 

327 32,700 
215 21,500 
112 11.200 

15.7 1,570 

285 28,500 

80 8.000 

1.222 122,200 
1,034 103 • .WO 

188 18,800 

1.7314 173 

31.85 3,185 

28.5 2,850 

885 88.500 

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 proc~ss that are required to 
manufacture the system components. n1e resource requirements and 
environmental emissions for the complete system are determined from the 
requirements and emissions for each subprocess that make up the system. 
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There is a general consensus amo!lg life cycle practitioners on the 
fundame!ltals of life cycle inventories. However, no generally accepted 
methodology has yet been defined for some specific aspects of life cycle 
inventory. LCI practitio:ters vary in their approaches to these issues. The 
following sections define some of these aspects and describe ~he approach to 
each issue used in this study. 

Partitioning/Coproduct Credit 

An important feature of life cycle 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 
difficult or impossible to idE:ntify 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 c01lculating this ratio are discussed in literature 
(References 2, 3, 4, 5, 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 generc'.l 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. 
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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 (com stalks left after com harvesting) can potentially be used 
as animal fodder. However, the potential for use is not sufficient for 
consideration as a coproduct. Because com stalks are usually discarded and 
left to be plowed back into the 6eid, they fail the definition of a coproduct. On 
the other hand, they require no waste treatment and are often simply left in 
the 5.eld to decompose and cause no alteration of natural 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 after 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 com harvesting, the stover is igno1ed as both an 
input into the process and as an outr ..!t. All energy and emissions for com 
harvesting are assigned to the com. Similarly, overburden returned to the 
mine site is not included as waste and brine that is inj-ected back into the oil 
well is not considered as a waste. 

Energy of Material Resources 

For some raw materials, such as petroleum, natural gas and coal. the 
amount consumed in all applicaticns as fuel for exceeds the amount 
consumed as raw materials for prod;Jcts. 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 i!lustrated in Figure 1-2. 
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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 resourr: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 wood are for products such as paper and lumber. Similarly, 
some naturally oc~l.4rring 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, materi'1l is diverted from disposal by its 
unlimited recycling or reuse.- For example, aluminum from <'luminum 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 1.escription of how individual processes can be viewed in a 
closed-loop system. Tnis 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 
close<l-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 i; not recycled. This extends the life of the initial material, but only for 
a iimited time. Figure 1-4 illustrates how the processes in an open-loop 
recycling system are analyzed. 

The significant difference between open-loop and dosed-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 ~missions 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 - l)/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 rougrJy comparable to a 96 percent closed-loop recycling system, 
where 96 percent of fae 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 system. 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 necessity 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 c2.pital 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 Personnel Requirements. The energy and wastes associated 
with research and development, sales, and administrative personnel or 
activities are not included in this inventory. 

Miscellaneous Materials and Additives. Materials such as catalvsts, , 
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 included in this 
analysis. It is assumed that trips to retail stores are necessary for other 
reasons, and are not attributed solely to the products. Similarly, the energy 
recr..Jired 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 US. 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 survevs show that manv households do in fact use hot 

, J 

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 of 
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 
p\°>rtion 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 

hw Material 

Three-piece tin-coated steel can 
Tm-coated steel sheet 
Fmished can body and ends 

Aluminum beer can 
Aluminum sheet 

Aluminwn ingots 
Bauxite 
Alumina 

Converted can body and top 

Nllln-~fillable glass soft drink bottle 
Glass 
Steel crown 

Steel 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 
HDPEdosure 

HOPE shampoo bottle 
HOPE bottle 
Polypropylene closure 

Polypropylene resin 

1-15 

Country of Origi."t 

U.S.A. 
Me:<ico 

U.S.A. 
U 5.A., Canada 
U 5.A., Australia, Jamaica 
Australia, Jamaica, Guinea 
Mexico 

Mexico 
Me:<ico 
C.S.A. 

Mexico 
Me..'tico 
U.S.A. 

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

Mexico 
U.S.A. 
Mexico 

Mexico 
Mexico 
U.S.A. 

(continued) 
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Table 1-2 
(continued) 

COUNTRY OF ORIGIN FOR RAW MATERIALS 

PVC water bottle 
PVC bottle 
HOPE closure 

LDPE brud bag 
LOPE bag 

Woven polypropylene sugar bag 
Woven bag 

Polypropylene resin 

Polypropylene syrup bottle 
Polypropylene bottle 
HOPE closure 
HOPE cap for dcsure 

Poly.styrene yogurt container 
Polystyrene container 
Foil seal 

Aluminum foil 
Aluminum sheet 

Expanded polystyrene grape crate 
Polystyrene crate 

Paper sack for com flour 
Paper sack 

Bleached semi-kraft paper 
Post-industrial paper 

Paper sack for cement 
Paper sack 

Unbleached semi-kraft paper 
Post-industrial paper 
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Country of Origin 

Mexico 
Mexico 

Mexico 

Me'<ico 
t:.S.A. 

GS.A. 
US.A. 
US.A. 

Mexico 
~!exico 

Mexico 
U.S.A. 

Mexico 

Mexico 
Mexico 
Mexico, U.S.A. 

Mexico 
Mexico 
Mexico. l:-.S.A. 

(continued) 



Table 1-2 
(continued) 

COUNTRY OF ORIGIN FOR RAW MATERIALS 

Folding arton ~box 
Cereal box 

Boxboard 
Double kraft liner 
Old corrugated. containers 
Oaycoating 

Conugated box for egg trays 
Corrugated box 

Corrugated boxboa.rd 
Old corrugated containers 
Preconsumer box clippings 
Starch adhesive 

Com 

Metallized snack pack 
Metallized BOPP film 

Aluminum wire 
BOPP film 

Polyprcpylene ~in 

G.1ble top milk carton 
Milk carton 

LOPE coated paperboard 

Asepticbridcformilk 
Aseptic brick 

Laminated aseptic board stock 
Aluminum foil 
LOPE resin 
Paperboard 

Wooden fruit crate 
Fruit crate 

Source: Franklin Associates, Ltd. 
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Country of Origin 

Mexico 
Mexico 
li5.A. 
Me.xico 
{;5_..\. 

Mexico 
Mexico 
Mexico, U.S.A. 
Mexico 
Mexico 
U.S.A. 

Mexico 
Germany, U.S . .-\. 
Mexico 
t:.5.A. 

Mexico 
U.S.A. 

Mexico 
Mexico 
U.S.A. 
U.S.A. 
Brazil, Sweden 

Mexico 
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DATA 

The accuracy of the study is only as good as the quality ~f input c!ata. Tne 
development of methodology for the collection of data is essential to obtaining 
quality data. Careful adherence to that methodology determines not only data 
quality but also objectivity. However, methods for quantifying and communicating 
data quality have not yet been established. Documentation of the methodology for 
data collection is currently the only method for comnmnicating 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 identify 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 
daia i:; 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 CV., 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 revie~. 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, reasonableness of assumptions, and 
rep re sen ta ti veness. 
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Figure 1-5. Datd collection worksheet (continued). 
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Figure 1-5. Data collcdion worksheet (continu~d). 
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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 re\•iew 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 indi\·idually, 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 F AL database of LCI data for 
products and processes. This database has been developed over a period of 
years 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 pr.:>ducts. 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 publications, 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 source 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 D~ta 

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 deaned. 
Crude oil is refined to produce fuel oib and liquefied petroleum gases. Raw 
natural gas is desulfurized, cleansed, and adjusted in composition to meet 
pipeline stmdards. 

To avoid confusion regarding environmental emissions from the 
combustion of fuels and emissions resulting 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 source, 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 tum 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 5.A. de C. V. compiled data for energy sources and emissions from 
public data of Comisi6n Federal de Electricidad. These same data for 
emissions from utility boilers were ust:d to estimate the emissions from 
industrial boilers. M.R. Servicios de Fomento Industrial 5.A. de C.V. also 
collected the data for the combustion energy content of fuels in Mexico. 
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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 
wavs. 

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, l:.ut 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. Tne number of producers responding is 
reported in each succeeding chapter of this report. 

The data received from Mexican producers were compared to average 
U .5. 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 ~lexico, sot: 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 :.n the U.S., there are no data suggesting that pollution 

1-30 



..._..ASSOCIAlCS.LID 

controls are the same, which may lead to indeterminate errors incurred by 
using U 5. data as surrogates for manufacturing in Me.'<ico. Therefore, 
validity of any conclusions dra\\rn 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 Me..'<ico. Therefore, results 
are reported according to country. 

The energy requirements and environmental emissions for 
manufacturing operations and the amounts of postconsumer solid waste 
resulting 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 on 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 ~f 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 both 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 
• 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 
sy!:»l:ems being examined. No attempt h~ 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 
consuI!lPrs 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 present~d 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 a!l 
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 or transportation energy as 
well as the process emissions are included in the analysis. 

Waterborne Emissions. Waterborne emissions are categorized as 
orocess or fuel-related emissions. Process emissions include all waterborne • 
polluta:i.ts produced during the manufacture of a prod".lct that are not the 
result oi the combustion of a fuel. Fuel-related emissions include all 
emission,.:; 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 c.f 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. 



1 

2 

3 

5 

6 

RIAMCUI ASSOCIATF.S. LID 

REFERENCES 

SETAC. 1991. A Technical Fr3Dlework for Life-Cycle Assessment. 
Workshop report from the Smugglers Notch, Vermont, USA, 
workshop held August 18-23, 1990. 

Boustead, Ian. Eco-balance Methodology for Commodity 
Thermoplastics. A report for The Centre for Plastics in the 
Environment (PWMI). Brussels, Belgium. December, 1992. 

Hunt, Robert G., Sellers, Jere D., and Franklin, William E. Resource 
and Environmental Profile Analysis: A Life Cycle Environmental 
Assessment for Products and Procedures. Environmental Impact 
.Assessment Review. 1992; 12:245-269. 

SETAC. 1993. Guidelines for Life-Cycle Assessment: A "Code of 
Practice." 1st ed. Workshop report from the Sesimbra, Portugal, 
workshop held March 31 through April 3, 1993. 

life-Cycle Assessment: Inventory Guidelines and Principles. Risk 
Reduction Engineering Laboratory, Office of Research and 
Development, United States Environmental Protection Agency. 
EPA/600/R-92/245. February, 1993. 

Product Life Cycle Assessment-Principles and Methodology. Nord 
1992:9. ISBN 92 9120 012 3. 

1-34 



.----~JAlt.:J,LlU 

Chapter2 

ENERGY AND ENVIRONMENT AL 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 Fl"imary 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. 

2-1 



......_ASSOCIATES.LID 

- iii ~ ~ .... ~ 
:; " o· .. .... . - ~ 8 8 

;! 
... =-~ ·-c ii c.. 

.. 
:i - ~ 

:n ..... =- g .... 
= ':J N 
;:i 

z 
~ 

z v ,... .. - .. 
;; :I 

= -~ ~ ~ :oi "' :; 
c.; v "-' Xi ::0 = t =-< -- ~ 

c.. 
~ .. 
> ;,o - -:; 
= ~ 
~ - - 0 ..... iri .n 
::::; ·~ 

..J z -~ 
::::; 

< 
0 
0 
0 -- .. 

~ ~ ~ Q ~ :; ~ ... 3 :0 :-
N ~ ~ i'i 

..:! 
,.. .. t 

= - = c.. 
..:::i - 1 oW -?-- -::::; .. 

= "". ~ C'-: s ..... 
!! v N 

~ .; .. 
::J ~ z 
< 
~ 
= ,... 
;;: ~- ~ ~ ~ ~ 

~ ,,, 
~ ~ i ;n 

v~ 
~ 

z ·-.. 
;:i -
~ 

;:i .. 
:oi "' = v ..,,. ""'. ~ - ~ 

~ 
..0 

::J = 0 

:t "". 

~ .. 
;:i .. .. 
= ~ -
>- -~ ti 

" ; 
= ~ ~ 
:oi '.J -~ z v :~ ;.;I :0 

1 ... < .. v >-
" ;; '° .. 
> ... 
" ~ " ~ = :::; .. .. ~ Q ~ ; .... 

.! ';( -:; -:::s t.:. 
::: ::: ill -; ·- ::J ~ to- 1i 

~ 
'.J 

= < ~ 

2-2 



....... ASSOCIATES. LID 

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 smelhng. 

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 55 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 manufacturing 100,000 
aluminum beverage containers. Included in this table is the postconsumer solid 
waste generated from disposal of containers that are not collec·_....:d for recycling. 

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 proces:; solid 
waste is produced in the United States and in countries supplying materials to 
the U .5. 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. 

Postconsurr.er 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-~a and 2-4b, respectively. 

Most of the atmospheric emissions for operation·; in Mexico are fuel 
rdated. 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. 
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T.ible 2-3 

SOLID WASTI! DY Wl!IGllT ANI> VOLUME POJt MANUFACTUJUi 011100,000 
Al.UMINUM UliVIHtAGll CONTAINlms 

Pruce1111 W Hle lluel WHlo Poa1lcon•umar Wtt11lo 
kg cul>ic meler kg cul>ic mcler kg cul>k mcler 

N Aluminum Uever•ge Cunloahu:rlli • 01 

UnileJ SI.ilea 1,511 l.H9 ~D6 l.IM 

Mexicu 72.7 o.rnJ t 33.b 0.1"12 758 5.Jl 

Tul•I SuliJ W.i11le 1,584 1.98 8711 I.II') 758 5.11 

~111n·c; 1:1,mkJin Assod.1lcs, I.hi. 

Tut.ii Solid W•11le 
kH cul>lc meler 

2,347 2.93 ' . 
! 

864 5.24 [ 
s 

3,212 8 17 



Abru>s?henc Emisstons lkg) 
P3rticulares 
~1trogen Oxides 
Hydrocarbons 
5Wfur Oxides 
Carbon '.\.fonoxide 
A.ldehydes 
Methane 
Othft'~cs 
K.!roserle 
Ammonia 
Lead 
H~F!uonde 

Fossil Cubon Dioxide 
Hydrogen Chloride 
Mel'C'..uy 
Chlonne 
Chromium Campouncis 
Man~ese Compounds 
'.'iidco?! C.Jm~s 
.\namony 
. .vseruc 
iluyllium 
udiruum 
C.Jbalt 
Seieruum 
Sulfuric .\cd 
'.'IL02 
K02 
V:OS 

Source: Franklm . .Usooates. Ltd. 
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SUMMAllY Of ATMOSPHEIUC EMISSIONS FOR 
.U.L'MINUM llEVBACE CONT.UNERS 

tfmissioas per 100.000 ~I 

Pruass fuel Total 
Emisaioas EnriSfiom Emi!sicms 

f'roass Fuel Total 
Emissions Emissions Emissions 

31.J , .... .u-~ .. 
11.:; ~cu .{().J .. _ 

33.0 35..3 .__, 
I":; -)3.o :"6.l -
::"6.3 !5.-l -?I:? 

0.011 tl:l} 1:1 

.:._;4 :.61 
~-.:S 9:S 
::u :S.:l 
:5.::- :6.::-
?• .. .. ' •°L• !.~ ... 

().!O ll.:o 
o~ .j.IJl6 J.tU.5 ].Q.45 

!.!-l ... -·-t -t:-l .. :.; 
0.0015 110015 

o.oor. o.omo ·l009'i 
J..iE-Oi 0.0019 0.0019 

1.08 l.5a 

;.dE..JS iaE .. JS 
100"'..2 ,101= 
•1001~ ·J.OOH 

!.I.W 10.()59 i.i.199 
-l.lE--05 5.9E--OS 9.9E..,J5 
3..3E~ 3.!E..JS l.!E .. .J.l 
3.SE--05 HE .. 15 

3.5=3 3353 
o.-lE .. JS 6.-lE...JS 
:-.;"E .. )5 7:-E-15 

!J.011 !J.011 
0.()()4; J.~7 .10011 il.0011 
0.0076 1l00i6 •J.001-t IJ.001-l 
1J.IXUi' '.l.i'IO.l7 :).0068 i>.0068 

!.-l.E ... .u !.-lf..;J-l 
!J.0023 ·10023 .;.-1£ ... .u 'i.-lE-.14 

:..7E--04 :.;c:.;).l ,,,;:£ .. JS .;.rE .. JS 
HE..J.l ;_3£ .. J.l 

LJE..J4 l..3E~-l -l.QE .. » -l.OE ... J.l 
iOE-VS iuE..JS ~_5£ ... ).l :-3E-.» 

!.:13 :.ll3 
9.1E.JS 9.:E .. J5 
9:£..;)5 9.:E .. JS 
9 !E-1l5 9.:E .. 15 
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W~titriJome C!russions (kg} 
Acid 
Metal [on 

Dissotvitd Solids 

Suspitru:itci Solids 
SOD 
coo 
Phenol 
5uHidits 
Oil 
5uUunc .-\cc! 
rron 
Ammorua 
Chromi\:m 
wd 
z:nc 
Fluorides 
Cyanide 

-~wrunum 
'.\"ickei 
Merc-.uy 
!'?losphatits 
Arsenic 

5ource: F:-anitiin .\SSOQres. Ltd. 

T~ble2-ab 

StJMMAlly OF WA TEllBORNE EMISSlONS FOR. 
ALUMINUM BEVDACE CONTAINERS 

lEmissioas pu 100.000 items) 

Uaited SQ!es 
Process fuel TObl Process 

Emiaioas Emisaons Emissio~ Emissions 

0.Zi UE-07 0.1; 
J..11 0.!»Jl O.i2 
3..iJ 5..35 9.•8 24.0 :1.0 0-0049 21.0 0.13 
l.19 o.oos.; U9 
:u OJP...S Ii.I 0.98 

UE~-1 3.0E-05 L7E..J.1 
9..3E..J6 9..3E-J6 

7'.39 0.099 i.-fl9 0..3-l 
5.I;' -T-::J •• 1 

ilC.U l.19 l..3-l 6.7E .. J5 
tl.081 6.9E-04 o..osz 

l.Zf.;)6 l.:C-06 2.9E-06 0.005.3 
5.3E-Oi i.:iE-Oi l..3E-06 0.00«,9 
i.3E-J6 l.IE-05 I.9E--05 0.031 

O.:!.; 0.1.; 0.037 
!.:"E..J.; 2.:E..J.l O.QO.l1 

0.10 
5.0E-.l8 5.0E-08 0.019 
HE-l8 9.IE .. l8 6.1E..JS 

I.:il !.:ii 

3.5E-.J4 

2-i 

:Waico 
fud TObl 

Emissions Emissions 

-t.7E-07 L""E-Oi 
0.!nlCJ 1).0089 

0.39 !·U 
0.032 0.16 
0.11 0.11 
0.18 l.16 

0.00::0 0-0020 
o.oon 0.0011 

0.12 tl-16 
0.10 0.IO 

0.026 J.tr-5 
0.018 0.018 

2.6E-04 110055 
3.-lE-W 1).0069 

l.:E-05 0.031 
O.D3i 

0.0041 
0.IO 

!J.019 
~-ZE--05 

~.5E--O-l 
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Atmospheric hydrocarbon emissions are produced during the can 
production step. Presumably, these emissions are a result oi 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 varnishes and paints. 

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

Disposal Energy and Environmental Emissions 

Table 2-3 presents the energy requirements for the operation of packer 
trucks and landfill equipment to dispose of postconsumer aluminum bevenge 
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 landfill equipment to dispose of postconsumer aluminum beverage 
cans that become solid waste are presented in Table 2-6. 
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Table Z-5 

ENERGY ReQL1REMENrS FOR DISPOSAL OF ALUMINUM 
BEVERAGE CONTAINERS 

(gigajoules for units disposed per 100,000 items) 

Aluminum Beverage Containers 

Source: Franklin Associates. ltd. 

Packer 
Truck 
Energy 

2-9 

Lmdfill 
Equipment 

Energy 

0.18 

Total 
Disposal 
Energy 

0.47 



SUMMAllY OF R.,,U-llL\TED ENVIRONMENTAL EMISSIONS FOR 
DISPOSAL OF AI.UMif\11'1."M !!EVBACE CONT AINE1lS 

IEtnini- for -.itf disposed pu 100.000 ititms) 

Lmdfill Tobl 
P~Tnzdt Equipment D~ 

Emissions Emissi«u. Emissions 
Atmosphenc EmlS5IOnS lk§) 

!'zrucuiltes IJ-llr 0.01:;" •J.O.U 
:">i~Oxaie rJJ; ~ .J.59 
Hydroarbons 0.093 IJ.IJSi" .J.!5 
Sulfur Oxides ,J.(J@i :).()52 :J.i-1 
Cubon Monoinde .J.r: (J.(J:;"l l.19 
-~yde •J.0050 o~ ·J.009! 
~ -tJ3E-.JS :.-"E-JS .,_.;;:.)5 
Od1U Organics ,.:,3E .. J:;" 3.:1E..Ji ~~f-}7 
~ L99E-J8 :.:oE-lli 3.:~E-l8 
-~ 3.il5c.-l5 :.35E-J5 ii:9E .. J5 
~ ::Ec.-J6 Ll-IE-tl6 3.:SE-l6 
Fossil Cubon :::ioiade :1.: !::..S :3.9 
Hycirogm CUor.de Hl!E-r. ii-IE~:;" :.~-116 
~e«"-UY 'i0i"E-J8 T.J4E.J8 :.J:':-)7 
2llontt I.SSE-JS :J.57E-J6 :5--lE.JS 
O.rom.nun C.xn!X w·1s 5-~~ .. r, 3..37E-r. H:.E-iJ7 
~npnese Compounc!s 6.!6E .. r, 3.:3E-J:;" ~.~E..r. 
~ic:Xd C.)mpouncis :i.09E-l6 3.o9E-<l6 1 :-OE-J6 
.~cmony :..;1E .. ,- :-.he-JS :::;-r. 
.-\rs.!ruc 3.:9E-r. :.:<JE .. r, "-~~E""l; 
3ery:Iium :USE->8 ~-~lE-<18 :.Ji"E-18 
udauum i.09E-r. :.s.1e .. 1; -s:;E->7 
C.>bait 3.:-tE .. J: ::sE-.ii' =~c-1; 
Seieruum U3E..J7 i.o-tE-JS :.:~E-J7 
Sulfunc Aad ~.89E-H H9E-u lJOlo 
~~02 .,.1J5E .. J7 3.oi'E-i; ~ ::.E-Ji 
:<:02 •i.JSE .. J;" 3.bi'E-<17 1 :-:.E-Ji 
v:os :ul5c.-J7 j.oi'E-J7 ~ :-:.E-Ji 

:iolid 'N ure • ~J O.C35 0.021 lOSo 
Solid W.u:e !CU m) -l.36E-J5 :.ME-<JS '.' .x>E-iS 

Waterborne Emwwns llt~l 
. .J,ctd ?.6lE-J9 ·tOlf .. '19 :.J6E-l8 
'.\lf~l[on :.:•E-~ ':' 53E-<15 :.::OE-l4 
Dissolved Suiids 1005-l 0.0033 ·h1087 
5uspended Solids Hi'E~J.l :.:if .. )-1 ':'.:sE .. :i.; 
!!OD •).0015 ~ l)()f .. }l l!l01i 
COD 1.0025 •l.0015 .).0040 
P!lenol :.;"11E..iJ5 l.iNE-·15 ~.•:;"E·l5 
5uifides l.51E-l5 ~.l-'f-4)6 :o:E-15 
Oil :J.0015 '1.!5E-.J4 .) IAl2-I 
:iultunc Aad J_"-lE·JS !.l-IE-05 3:i!E·15 
Iron 1.!3E·<>S 683E .. l6 UlE•lS 
Ammorua !.35E .. .l4 l..55E-.>l ~.:cs; .. :i.; 
Chromium l60E-J6 :.:SE.()6 : :-SE .. ;o 
Lt? ad !.::"E-1)8 :- rnt:~l9 L.S8E·18 
Zinc l.~··17 :.C-IE·l7 :?.:"lie·>7 

5ourct: !=nn.idin .~noc:art1. :.:d. 
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Chapter3 

ENERGY AND ENVIRONMENTAL RESULTS 
FOR PAPER PACKAGING 

11'.IRODUCTION 

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

• Bleached semi-kraft paper sacks for com 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 com flour and cement are presented in 
Appendix D of the separately boWld 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 ~lexico 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 :iot recovered; thus, it is assumed to be in an open
loop recycling system. Old corrugated containers used to produce day-coated 
paperboard are assumed to be produced in Mexico. 
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The recovery rate for the cement sack is as.5umed 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 as.5umed 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 d\ 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 com in the United States were also taken from this database 
(com 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 day-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, ceme!"l.t 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. 

RES UL TS 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. 
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Transportation energy accounts for the remaining ten percent of the total 
energy. About 6i 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 1 t; 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 r~sult of production and combustion of fuels to 
produce energy for manufacturing operations and transportation of raw 
materials and finished products. 
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~ r:lour S•cks 

°' 
United Stales 

Mexico 

Total Solid Waste 

Table 3-3 

SOI.II> \\'ASTE UY WlHGll'I' ANI> VOUJMI! FOi{ MANUllACTUIUi fW I00,000 
ULEAClll!U Sl!Ml-KUAl;-f t•APER r:l.OUI{ SACKS 

Pruce11s Waste 
kg cubic mt!ler 

Fuel Waste Po11lconsumer Wa111le 
kg cubic mcttir ·kg cubic meter 

165 0.21 239 0.30 

133 0.17 51.0 0.064 1,335 3.04 

29~ 0.37 290 0.36 1,335 3.04 

Suun.-c: Fr.mklin Associc\lcs, I .Id. 

Total Solid Waste 
kg cubic meter 

404 050 

1,519 3.27 

1,922 3.77 



Atmospheric Emissions (kg) 
P3Iticulates 
~itrogen Oxides 
Hydrocarbons 

Sulfur Oxides 
Cirbon MonoXIde 
. .\.ldehydes 
~(ethane 

Other Organics 
r<e..rosene 
Ammonia 
lead 
Fosstl Urbon Dioxide 

~on-Fossil Carbon Dioxide 
Hydrogen Chloride 
'.l.lerc-.uy 
Chlorine 

Oaorous Suiiur 

Chromium Compounds 
Manganese Compounds 
~ic.'cel Comcounds 
Antimony 
Arsenic 

Beryllium 
Cadmium 
C.Jbalt 
Se!eruum 

Sulfuric Acid 
~al02 

K02 
v:o; 

Source: Franklin .~soaates. L~d. 

Table~ 

SUMMARY OF ATMOSPHERIC EMISSIONS FOR 

BLEACHED SEMI-KRAFT PAPEll FLOUR. SACKS 
CEmissions per 100.000 imns) 

United States 
Process Fuel Total Process 

Emissions Emissions Emissions Emissi01l5 

0.31 6.16 U7 
1:.6 l"' . ~o 

0.15 9.!'.3 9.!8 
1.12 16..3 i--i~ 

:4.8 24.S 
J . .:3E-04 1.41 l..U 

0.022 0.022 
1.38 l...38 28.3 

1.69E-04 l.69E-04 
2.olE--04 0.0019 0.0022 

5.99E-04 5.99E.J4 
3,072 3.0i2 

10..i 2.381 2.392 
5.iOE-05 5.iOE-05 

6.31E-05 4.94E-05 l.18E-04 
4.illE--05 ~.OlE-05 

1.15 1.15 
0.0012 0.0012 
O.OOli 0.00li 
0.0039 ll.0039 

6.14E-04 6.14E-04 
6..59E..IJS 6..59E-OS 

2.l lE-04 2.llE-04 
S.09E--05 8.09E-iJ5 
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Mexico 
Fuel Total 

Emissions Emissions 

2.52 2.52 
105 105 
19.i 19.7 
39..3 39..3 
8.69 3.69 
0.12 0.12 

0.039 0.039 
2.85 31.1 

9.0lE-llS 901E--05 
0.0024 ·1.0024 
0.0013 0.0013 
3.542 3.542 

6.9-lE-05 6.94E-05 
1.l-lE-04 1.l-lE-04 

O.Qli O.Oli 

0.0016 J.0016 
1).0022 0.002:! 
0.010 1).010 

Z.07E-04 2.07E-.J4 
9.68E..;J4 9.0dE .. J4 
9.JOE--05 'i30E-1JS 
3..53E-04 8..53E.J4 
3.85E-04 5.SSE.;J4 
2.:sE-.14 2.:sE-04 

l.51 l.51 
i.69E-U5 7.69E ... >5 
i.69E-05 7.69E-OS 
i69E-05 i.69E-05 



Waterborne Emissions 1kg) 
Acid 
Metal Ion 
Dissolved Solids 
Suspended Solids 
BOD 
COD 
Phenol 
SuHides 
Oil 
SulfuricAod 
Iron 
Ammonia 
Chromium 
L?ad 
Zinc 
Cyarude 
Alkalinity 
~ickel 

Mercury 

........ ASSCXJATES.LID 

Tmle.3-&b 

SUMMAltY OF WATER.BORNE EMISSIONS FOR 
BLEACHED S'EMI-KRAFT PAPER. FLOUR SACKS 

(Emissions per 100.000 items) 

United States 
Process Fuel Total Process 

Emissions Emissions Emissions Emissions 

0.39 U9E-Oi 0.39 
0.0089 110089 

0.60 5.'18 5.08 0.15 
5.dl O.O<W ,;_33 ?.00 
i.09 o.oosz .;_09 Q.OZZ 
-l.09 O.O:t Ul 0.093 

9.35E .. l7 :?..SSE-OS :..98E..JS 
LS9E-1JS l.3<JE .. JS 

0.0016 0.06i •1069 11015 
LOS ~-08 
0.::7 0"'--~ 

6.7-IE-Ol 6.:'iFJ4 
Ui7E-06 l.6i'E-<J6 

l.02E-Q7 i.i3E-Oi 8.i5E..;J7 
UlZE-07 l.09E-OS 1.10£ .. )5 
L:9E-<J5 t:9E..;JS 
l.99E-06 L99E-06 
l.02E..Ji L02E-4li 
L:36E..J7 1.36E .. j7 

5ource: F!illlklin .-\.isooates. Ltd. 
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Mexico 
Fuel Toal 

Emissions Emissions 

5.llE...Ji illE-07 
0.1)096 0.0096 

0-42 OS 
0.035 6.i)3 
0.11 O.~i 

0.19 Q.ZS 
0.002: 0.00~ 

0.001: 0.001: 
0.13 0.15 
0.16 0.16 

0.040 0.0.W 
0.020 0.020 

2-:7~E-04 2-7SE-04 
9.06E-V7 9.06E-1J'i 
1.33£-05 L33E-.'.l5 



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 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 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 ccw1try. 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 i-l 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 i:ommercial fuel source in most 
industrial countries. Therefore, the energy of material resource for this system is 
reported as zer0. 

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 g~s 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 co~es from natural 
gas and about 49 percent comes from petroleum. 

3-9 



Vol 
I ...... 

0 

P.-pcr Cement S6'l'ks 

Unilcll SI.tics 

Mexico 

T6'l>lc 3-5 

ENlmGY IU:QUllU!Ml!NTS fOlt MANu1:AcTu1rn 011 100,000 MUl.TH.AYIHU!I> UNULtiAClllll> 
SliMl·KltAFI' 1•A1•mt CliMl!NT SACKS 

ProccSli lincrgy 
Pcr~~ml 

q of Tulctl 

396 9(1% 

793 86% 

Tr6'iu1pu11,11lon ll11c1·gy 
Pcffcnt 

CJ of '1'111.11 

45.9 111% 

13() 14% 

Energy of Malcd,\I ltc111ourcc 
Pcn·cnt 

q ofTu1i1l 

Total Energy 
P1m:l!nl 

GJ of Tolul 

442 HXI% 

923 100% 

Total Energy 1,189 87')(, 176 13% l,365 100% 

S.um'c: Pr.lnt..lin Assud.llcs, I.Id. 
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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 sohd waste 
weight and about six percent of the total solid waste volume. Abo11t 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 percflnt of the total solid waste 
weight :md 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-Sb, 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" are2 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 waterborne emissions in Mexico are released 
during the production of unbleached semi-kraft paper used to manufacture the 
cement sacks. 

c:ay-Coated Paperboard Folding Carton Cereal Boxes 

Manufacturing Energy Requirements. Table 3-9 presents the energy 
requirements for the manufacture of 100,000 day-coated paperboard cereal 
boxes. The energy usage is categorized by country. 
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~ P.iper Cement S•cks _. 
v.> 

Uniled St•leli 

Mexico 

Tot•I Solid Wta!ile 

T.ault! 3.7 

SOLID WASTE UY WIHGH'f AND VOLUME FOU MANUflACTUUti OJ' 'J00,000 
MULTI-LA YEIU!O UNULEACllED SEMl-KUAFT PA PEit Cl.\MENT SACKS 

Prucesli Wa!ile 
kg cubic meter 

Fuel W.a111te Pu11tconsumer Wa11te 
kg cubk meter kg l't1bic lllt!ler 

570 0.71 1,611 O.H-1 

2,844 3.55 1,073 1.3·1 28,500 M.9 

3,414 4.26 2,684 2.18 28,500 64.9 

Sour .. '\!: Pr.mklin Assud.1h:s, I.Iii. 

Tot•I Solid W;aste 

k~ cubic meter 

2,181 1.55 

32,417 69.8 

34,598 71.4 



SUMMARY OF ATMOSPHERIC EMISSIONS FOR 
'.\.fL '1.11-L.\ YERED UNBLEACHED SEMI-KRAFT PAPER. CEMENT SACKS 

CEmissions per 100,000 items) 

Atmophenc Emissions (~) 
Parti.:ulates 
'.'111~0xicies 
Hydrocarbons 
Sulfur Oxi<!es 
C.irbon Monoxide 
Aldeh.ydes 
Met:hane 
Other Orgarucs 
l<.!rosene 
Ammonia 
Lead 

Fossil Carbon DioXIde 
'.\ion-Fossil C.irbon Dioxide 
Hydrogen Ctlonde 
.\.lercury 
Chlorine 
Odorous Sulfur 

Chroltllum Compounds 
Mang3Jlese Compounds 
'.\iickel C\Jmpounds 
Antimony 
.\rseruc 
Beryllium 
Cadmium 
(..,bait 
3elenium 
5ulfunc Acid 
'.\i'a202 
K02 
v:os 

Source: Franklin Assoc:aces. L:d. 

Process 
Emissions 

::-.s2 
'i.:-:.E 41 

OA8 
::16 

0.0010 

~.09£-<J.l 

')0013 

77.5 

4.?9E..JS 
0.0046 

0.56 

United S~tes 
Fuel ToQI 

Emissions Emissions 

.u.o 51.5 
90.l 90.I 
:0.5 51.0 
96.Z ~8A 

187 lSi 
10.3 10.8 
O.i: ili.Z 
13.: ·-., .,., __ 

0.001-1 0.001-l 
0.0063 o.uos; 
0.0025 0.l.1025 
15.~1 !5.-081 
19.502 !9.580 

1.37E~ l.SiE-.)4 
l.l5E-Ol 1.03E-.J4 

0.00"'6 
·156 

0.0063 0.0063 
0.010 O.OlC 

:J.0069 0.0069 

0.0031 O.C031 
J.65E-1H J.65E-J4 

.:.16E-1J-: !.!6E-.J4 
::L31E-05 i.31E .. JS 
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Process 
Emissions 

i.96 

513 

~exico 

Fuel 
Emissions 

52.9 
:n 
j89 
-(--::..J.> 

171 
z.:s 
1l:9 
5-1.0 

0.0019 
1).049 
o.oz.-

;'"0,933 

0.0014 
0.0025 

0.35 

0.034 
0.047 
J.:: 

00045 
0.021 

0.0020 
·1018 
.J.013 

0.0049 
32.6 

0.0016 
0.0016 
0.0016 

ToQI 

Emissions 

t.io.9 

!11 
389 
S33 
li! 
.:.:s 
11.79 
501 

0.0019 
O.Q.t9 
O.O:?i' 

:-0,933 

0.0014 
0.0025 

0.35 

0.03-l 
0.047 
1).:: 

:J.~ 

0.0:1 
'1.00:0 

1}.018 
1).013 

11.0049 
_,, . 
-'"-0 

0.0016 
0.0016 
·J.0016 



Wate!'bom~ Emissions (kg) 
Aad 
Metal [on 

Dissolved Solids 
Suspended Solids 
SOD 
COD 
Phenol 
5uifides 
Oil 
Sulfuric Acid 
Iron 
Ammorua 
C'lromium 

Lead 
Zinc 
C:ta.nide 
Alkaliruty 
'.'J'idcel 
.Mercury 
Phosphates 
:'liitrogen 
Pesticides 

SUMMARY OF WATERBOR...'iE EMISSIONS FOR 
'.\fUI.11-UYERED UNBLEACHED SEMI-KRAFT PAPER CEMENT SACKS 

<Emissions FU 100.000 items) 

Process 
Emissions 

Q.58 
:?3..t 
!3.-1 
13.;" 

I.'JOE1 'J6 
U3E .. J5 

J.0033 

iI:E-08 
7 lSE-08 
:...eBE--05 
3.3-lf ... )6 

7.:5E..J8 
l.31E .. J7 

J.039 
·lll 

-l.ii2E..U 

United Stam 
Fuel ToQI 

Emissions Emissions 

L3i"E-ll6 J.:-5 
0.029 ll.l.129 

16.;' r:-.3 
0.015 :1.i 
O.Oli !5.-l 
0.080 :3.3 

9 "3E..J5 9cj2f .. )5 
! . .33£.;)5 

o . .:-l o.:~ 

o.91 a.91 
I.:'3 I.:'3 

0.0021 •J.OO:Z 
3.~E-.16 i"6E-06 
!.HE-.16 :.S!E1 16 
3.5/E--OS 3.:3E--OS 

:...SE.JS 
3.~E ... 16 
:-.~5E .. J8 
:..31E.;J7 

J.039 
IJ.! l 

4.o:E .. J4 

Process 
Emissions 

56.6 
!69 
:o . .-
-16.9 

!.SO 

Mexico 
Fuel 

Emissions 

!.06E.\JS 
Q..:O 
3_;-3 
a.:1 
., ~-
~I 

3.94 
J.04--l 
O.OZ4 

2.:)9 
3.39 
0.35 
0 . .-1 

110057 
U7E~J5 

:.74E~ 

5ource: Franklin A.ssocates. Ltd. 
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To~ 

Emissions 

!.J6f .. )5 
rJ . .::O 
fr3 
170 

:1..3 
51).j 

J.04-I 
J.024 
5.::9 
3.39 
0.35 
0.-U 

ll.OOSi 
;_3;::..1s 
:.:-.-E~ 



(,...) 
I -°' h1Ming C.arlnn Cereal UuJ( 

Unih!•I Slilleli 

Mcll>ko 

Tolill Energy 

Table 3-9 

ENEHGY IU!QUllU:Mt!NTS H>ll MANUl;ACTUHE OF 'J00,000 Cl.AY-COATEll 
PAl'l:HUOAIU> CL:IU!Al. UOXl!S 

l'ru,·c1111 l!!•_c_•r..,H..,Y __ _ 
Percent 

CJ of Tut.ll 

64.2 Y2'Y., 

13Y Yb'Y., 

21>-I Y5"t 

Tr.an11porl.1liu11 l!m:t'KY 
Ptm.:cnt 

q ufTul.11 

5 84 H'Y.. 

S.47 4·y .. 

I I.JI 5% 

l.:1u:rsr of M"lu1 i•I Hc111cnirce 
Pcn:cnl 

( ;1 11f '1'111.11 

Su111·,·,. 1:1 .. m&..lin As:>u..-i.11cs. I.hi. 

Tul•I l!ncr15y 
Percent 

CJ uf Tut.ii 

711.1 J(Hl% 

H5 11111% 

215 100% 



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 acconnts 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 day-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 day-coated paperboard 
production in Mexico. 

Natural gas represents the largest energy source for day-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 day-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. 

PostLonsumer 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. 

3-17 
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I -'° 

Table 3-11 

SOI.JU WAS'J'li U¥ WlilGJIT ANU VOLUMli Hm MANUl:ACTUlrn (.)II IUU,UOU 
CLA ¥-COATl!I> l'Al'lHtUOAllD Cl!IU:AL UOXl.lS 

Pruc.:1111 Wi111le 1:uc1 WHh.! Po1ilcom1u111er Wi111le1 
l..g cubic meter kg cul.ill' meter kg cubic mct~r 

Cl.iy-CoateJ Paperboard Cerul Uoxe1> 

United States 319 0.40 25:\ 0.17 

Mexico l.J76 1.22 I0.8 ll.013 6,960 14.3 

Tot.ii Solid W.i1tle 1,295 l.62 26-t 0.19 6,Y60 14.3 

Soun't:': Frcutklin Assod.1tcs, I .ht. 

Total SoUJ Walile 
kg nabic meter 

572 0.57 

7,'146 15.6 

8,519 16. I 



Aanospheric Emissions (kg) 
Particulates 
'.liitrogen Oxides 
Hvdrocarbons 
Sulfur Oxides 
Carbon ~lonoxide 
Aldehydes 
Methane 
Other Organics 
~ne 

Ammorua 
L?ad 
Fosstl Clrbon Dioxide 
'.lion-Fosstl Carbon Dioxide 
Hydrogen Chloride 
Memuy 
Chlonne 
Odorous Sulfur 
Chromium Compounds 
Manganese Compounds 
'.\;ickei CJmpounds 
. .\ntimony 
Arsenic 
Beryllium 
Cldmiwn 
Cobalt 
Seleruum 
Sulfunc Add 
'.'-ia202 
K02 
v:os 
!sopropyl Acetare 

Source: Franklin Assoeiates, L:d. 

T~lel-121 

SUMMARY Of ATMOSPHERIC EMISSIONS FOR 
CLAY-COATED PAPERBOARD CEREAL BOXES 

<Emissions per 100,000 items) 

United Sbtes 
Process Fuel Total Precess 

Emissii>ru Emissions Emissi•ms Emissions 

1.08 6.93 3.01 
O.U63 13.3 13.6 
0.083 3.13 3.21 

0..38 l-t3 13 . .! 
"'O -
---~ :9.3 

l.7-lE--04 1.74 l.74 
0.020 0.020 

5.-t.""E-<J8 l.51 l.31 
l.99E..J4 l.99E-04 

3.:-:E-05 3.6-lE.J.l 9.51E-V4 
3.90E-J.I 3.90E-04 

l...366 !366 
13..l 3.198 3.212 

2.35E-US :W3E-OS 
7S1E-1)6 l.7SE-05 :.56E-OS 
4.50E-'J6 U6E-IJ6 

Oll97 0.097 
9.i3E.J.l 9.i3E .. J4 

0.0016 0.0016 
IJ.0011 0.001! 

5.lSE...J7 5.l5E-il7 
U6E.J.l U6E-04 
;.03E-05 5.63E-05 
3.:SE--06 ; :SE .. J6 
3.36E-<15 3.36E.;JS 
I . .!9E .. 15 l.:9£ .. )5 

7.60 
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Mexico 
Fuel Total 

Emissions Emissions 

1.31 1.31 
14.i 14.7 
104 104 
-t9.4 49.-t 
796 7.96 

0.1)89 0.089 
0.18 0.18 
l.76 Li6 

l.31E-05 1.SlE-05 
9.:iOE-04 9.60E-04 
3.70E-i)4 3.70E-04 

13.783 13.7i33 

2.33E-05 2.83E-OS 
2.3iE-OS 2.37E-OS 

0.0036 0.0036 

H3E-04 HJE-04 
4.56E..J4 4.56£-04 

G.0023 0.0023 
4.ci9E-<J5 -l.69E-OS 
:.06E-04 :.06E-04 
l.96E-05 l.96E-1JS 
1.9QE .. 14 l.90E-04 
!.33E-<J4 L33E..;J4 
5.09E-05 5.09E-05 

0.-18 0.-18 
2.43E-04 1..l3E-<:l4 
1.43E-04 2.4.3E-04 
2.43£ .. )4 2.43E-04 

7.60 



Waterborne E.au.ssions rltg) 
.-\.:.d 
Metal Ion 
Uissoived Solids 
Susoended Solids 
SOD 
COD 
i?henol 
Sulfides 
Oil 
Sulfuric Acid 
fron 
Ammonia 
Ctromium 
Lead 
Zinc 
C·1artide 
.\lkalirJty 
.\.lurmnum 
'.\iickei 
Mercury 
?hosp hates 
5uifares 

:iource: Franklin . .\ssooares, L:d. 

T.able3-12b 

SUMMARY OF WATERBORNE EMISSIONS FOR 
CLAY-COATED PAPERBOARD CEREAL BOXES 

(Emissions per 100.000 item.,) 

Process 
Emissions 

0.13 

0.097 
:.Sl 
I..;t; 

iAO 

3.:9E.;J7 
:.!7E4)6 
5.3UE-04 

0.0016 

l.l;'E .. )8 

l.l/E-08 
i.:9E.J6 
.,.o4E...J7 

l.17E-VS 
:.~3E..;J8 

3.-Wf .. ).l 

United Sbtes 
Fuel Tot.al Process 

Emissions Emissions Emissions 

l.38E-W :J.l3 
0.0040 0.t)().l() 

2..:9 ~8 !iO 
0.0021 !..31 LOB 
0.0023 1A6 32.:"' 
0.011 !Al :i.: 

L.!9E--05 l.J:f-.)5 
:.17E~J6 ii.!: 

0.034 0.035 !.04 
1.()7 1.07 
0., ... 

·'"-' 0.:7 
3.02E-04 3.02E-J4 
7.-l6E-V7 7.-l6E-J7 
3.32E-Oi 3.-HE-Q7 
-t37E..;J6 i.88E-iJ6 

·C9E-iJ6 
6.04E .. J7 

o--·-' 
l.17E-i)8 
:.13E~J8 

5.-HE..;)4 

34.l 

3-21 

Mexico 
Fuel 

Emissions 

:.!l8E..J/ 
0.0039 

0.1:-
a.u1~ 

O.Q.17 
•J.078 

3.:-;'E~J-t 

·C3E~ 

0.13 
iJ.032 

0.0082 
0.0080 

!.l3E..J.I 
3.ci9E .. 17 
3.·UE..;J6 

Total 
Emissions 

.:.osE .. J/ 
0.0039 , ..... -· . 

L:i9 
32..3 
-. . 
i '"-' 

3.:-;'E-~ 

IJ.!2 

1.:9 
0.032 

O.OCS2 
0.0C.'30 

l.~3E .. J-t 
3.ci9E.U7 
HlE--06 

J.:3 

.. ' .Jot •• 
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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 manufu.cturing operations and transportation of raw 
materials and finished products. 

The majority of the process waterborne emissions in Mexico are produced 
during the production of day-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 com (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 wood-derived because the corrugated 
materials examined in this analysis are produced from postconsumer recycled 
materi~l. 

Petroieum i·epresents the largest e:lergy source foe 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. Tabl~ 3-15 presents the solid waste for manufacturing 
100,000 corrugated boxes and separators for eggs. Included in thi~ table is the 
postconsumer solid waste generated from disposal of the packaging. 

3-22 
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Corrugated Box 

United States 

Mexico 

To~l Energy 

Corrugated Separator 

United Stateti 

Mexico 

Total Energy 

P;ackiage T.,tu 

United States 

Mexico 

Total Energy 

T.ible 3-13 

ENERGY REQUIREMENTS FOR MANUFAL.11..IH.E OF 100,000 CORRUGATED BOXES 
AND SEPARATORS FOR EGGS 

Process Ener1n'. Transeortation Ene!Bl'. Ener1n'. of Material ltesour~ 
Percent Percent Percent 

GJ ot Total GJ otTotaJ GJ ot Total 

10.0 25% 29..t 75% 

1.003 77o/u 292 23% 

1.013 76% 322 24'X, 

1.69 26% 4.87 74% 

179 78% 51.i> 22% 

181 76% 56.5 24% 

11.7 25% 3".3 75% 

1,182 77o/u 344 23% 

1.194 76% 378 24% 

.. 
Source: Fran!<lin Associates. Ltd. 

Total Ene!!l 
Percent 

GJ if Total 

39.o& 100% 

1.296 100% 

1,335 100"/u 

6.56 100% 

231 100% 

237 100"/., 

46.0 100% 

1,526 100% 

1,572 100% 



'1'.1hh:l·:4 

l!Nl!IU;y l'lUWll.l!S l'l>K MANUl'ACHJIU: (W Hltl,UOU ('OlUHJt:i\Tl!l> UOXliS 

ANU Slil'AHATOKS H>lt H:Gs 
(( ;J 11c1· 100,UUO llct.1lli) 

Uuergy l'rnflh: 

No1turo1I Tul•I 
G.illi l'elrnlcum Cv.al llyJrnpuwer Nudc.ir WuuJ Ohu:r lim1rgy 

Corrug•leJ 0011 

UuiteJ Sl•lelli 1.-lli ]1.2 -I"° 0.22 11'1 11.15 3!.1.4 

11.·tc,.ko 2·19 1176 55 5 47.t. :WH .16.J l,2!.16 

I Tut•l 251 \>clli 60. l -17.11 32.6 36.2 l,335 

w Currug•teJ Sep•nlur 

I I 
N 
~ 

United St•le:it 11.25 5.211 11.76 OIU6 1121i 11.1124 6.55 

156 ti 50 5 51 6.44 231 Me,.ku ·HJ !.I.!) 

§ 
Tut•I 4-1.5 161 W 'l H.5-1 5.7!> 6 47 237 

l'•~&.•1e Tut.al 

UnileJ St.Ales I 7'l :\I> -I s :lh 0 26 2.IMI 1117 4611 

Me,.ku 2\.1-1 1,1132 65.5 56.l Jo-I 42.5 l,526 

Tut•l 2\.15 l,ll6!> 711.11 56.4 :\li.3 42.7 1,572 

Som~·.:; i:r.1111..!in A:;:....:i.1tcs, I .t.t. 
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T .able J-15 

SOLIU WASTE UY Wl!IGllT AND VOl.lJMli 110lt MANUl1ACTUllti OI; 100,000 
COlUWGATl!I> UOXl!S ANI> Sl!l'AltATOltS H>H EGGS 

Process Waste Fuel Wa11te 1'011tcon11unu:r W;a111e 
kg cuLk mclcr kg cuhk meter l..g cubk meter 

Currug.ateJ Duxes .anJ S~p.ualors 

United Stales 47.b O.tlSlJ 80.5 0.00o5 

Mcll.ko 5,476 6.84 2,185 2.72 b5,HIH 148 

Total Solid Waste 5,524 6.lJO 2,266 2.73 65,818 148 

SuuR-c: Pr.ml.Jin Assodctlcs, I .ht. 

Tolal Solid Wa111e 
kg cubic meter 

128 0.066 

73,479 157 

73,608 158 

I 
I 
6 
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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 ~q 
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 waterborne 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 combustion of fuels to 
produce energy for manufacturing operations and transportation of raw 
materials and finished products. 

Process particulate emissions in Mexico result mainly from box converting 
operatic.'ls. The remaining process atmospheric emissions are mainly from 
starch adhesive production. 

A large po:tion 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 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 lar,dfill equipment to dispose of postconsumer solid waste from the 
bleached semi-kraft paper flour sacks, unbleached semi-kraft paper cement 
sacks, day-coated paperboard cereal boxes and corrugated boxes ar.d separators 
are presented in Tables 3-18, 3-19, 3-20 and 3-21, respectively. 
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AII!losphenc Eausswns lk§J 
!'.uncuiares 
'.'litn>gm O:c1des 
Hydroactions 
:5uifur 0-.Udes 
Carbon ~onoXJde 
. .\ldehydes 
Methane 

Other~cs 
:Cotrosene 
Ammorua 
!:..tad 
fossil Cirbc.n Dioxide 
Hydro~ CUonde 
:Vfarcury 
Chionne 
Cuomium C;m 1pow1ds 
Man?Jlese C.Jn•pounds 
:-iickel CJmpounds 
Antimon~· 

.J..rseruc 
3eryUium 
CJdm1um 
C.Jbalt 
Se!emwn 
SulfuncAad 
7'1a202 
1<02 
v:os 

Source: Franiclin Assocates. Ltd. 

SUMMAR.Y OF ATMOSPHERIC EMISSIONS FOR 
CORRUGATED BOXES AND SEPARATORS FOR EGGS 

!Emissions per 100.000 itansl 

United States 
i"rocas Fuel Tow Process 

Emissions Emissions Emissions Emissions 

3.94 4.89 3.83 105 
5-.o :s.o 

tl.04i i:.1 121 0.18 
9.31 9.51 0.011 
t9.0 ~9.1) 

0.57 :J.57 3.SZE--04 
0.0092 ll.0092 

0.0094 S..:9 3.JO 
l.98E--04 l.98E-J4 

0.04i 0.003i '-1.051 L9IE..;J.l 
LS3E-J4 LS3E..J4 

3.138 3.138 
UOE--04 l.i.OE-U 
9.3-IE-il6 9..34£ .. )6 9.15£ .. )6 

5.35C--06 
4.37E-14 4.3/E-0.; 
700£-14 :-ooe ... ~ 
o.lJE-14 6.13E..J4 

!.:OE--04 !10E-O.; 
2.33E.IJS 2.33E-J5 

!JSE-05 !.3SE. .. J5 
~.llIE-1l6 9.lltE .. J6 
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Mexico 
Fud Tow 

Emissions Emissions 

l2S 230 
-51 ~l 
504 5C-l 

1.031 l.031 
399 399 
5.39 5.39 
l.00 LOO 
131 l.:n 

0.0034 0.0034 
iJ.11 o.a 

0.1)56 0.0:6 
109.393 109..393 
0.0032 0.0032 
0.0052 0.0032 

O.:"! o.~ 

0.071 0.011 
0.096 0.096 
0.46 u.~ 

J.0094 0.0094 
0.00 1).0-0 

'J.00.U 0.0041 
'.J.038 0.038 
0.027 0.027 
0.010 0.010 
68.3 ?a. 

-~ 

0.0029 0.00:9 
•).0029 0.0029 
0.0029 O.OOZ9 



Waterborne ;mlSStons 1~ 
. .\ad 
~(etll Ion 

~tSsolved Solids 
5uspended Solids 
300 
COD 
?!\enol 
5uitides 
Oil 
5u!fw~c . .\cd 
ilon 
..\mmorua 
C"\romium 
:.c?ad 
Zinc 
'.'iicicel 
\lercury 
?!\osphates 
•,;itro~n 

?~sncdes 

Rla.uN ASSCX..1ATES. LID 

Table.3-16b 

StJMMAllY OF WATERBORNE EMISSIONS FOR 
CORRCGATED BOXES AND SEPARATORS FOR EGGS 

(Emissions per 100,000 itemsl 

Process 
Emissions 

·J.0023 
0.011 

110023 

0.0028 

0.64 
:.:-8 

0.1J35 

United States 
C:ud 

Emissions 

3.09E-07 
•J.Oli' 
9.74 

0.0091 
11010 
tl.047 

5.55E .. )5 

0.12 
IJ..!i 

:J.12 
0.0013 

3.:?E-<J6 
lAJE-<16 
:. :OE..\JS 

Tow 
Emissions 

::!.09E-tl7 
1).0li 

9.:-.. 
9.38 

1).0C 
•J.058 

535E .. J5 

0.12 
0A7 
0.12 

0.0041 
3.21::..:l6 
:.-tJE•J6 
2.lOE.JS 

0.6-l 
:.:-s 

0.035 

Process 
Emissicns 

085 
:-:-1 
~7 

::1. 

7.19E-Q7 
2.55£-<)6 

29;-

9..39E-IJ6 
l.-tSE-116 
l.Ji'E--08 
l.Ji'E .. )8 
l..3i'E 08 
2.SOE--08 

3ource: Franklin . .\.ssocates. L:d. 
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Mexico 
Fuel Tow 

Emissions Emissions 

:.J8E-US :.JSE .. JS 
0.-15 J.-t.5 
19.S 7'05 
Lol .,~ 

5 . .35 :62 
S.88 506 
0.10 o.:o 

J.054 0.054 
5.0i 35.-t 
li.91 6.91 
t.:--l I.:--l 
0.92 0.92 

0.013 0.013 
-t.:::E .. >S 4 . .:1E.J5 
o.l9E-04 6.19E .. J-t 

l.Ji'E.;J8 
'.!..50E.,JB 



Table 3-17 

ENERGY REQUIRareNTS FOR DISPOSAL OF P . .\PER PACKAGING 
(gigajoules for units disposed per 100,000 items) 

Packer Ltndfill Total 
Truck Equipment Disposal 
Energy Energy Energy 

Bleached Semi-Kraft Paper Flour Sac.'<.s 0.18 0.10 0.28 

Unbleached Semi-Kraft Paper Ctml.ent Sac.~ 3.34 "l .,~ __ ...;..) 6.07 

Clay-Coated Paperboard Cereal Box O.iS 0.-!9 l.3-l 

Corr.igated :::gg Containers 
Corrugated Box 7 . ..Q .uo ,, -

1 ... , 

Corru¥ted Separator 1.35 J.;-s "l • 1 

--~.J 

Package Total 377 s.og 13.9 

Source: Franklin Associates, Ud. 
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Table3-1S 

SUMMARY OF FUR-RELATED ENVIRONMENTAL EMISSIONS FOR 
DISPOSAL OF BLEACHED S'EMI-KRAFI' PA.PER FLOUR SACKS 

!Emissions foe units disposed per 100.000 imnsl 

Landfill Tota.I 
Pzc:ker Truck Equiponent Disposal 

Emissions Emissions Emissions 
.-\tmosphenc !:missions fkg} 

PJrnculateS 0.017 0.010 1).()27 

Nitrogen O:udes •).:J tll3 u-~ 
Hydrocarbons tl058 0.034 o.m 
Sulfur Qrjdes :J.054 0.031 J.!)85 
Carbon :\.tonoXIde 11073 0.00 -lll 
.-\ldehvdes J.0035 0.0020 •10055 
:\.{ethane :.50E-.JS l.-ISE-1l5 3.95E-JS 
Other Orgarucs 3 . .:roE .. J7 2.21E-1)7 o.utE-.17 
!<ero~e l.:3E .. J8 :".16£-1)9 L95E-tl8 
c\mmorua i.!l9E-<JS i..lOE-JS :.99E-J5 
L.=:id l.2:-E~l6 :".37E .. J7 :.:JIE-l6 
i=o:;sil C.irbon Dioxide !3.l 7.62 :o.;-
!-iydrogen Chlonde 5.57E .. J7 3.1-lE-1)7 :3.3!E.,J7 
MerC".Jrv U4E-J8 :..WE-OS o.55E-JS 
Chlorine 9.:llE.J6 .i69E-tl6 L.:5E-l5 
Chromium Compounds H5E-Oi 2.0Qf.,17 H5E .. l7 
'.\.langanese Clmpounds 3.82E-Ji 2.ZZE-07 "-~E-W 
:'l.licke! C.lmpounds 3.:"8E .. J6 :.:oE .. J6 .5.,iSE-l6 
. ..\nrunony 3.i5E-iJ8 -l.;"JE .. JS L:9E-·J7 
.-\rseruc 2.35E.U7 L.36E .. r, 3.;'l!:-J7 
Bervllium l.%E-<J8 1.14£;)8 3.Q9f .. )8 
C.1dnuum .2.9tf .. )i !.69E .. J7 ~.OCE .. Ji 
C.:ibait 2.JOE .. Ji L.34E-07 3 e>tE-J7 
Seleruwn i:3SE-•l8 HlE-18 l . .;Qf .. Ji 
5uifunc . ..\c:d .;.:.3E-•J-l 3..5oE-'l4 ~.;-oE .. J.l 
:'l!aZ02 3.:-5E-1Ji .2.!8E .. J7 B3E .. 17 
!<02 3.i"SE .. Ji 2.!8E .. J7 ;.,i3f .. Ji 
v:os 3.:"5E-1J7 :.1aE..Ji 3.93E .. Ji 

Solid Wa~te •kgJ 0.021 1).013 ().OJ.l 
Solid Waste 1cu mJ 2.71JE-IJS !.37E .. JS -l.:.c .. JS 

Waterborne Er.uss1ons 1:<1~) 
. ..\Cid .,.01e .. 19 •.JlE-'l9 l.ll6E-18 
!\lletal !on l.2-lE .. 14 :".53E-•l5 :.ooE .. 14 
Dissolved Soiids 0.0054 0.0033 J.0087 
5uspended Solids H7"E .. J4 2 :'1£.,)4 7. :aE .. J4 
300 :J.0013 ~.()()£4)4 1J.ll02-l 
COD 0.0025 il.0015 ·10040 
:'henol !.:"9E .. J5 l.o9E .. l5 ·Ui'!:>JS 
Suifide' L5!E-.l5 :i.14£.,)6 ;.-t:E·•JS 
Oil IJ.0015 9.!SE·tl4 •1002-l 
:iulfunc ...\(1d l54E .. 15 :.!4E-•l5 5.oilE .. JS 
!ran l.i3E-1JS 6.83E-IJ6 Ulf.,J.: 
Ammorua :!.55E .. J4 :.35E-04 -l.!QE .. J4 
Chromium 3.bOE-06 !.lSE-06 ;.:"RE-116 
Lead !.liE .. JS :':OE-09 l.:!RE-<l8 
Zinc l.:":E-il7 104E·•l7 :.:''1E ... Ji 

Source: !=r;inldin .\s•1><:1ares. '...td. 
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T.ablel-19 

SUMMARY OF FUEL·REU. TED ENVIRONMENTAL EMISSIONS FOR 
DISPOSAL OF UNDtEACHED SEMI-KRMT PA.PEll CEMENT SACXS 

!Emissions for units disposed per ~00.000 items) 

lmdfill Total 
PKbrTruck Equipment Disposal 

Emissions Emissions Emissions 
Atmospheric Emissions(~) 

Particula~ J.36 0.21 0.58 
:'.'ii~Oxides ·l.33 2.81 :".66 
Hydroori>ons 1.:4 0.:-Z l.96 
Sulfur Oxides l.!5 0.67 1.31 
Cuban Monoxide 1..55 0.90 ZAS 
:\ldehydes O.Oi3 0.043 :)l") 

-~ 
'.\.lett-.ane 5.3-1£-04 3.IOE-04 HJE--04 
Other Organics S.I:E-06 -t:"2E.Q6 L1SE--OS 
!<~ 2.0JE .. r, l.53E.Oi U6E..J7 
.~nu -l.~-;}.l :?.J.4E-04 6.J8E-04 
lead Z.:"IE .. JS 1.57E..j)5 4.:SE-<JS 
Fossil Carbon Dio:ude :,.II() 163 +l3 
Hydrogen Chloride U9E-V5 6.91E..j.J6 USE-05 
~emuv H4E .. Ji 5.l4E--07 l.-iOE-<J6 
Chlor.ne 2.09E..Q.l l.12E--O-I 3.31E-J4 
Chrorruwn C.Jmpounds :".J6E-06 -t28E--06 l.16E..JS 
Manganese Compounds 8.17E-IJ6 U4E-06 l.19E-05 
'.'lriclcel Compounds S.USE--05 -l.69E.OS l.:SE.;J4 
.~nmony 1.7-lE .. 16 l.01E-<.l6 :.:-SE-J6 
-~C 5.02f .. J6 .!.91E-tl6 793E-J6 
Beryllium U8E...J7 !."'3E-Oi 6.olE.Ji 
Cldm1um ?-21£.;)6 3.61E-06 9.S3E-.J6 
Clloait -4_92£.,)6 :.S6E-06 ;-_;-a£.,J6 
5eieruum U9E..J6 l.!OE..J6 2.99E-<l6 
SulfuncAad 0.013 0.0076 0.021 
:-.laZ02 8.02f-<)6 t66E-06 1.::-E..JS 
i<02 3.02f.,)6 -t66E-06 1.2:-E-.JS v:os 3.02E-J6 -l.66E-06 l.27E-OS 

5olid Waste 1kg) 0.46 0.27 0.73 
Solid Waste (cu ml 5.;';"E-04 3.JSE-04 9.13E·•J4 

Waterborne Emissions ck~) 
Ac:d o.01E .. J9 4.01E.iJ9 l.06E··l8 
~leraJ !on 124£-.).l 7.53E--05 2.00E-'M 
Dissolved Solids 110054 ll.0033 1).0087 
Suspended Solids u;"E .. 14 2.71E·04 7.l8E-04 
BOD 0.0013 9.0QE .. 14 0.0024 
COD 0.0025 0.0015 o.row 
!'henol 2.7'9E .. J5 l.69E-<JS -t47E·IJS 
Sulfides 1.31£ .. JS 9.14E-;16 2.-UE·OS 
Oil 0.0015 9.lSE--04 0.0024 
Sulfunc.-l.od 3.3-IE-4JS 2.14.E-IJS ;.68E·OS 
!ron l.13E·OS 6.8JE-06 l.81E-OS 
Ammonia 2..35E--04 l.SSE--04 -tlOE--04 
Chroauwn 3.60E..j)6 :?.18.E-06 3.78E-<l6 
Lead 1.17E·J8 7.IOE-<l? L.:!8E .. J8 
Zinr. l.:-2E.,J7 l.04.E-.17 2.71iE .. J7 

'5ource: Franklin A.sSOClates, :.id. 
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T~le3-:ZO 

SUMMARY Of FUEL-REU.TED ENVlRONME..VTAL EMISSIONS FOR 
DISPOSAL OF CLAY-COATED PAPER.BOARD CEREAL BOXES 

!Emissions for unib disposed pu 100.000 items) 

Ulldfill Total 
Packe!' Truck Equipment DispoHl 

Emissions EmissiOM Emissions 
Atmosphenc Emissions I ~J 

?arncuLues 1lll8l 0.Q.17 0.13 
'-ii~Oxides c.Oi 0.02 l.o~ 

:ivdrocarbons :]_:j O.lt> 0.-t.3 
5uifur Oxtdes t) ·-. ....::i O.!S HO 
C.ui>on :\.tono:ude J~ o.:o 05l 
.\ldehvdes 0.01:- J.0096 ·10::'.6 
\.ledwle l.lSE-l-l .,.5-lE-05 l.50E-l-l 
OtherO~cs l.30E-J6 !.O-lE4J6 :!.$-IE-J6 
Kerosene 5.33E-J8 3-37E-<l8 9:0E.J8 
. .\mmorua i94E-l5 i~;'"E-US l.ilE..J.l 
:...e1d o.OOE-J6 3.-l7E-D6 9i~-;J6 

?"osstl C.ubon Dioxide .;:.:J 35.9 ~79 

:-!yciro~~ Chlonde :.O-lf-j6 l.53E-l6 U6E..,J6 
\.le:-curv U6c-J7 !.l3E .. J7 3.U9E-J7 
C-Uonne -t.0-lE-JS :.oaE .. JS :"3:.E..JS 
C.'vonuum Compounds !.63f ... )6 ·HJE-07 ::3/E-Ob 
'.\.fanganese Com1Jounds l.31E-16 l.OSE-1J6 :!.S5E-J6 
:'-iickel C:impounds l.;t?E-JS !.tJ3E4JS ::'..:i:£-1JS 
. .\nrunony 3.S3E-1:" ~E-07 ?.ilaE-17 
. .\rseruc !.! !E-J6 '5.-l3E-Oi i.::E-;6 
3eryllium J.:SE-JS 5 . .36E ... J8 l.i6E-J7 
Cidmium L:i8E-J6 :-.97E ... J7 ::.::-E-)6 
C.:ibalt LJ9E··l6 6.JIE-07 l.:-:E-J6 
;eieruum ~.:sE-J7 :.~2E-1J7 o.ciJE-Ji 
Suifunc .\l.,d 110029 1).0017 •).00-16 
:--;a.:02 l.:"l!E-;6 l.:J3E...J6 :.SOE-16 
!<02 1.:-sE-l6 !.03E..J6 :.SOE-16 
v:os LilE-J6 l.03E4l6 ::.SOE-16 

Solid Waste 1k~1 u.:o IJ.059 ·l.16 
Solid 'Naste •CU m1 l . .:.SE .. J.l :" . .WE--05 ;.0:£-.).l 

Waterborne Em1Ss1ons <~ 
Acid -i.olE-J9 ~.tJlE-'J9 l.ll6E ... J8 
~fetal ran l..~-IE~w 7.53E-1)5 ;.OOE-).1 
Dissolved S<Jlids O.t.105-9 •10033 !)0087 
5uspended 5.:ilid~ .uJE ... :1-l :.71E-04 :".lSE ... ).I 
300 l.0015 ~llOE-il4 0.002-l 
COD 1).00::'.5 IJ.0015 O.QO.!O 
Phenol :.:"9E-0J5 !.:i9E·•l5 H7"S··i5 
5ulfides l.51E~l5 -l.!4E-<J6 ~-~~~-t)5 
Oil 1).0015 ~.:SE-•W IJ.0024 
:5uifunc .\Cid J.5-lE ... JS :.1-1E-1JS 3.o8E··l5 
!ron l.1JE ... J3 ?.BJE-06 l.d1E-J5 
Ammorua :.53E-1J.l l.33E-04 4.!0E-14 
Cuom1um JOQE ... J6 .:..ISE-<lo 3.:"BE..J6 
L~ad l.liE-18 ':.lOE-09 U8E ... J8 
Zinc l.:":E..,J7 l.04E-.J7 Z.7/iE ... 17 

3ource: Franklin . .\s~c:ates. L:d. 
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SUMMARY OF FUEL-RELATED EN'llRONMENTAL EMISSIONS FOR 
DISPOSAL OF CORRUGATED BOXES AND SEPARATORS FOR ECCS 

!Emissions for units disposed pu 100.000 items) 

lmdfill Total 
PadtuTruck Equipment DispoW 

Emissions Emissions Emissions 
Atmospheric Emisstons (kg) 

!'articulates 0.83 0.-18 l.31 
.'iittogen OXIdes 11.l 6.41 ·--41~ Hvdroc::ubons :.33 l.Q.l ·t.16 
Sulfur Oxides :.02 1.52 4.13 
Cuban ~onoxide L~ z..as 5..59 
Aldehydes •lG" 0.099 :) , _ _, 
Methane 0.0012 7.06E-04 ll.U019 
Other Organics U5E-'l5 l.OiE-05 1.93E..JS 
Ko!rosene 6.tl1E..J7 3.48E-Oi ~.SOE-J7 
Ammonia 9~..,).l 5..3-lf-04 ll.0015 
Lo!ad 6.19E-VS 3.39E-OS 9.;"7£-VS 
Fossil Cubon Dioxide :i.39 371 ~.JIO 
Hvdrogen C-Uonde 2.7!E~JS l.38E-VS 4..Z9E·H5 
Mercury 2.02E-<l6 l.liE~ 3.19E .. J6 
C'llorine 4.7SE-V4 :.7iE...J4 7.S5E...J4 
Chromium C1Jmpounds l.OSE.JS 9.i4E...'J6 !.SSE .. J5 
'.\llanganese C.:>mpounds 1..%E--05 1.08E-05 2.94E--05 
Sickel C1Jmpounds l.ME.J.l !.07E-04 2.'}IE; .. )4 
Antimony 3.9iE.iJ6 2.30E-t16 ?~""E..Jli Arsenic Ll5E~l5 .;.64E_.l6 UIE.JS 
Beryllium 9..5-tE .. ')7 5..5;;E--07 l.31E--06 
C.tdmium 1.-UE .. )5 ~-:3E-U6 2.:4£ .. )5 
C1Jbalt l.l:f.,JS ?.SlE--06 r.;-:: .. 15 
St!leruum 4.31E-IJ6 Z.SOE-06 6.dIE..;J6 
Suifunc Aad 0.030 11017 0.047 
:--la202 U3E-OS 1.06£.;JS 2.S9E .. J5 
:<02 LSJE .. JS l.06E .. ')5 :!.S9E··l5 v205 !.d3E.,JS Ul6E-05 1.S9E .. J5 

Solid Wasre tk~J 1.06 0.61 l.oi Solid Waste (cum) 0.0013 7'.6-IE--04 0.0021 

Waterborne Emw1ons <kg1 
Acid 6.olE_,J9 ·l.OlE~ l.06E.;J8 
Metal Ion l.24E .. J4 i53E-OS :.00£-1.)4 
Dissol~ed Solids 0.0054 il.0033 1l.008i 
Suspended Solids HiE-04 2.71E-IJ4 7.ISE.J4 BOD 0.0015 ?.OOE·04 0.0024 COD 0.0025 0.0015 •J.OQ.W Phenol 1.:'9E ... J5 l.o9E-05 UiE--05 Sulfides UlE .. lS 9.14f-4)6 1.Uf .. )5 Oil 0.0015 9.!SE--04 t).0024 
Sulfunc Acid 3.34E.;JS 2.14E·OS 3.c8f..,)5 !ron l.lJE .. 15 ?.l!JE.Q6 l.SlE .. lS Ammonia 2..551:-.}4 l..55E-IJ4 UOE ... J.1 Cluonuum J.OOE..J6 2.18E--06 3.i8E-06 Lead !.liE .. J8 7 IOE-IJ9 l.3SE-OS Zinc 1.i2E·1Ji l.lJ4E·07 Z.76E .. J7 

Source: Franklin Associates. Ltd. 
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Chapter4 

ENERGY AND ENVIRONMENTAt 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. 

DAT A SOURCES 

Data for the productio~ of tin-coated steel sheet in the United States were 
taken from Franklin Associates' database. 

Data for the production of three-piece steel cans were provided by 
producers in Mexico. Information supplied by 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. 

RES UL TS AND DISCl!SSION 

Manufacturing Ene:gy 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 acLvunts for about 43 percent of the total energy for the 
system; 86 percent of this energy is used in the United States. 

Transportation eriergy accounts for an additional 22 percent of the r ,I 
energy. Transportation energy is divided about equally between the Unitl ' 
States and Mexico. 
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T•blc: 4·1 

liNllHGY HllQUIRt::Ml!N1'S FOH MANUl1AC..:fUIUl OF 100,000 'flN-COA'l'lff> S'J'l!l!l. CANS 

Prul'4:!1111 llnc:rgy 
Pt!rL'elll 

q of Total 

Sled l '.a1111 

Unih!d St•tc11 7'1.5 H'Y., 

Mc1Lku 11.7 31·r .. 

'l'ot•I l!nere;y 83.J 43')(, 

SuurL·c; r:r.U\l..lin A:.SUL'l1Uc:.. I.Id. 

Tr.ana;purtalion linersr: 
Pc1·L·c11t 

t ;j uf Tut.ii 

2:i.7 H'l' .. 

:w.u 63% 

-13.7 22% 

l!nergr: uf M•h:rlill Hc:11uurce 
Pcrctml 

CJ of'l'ot.11 

68.7 -.2% 

6H.7 35"1.. 

Tutill Energy 
Pc:rc&int 

<...;J of'fo1c1I 

IM J(lO'l'u 

31.7 100% 

196 IOU% 

I 
I 
§ 
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Thirty-five percent of 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 c Jke 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 feed.stocks 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 55 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). All 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-1-3 presents the solid waste for manufacturing 100,000 
tin-coated steel cans. Included in this table is the postconsurner 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 -1-4a 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. 
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tiNliRGY l'ROfll.liS 1:0R MANUliACl'Ultti 01' 100,000 TIN·COATllU STlll!I. CANS 

CGJ per 100,000 ll<!m•) 

l!n1ir11~ l'rulilc 

i Ni\lur.il Tu11I 

G•11 l'elroleum Cu•I llydrupuw~r Nuclur Woud Oilier ti1u1rgy 

Slccl C•1tl6 

I - f-
~ 

United Sl•IH 33.2 32.1 H\>.~ 0.9K 7.l>H U.65 164 

Mclli~u 1113 22.7 11.27 11.26 0.17 U.211 31.7 a 
Tut•I ·U.3 5-&.8 H9.7 1.25 71!5 11.85 196 

Soun:~: Fr.i11l..lin A:i:i<.~iak:o. l.1,t. 
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Tin-Coilted Steel C tln 

United St.ate111 

Mexico 

Total Solid Waste 

Tttble 4-3 

SOLIU WAS'J'li UY WIHCllT AND VOl.UMI! 1~on MANUllACTUHH ()II J00,00() 
TIN-COATliU S'llil!L CANS 

Proce!l!I Wt1!1h! 

kg cul>ic meler 
Fuel Waaite Po111tcoau1umer Waste 

kg cuuk lllt:h:r l..g CUUk JlU.!ler 

13,024 16.3 289 U.36 

~J.6 0.12 11.5 0.014 1,874 5.67 

13,124 16.4 301 0.38 1,874 5.67 

Sour"-e: Franklin Assud.11es, LtJ. 

Total Solid Wa1te 
kg cul>lc meter 

13,314 16.6 

'l,985 5.81 

15,299 22.4 

I 
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Atmospheric Emissions (kg) 
Particulates 
'.\fitrogen Oxides 
Hydrocarbons 
SulfuL Oxides 
Cuban ~lonoxide 
Aldehydes 
Methane 
Other Organics 
Kom>sene 
Ammonia 
Lad 
Fossil Cirbon Dioxide 
Hydrogen C!lloride 
Mercury 
Chlorine 

Cuomium CompoWtds 
~langanese CompoWtds 
:-.iidcel Compomtds 
Zinc Comoounds 
Copper C.Jmpounds 
Antimony 
Arsenic 
Beryllium 
Cadmium 
Cobalt 
Selenium 
Sulfuric Add 
~a102 

K02 
V!OS 

Source: Franklin A:iSOciates, Ltd. 
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SUMMAllY OF ATMOSPHERIC EMISSIONS FOR 
TIN-COAlm STEEL CANS 
<Emissions per 100.000 items) 

United States 
Process Fuel Tow Process 

Emissions Emissions Emissions Emissions 

61.9 6.04 6i.9 
3.03 26.3 :::!9.3 
11.0 ~-d 37.S 
14~i :?S.l 39.8 
105 l;'.9 1:3 

0.38 0.38 
0.055 0.055 
6.S3 6..i3 

i .3E..J4 :".3E-1J4 
0.16 0.0033 tl.16 

ciOE..,J5 6.-IE~l4 ;"OE-<ll 
i . .:-16 6.ll13 13.1.."9 

9.SE-05 9.SE-05 
3.:E-05 3.lE-05 

3.5E..\JS 0.0017 0.001; 
:".7E .. J4 0.0026 0.0034 
9.iE..,]6 0.00li 0.001; 
:JAE-04 :i.-IE..;» 
o.:C.;JS '.i.;"E..)5 

3.0E-il4 -3.0E-04 
9.5E-05 9.5E-4JS 

3.lE-05 3.!E-05 
1.9E-OS l.9E..J5 
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Mui co 
Fuel Tow 

Emissions Emissions 

!.S7 2.Si 
l-l.9 1-1.9 
13.6 13.6 
1-l.! 14.l 
15~ 15.8 
0..31 ll.31 

0.016 0.016 
i.06 i.06 

l.SE-tJS I.SE~ 
0.002-l •).0024 

3.9E.J4 3.9E-VI 
~~3 2.-153 

i.lE-05 i.lE-05 
!_,'"£.;J5 ~'"E-05 
o.oou o.oon 

3.3E-V4 3..3E4l 
UE.J4 UE-04 
0.0021 0.0022 

-l.6E-05 -1.6E.JS 
2.0E-il4 :OE-04 
l.9£..;)5 I.9E.;JS 
l.9E.;J.t I.9E..J.I 
UE-V4 !.JE-<14 
3.llE..JS iQE-tJS 

0.3-l Q.J.I 
6.1E..J5 6.IE..J5 
6.:E-05 6.!E-05 
5.1E..J5 6.:E .. 15 



Waterborne Emissions <leg) 
Acid 
~etal !on 
Dis.solved Solids 
Suspended Solids 
SOD 
COD 
Phenol 
Suifides 
Oil 
Suifunc Acid 
lron 
Ammonia 
Cuomium 
Lmd 
z:nc 
Cyarude 

....... ASSOCIATES,Lm 

Table Mb 

SUMMARY OF WATERBORNE EMISSIONS FOR. 
llN..COATED STEEL CANS 
<Emissions per 100.000 items» 

U:Uted States 
Process Fuel Total Process 

Emissions Emissions Emissions Emissions 

.Ul i.1.E-o7 4.-U 
0.015 0.015 

0.18 3.:"6 8.93 
0.:6 0.0081 0.:7 

0.0088 0.0088 
0.042 0.042 

0.0030 4.9E-05 0.0000 

0.025 0.13 0.15 
l.:"-l 1.:-4 

l.10 0.-W 1.5-l 
illl14 0.0012 0.015 

2.9E-06 2.9E-06 
l.3E-05 l.JE-06 l.-IE"'15 
lJE .. 'J.l !.9E-05 ~E-04 
0.0068 0.0068 

Source: F:anklin .-usoaall!S, ltd. 
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Mexico 
Fuel Total 

Emissions Emissions 

5.2.i:-07 5.2E-07 
0.0098 ll.0098 

tH3 M3 
0.035 0.1135 

0.1:?. 0.12 
0.19 0.19 

0.002:?. 0.0022 
0.0012 0.0012 

0.13 0.13 
0.031 0.031 

0.0080 0.00!0 
0.020 0.020 

:.SE-04 2.3E-04 
9.2E--07 9.2E .. J7 
l.!E--05 UE--05 
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No atmospheric hydrocarbon emissions were reported by steel can 
producers in Mexico; however, hydrocarbon emissions were reported by 
aluminum can producers for the can production step. Presumably, these 
emissions are a result of solvent evaporation from varnish aplJlication and can 
painting. It is not known if similar emissions will result from varnish application 
during steel can production, and i! 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 waterborne emissions in Mexico are fuel-related. These 
emissions result from the production and processing of fuels. 

Disposal Energy and Environmental Emissions 

Table 4-5 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 foel source; L"lerefore, this energy is 
derived from petroleum. 

The fuel-related environmental emissions for the operation of packer 
trucks and landfill 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) 

Steel Cans 

Source: Franklin Associates. Ltd. 

Packer 
Trude 
Energy 

0.31 

' 4-9 ' 

Landfill 
Equipment 

Energy 

0.19 

Total 
Disposal 
Energy 

0.51 
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SUMMARY OF FUR-RELATED ENVIRONMENTAL EMISSIONS FOR 
DISPOSAL OF TIN-COATED STEEL CANS 

IEmissiom for units disposed per 100.000 itnns) 

Ulldfill Totill 
Packer Truck Equipment DisposU 

'Emissions Elllissions Emissions 
.. .\tmospheric Emissions (kg) 

?:uticulates 0 .. 030 0 .. 018 1).048 
:'liitrogen OUdes 0.39 o.:s O .. o.l 
Hydrocarbons 0.10 0.063 0.16 
Sulfur Oxides 0.093 l}.QS8 0 .. 15 
Cirbon Monoxide 0 .. 13 O .. Oi9 11.::0 
.. .\.ldehydes 0 .. 0061 0.0038 tl.0099 
~(ethane -l-Xlc-'15 2..71E-il5 ;-.JSE..;JS 
Other OtgWcs 6.62.E-07 -l .. UE-07 ! .. OiE-06 
Kerosene 2..lSE--08 l..34E..{11J H-SE-'l8 
.. .\mmorua 3.19E .. JS 2..0SE-05 :.3-lE-05 
Lead UlE-06 1.38£-06 3.38E...J6 
Fossil Cubon Dioxide 21.3 14.: 37.0 
Hydrogen Chloride 9.:-0E..;)7 •i04E-07 !£C-'J6 
Mercury 7.ZOE..JS U9E-OS I.l:C-07 
Chlorate l .. 71E-05 UJ6E--OS :.:-:-E .,)5 
Chromium C..:impounds 6.00E.\Ji 3.:-JE-'17 9.i.3E-07 
~langanes.! Compounds 6.05£..;)7 ·HIE-07 1.08E-06 
:'liickel Compounds 6.38E-'l6 .UOE--06 l.J7E-OS 
Antunony 1.-t:!E-•Ji ~.83E--OS 2...iOE-07 
Arsenic -l.09E.\Ji Z.S5E.\Ji 6.o.3E-'Ji 
9erylliwn Hl£.,J8 2..l2E-'J8 3.33E--08 
Cidm1urn 5.:J6E.Ji' 3 .. 15£ .. )7 3.::E.;Ji 
C.>balt -t01E..J7 2.30E-di S..51£.,)7 
Sd~wn l..3-lE.,J7 9.58£ ... )8 2..$0£.,Ji 
5ulfunc • .\cid 0.001. ':J.05E-04 0.0017 
:'lia202 6.33£ ... )7 -l .. 07E ... Ji l.:J6E..;J6 
:<02 o..53E..;J7 ·l..O'iE .. 17 i .. 06£ .. )6 
V:05 !l..53£-;)7 ·UliE--07 l.06£.;)6 

Solid Waste fkg) 0 .. 038 0.0".J •J.061 
Solid Waste (cum) -l.;"OE-<J5 2.93E-OS 763E..JS 

Waterborne Emiss10115 tkg) 
..\cid 6 r.1£ .. )9 -l.01E-'J9 l.:J6E-V8 
Metal Ion DIE-04 7.33£ .. 15 ::.OOE..;)4 
Dissolved Solids 0 .. 0054 1).0033 0.0087 
Suspended Solids -l..-liE-Ol 2.:1£-04 7.18£ .. )4 
BOO 0.0015 9.00E-04 0.0024 coo 0.0025 0.0015 0.0040 
Phenol 2..;'9£ .. )5 t.69E.,.J5 -1.-liE-<)5 
Sulfides l.3tE .. JS 9.14E.;J6 :!.-UE .. J5 
Oil 0.0015 9.lSE-04 0.002.; 
Sulfunc . .\c1d 3.54F.-1JS 2.1-1e ... 1; 5.68E-<J5 
Iron 1.13E--05 6.aJE--06 l.StE .. )5 
Amm'Jrua 2.35£ .. )4 l..55E-<J4 -1.lOE .. )4 
Chromium 3.liOE-•io :.18E-4J6 l;'8E-4J6 
L!ad 1.liE--08 7 !OF. .. 19 1.88E .. 18 
Zinc l.i'2E·07 1.04E·•1/ :.:"6E .. J7 

Source: Franklin .-\ssoc:1ates. L:d. 
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Chapters 

ENERGY AND ENVIRONMENT AL RESULTS FOR 
WOODEN FRUIT CRATES 

INTRODUCTION 

This chapter provides a summary of the energy requirements and 
environmental 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. 

RES UL TS 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 "o transport raw materials and finished goods within 
Mexico. 

The energy of material resource for wood-derived materials is not 
included in this analy~: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. 

5-1 
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l!NtiRGY Rl!QUIRliMtiNTS llC.)lt MANUl1ACrUIUi OF I00,000 WOOUl!N FIWl'r CHATl!S 

l"roc:l!1111 tiner11y 
l'cn:cnl 

GJ ufTolotl 

Fruit Cr<1tl!11 

Mellko 435 &>% 

Tutill tinergy '635 &>~ 

Suun:c: Franklin A:asudatcs, Lld. 

·1·r.m1tpoa·t4'li11n fau!rgy 
l\m·cnt 

GJ of Total 

108 20% 

lfltt 2ll% 

llncrgy uf Matl!rliil lte1ourcl! 
r1:1·c1ml 

GJ of Tototl 

Total l!nergy 
Percent 

CJ ol Tut•I 

543 100% 

543 100% 

I 
I 
§ 
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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 wast~ 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-la and 5--lb, 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 5-5 pre~ents 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 oper:ition of packer 
trucks and landfill equipment to dispose of postconsumer wooden fruit crates 
that become solid waste are presented in Table 5-6. 

5-:3 
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SOLID WASl'fi UY WfilGllT AND VOi.LIME ..-oat MANUllACTUIUi 011 'IOU,000 WOOUliN llllUl'I' CltATl!S 

Proce1u1 Wa1111e 
kg cul>k meter 

fluel WHle 1•u111lcu11111umer wa .. le 
l.g cubic mch!r 

Tu1 ... 1 Sulld Wai.le 
&.g ~·ulak mch.!r kg cubic nu:ler 

l'ruit Crate 

Mexico I to U. J.i HOO I .(K) H5,IH5 IHl 86,754 182 

Tottal Solid Wta,te 110 0.14 800 1.00 85,845 HH 86,754 U:l2 

Soun'\!: Franklin Associdtes, I.Id. 

I 
I 
§ 
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SUMMAllY OF ATMOSPHERIC EMISSIONS FOR 
WOODEN FRUIT CllATES 

<Emissions per 100,000 imns) 

Mexico 
Process Fuel 

Emissions Emissions 
Abnospheric Emissions (kg) 

Particulates 'S'l .3 
Nitrogen Oxides 16-l 
Hydrocarbons liO 
Sulfur Oxides 551 
Carbon Monoxide SSl 
Aldehydes !.81 
Methane 0.31 
Other Organics 33-_, 
I<erose.te 0.0014 
Ammonia 0.043 
Lead 0.11 
Fossil Carbon Dioxide 35.810 
Hydrogen Chloride 0.0013 
Mercury 0.0018 
Chlorine 0.26 
Chromium Compowtds 0.025 
Manganese Compowtds o.cr,,s 
Nickel Compounds 0.16 
Antimony 0.0032 
Arsenic 0.015 
Beryllium 0.0015 
Cadmium 0.013 
Cobalt 0.0092 
Selenium 0.0035 
Sulfuric Acid 23.-1 
Na202 9.39E~ 
K02 9.39E-04 
V205 9.39E-04 

Source: Franklin Associates, Ltd. 
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Total 
Emissions 

31.3 
164 
liO 
351 
851 
!.SI 
0.3'i 
33-_, 

0.001" 
0.04.3 
0.11 

35,810 
0.0013 
0.0018 

0.26 
0.025 
0.035 
0.16 

0.0032 
0.015 

0.0015 
0.013 

0.0092 
0.0035 

23.-1 
9.39E-04 
9.39E-04 
9.39E-04 
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T@lei-lb 

SUMMARY OF WATERBORNE EMISSIONS FOR 
WOODEN FRUIT CRATES 

(Emissions per 100.000 items) 

Waterborne Emissions lkg) 
Adci 
Metal [on 

Dissolved Solids 
Suspended Solids 
BOD 
COD 
~e.."lol 

Sulfides 
Oil 
Sulfuric Acid 
lron 
Ammonia 
Chromium 
Lead 
Zinc 

Source: Franklin • ..\ssoaates. Ltd. 

Process 
Emissions 

'5-7 

~exico 

Fuel 
Emissions 

9~-C-06 

0.18 
7.73 
0.63 
2.10 
3..t8 

0.039 
0.021 
~18 

:Lll 
0.63 
0.36 

C0051 
l.66E-iJ5 
2.-l3E.Q.l 

Total 
Emissions 

9.3SE..J6 
0.18 
i.75 
0.63 
2.10 
3A8 

0.0,,"'9 
0.021 
2.18 
2.51 
0.63 
0.36 

0.0051 
l.66E-05 
2A3E-04 
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Table5-5 

ENERGY REQUIREMENTS FOR DISPOSA!. OF 
WOODEN FRUIT CRATES 

(gigajoules for units disposed per 100,000 items) 

Packer 
Truck 
Energy 

9.16 

Un.dfill 
Equipment 

Energy 

622 

Source: Franklin .-1.ssociates. Ltd. 

3-8 

Total 
Dispoul 

Energy 

15.-1 
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Tablei-6 

SUMMA&'Y OF FUEL-REL\ TED ENVIllONMENTAL EMISSIONS FOR. 
DISPOSAL OF WOODEN RlUIT CRATES 

t&Ussioas for-a dispoRd per 100.000 ititms) 

lmdfill Total 
PacbrTnadt Eqaipmmt Dispasa1 

fmisions fmjsgjons fmissioas 
Atmospheric Emissions (kg) 

Paniculates o.87 0.59 U6 
Nitrogm Oxides ll.S ;"'..54 19.-1 
H~ 2.95 2.00 -l.96 
5ullur OQc!es ?J~ 1.S6 -l.39 
Urben Monoxide 3-'1> 251 6.20 
Aldehyde 0.18 0.12 0.30 
~ 0.0013 8.6.3E-04 0.(1()21 
Other Orpnics l.94E .. JS l.31E-05 3.1SE-05 
!Cft05erle 6.:&E-Jl -l..26E-07 1.()5£-;)6 
-~ 9.6.3E-OI 633E-04 O.oot6 
lead 6.-16£-05 ~'"CJE-05 1.llSE-04 
Fossil Urbon Dioxide 608 ~ 1.111 
H~CUoride 2.ME-05 1.93E-05 -L;"6E-05 
~ercury 2.llE-116 UJE-06 3.3-lE-06 
Cllorine -L99E-OI 3.39E-04 !l.38E-OI 
Chromium Compounds 1J6E-05 l.19E-05 2.95E-05 
Mu~Clmpounds l.95E-05 1.32E-05 3.liE-05 
'.'frlel Cootpounds l.93E-OI 1.31£-04 3.23£-1).1 
• .\ntimony -l.b'"E-06 2.82E-06 ~:J6E-il6 
• .\neruc 1.10E-05 !l.12E-06 2.01£-.15 
8erylliwn 9.97E-Oi 6.;"6E-07 l.6iE-06 
Cldmiwn 1.-lllE--05 l.OlE-05 2.~9E-05 
C.Jbait l.17E-05 i.96E-06 1.97E-05 
~wn -1.30E-06 3.06E-06 7.36E-06 
Sul.func Acid 0.CJ31 0.1121 0.052 
'.'lu02 1.91E-05 l..JOE-05 3 . .:lE-05 
!(02 1.91E-'l5 1..JOE-05 3.11£--05 
-nos 1.91E-05 1..JOE-U"; 3.11£-05 

Solid Wuie (kg) 1.lO 0.75 1.85 
Solid Wute !cum) 0.001-1 9.34£-04 0.0023 

Waterborne EmisS10n5 !kg) 
Aad 6.61E...J9 -1.01£-09 1.06E-Ofl 
!loietal Ion l.24E-OI ;-.53E-05 :.OOE-04 
Dissolved Solids O.OIJS.l 0.0033 0.0087 
Sus!JGlded Solids UiE-OI 2.71E-04 7.ISE-04 
aoo 0.0015 9.00E-04 0.0024 
coo 0.0025 0.0015 0.0040 
Phenol 2..i9E-OS l.69E-05 U7E-05 
Sulfides l.SlE-05 9.14E-06 2.UE-05 
Oil 0.0015 9.lSE-04 0.0024 
SulfuncAad 3..54£-05 2.14£-05 5.68£-05 
[ron 1.13£-05 6.83£-06 l.SlE-05 
Anunonia 2..55£-04 l.55E-04 .UOE-04 
Ovomiwn 3.60£-06 2.18E-'J6 ;.78E-06 
Lead l.17E--08 7.IOE-09 1.SSE-08 
Zinc l.;"2£-07 1.04E-07 2.76E-07 

Source: Franklin As500ol!eS, L:d. 
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Chapter6 

ENERGY AND ENVIRONMENT AL RESULTS 
FOR PET AND PETG PACKAGING 

INTRODUCTION 

This chapter prOY'l1es a s1urunary of the energy requirements and 
environmental emission<: ior the production, recycling and disposal ot 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 HOPE closure used on the PET 
bottle can be found in Appendix I. 

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 recovery· 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. 

DAT A 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 studv is assumed to 
come from manufacturers in the United States. Polypropylene 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 polypropylene resin in 
the United States are taken from Franklin Associates' database. 

Data for the production of non-refillable PET bottles were deri\·ed 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 by ~l.R. Servicios de 
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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 sir:-.!lar production operations in the United States. 

RESULTS AND DISCliSSION 

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 
system. The PETG bottle uses about 92 percent of the process energy. 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:i.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. 

6-~ 
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l!NliH<:Y IUiQUllU!MliNTS H>H MANUl;ACl'IJIU! cw 100,11110 IUWll.1.Alll.l! l'liT(; scwr l>HINK UO'rl'l.llS 
(uaiumlng Cl trlpai per l>ullle) 

l'a·o"·eaai linc:11u: T1.u111pmlo11ion li11ur1n: a:.,us·li~ of Mo1lurlo1I Hua10111·\!u Tctlill l!nur1n 
1'1.m .. '\!n I l'..:n.:1.1111 r1.1r4·1.1nt Purcunl 

GJ uf Toi.al ( ;J of Tul;al CJ ufTul.tl GJ of Tu111I 

Pt:TG Sufl Drink Uultle 

United St•teai 102 54'l'u 6.511 3% 1m.5 43% 18\) IOO'Yu 

Me1dcu 604 9.,i•y,. 3.60 6'11. 64.0 HIO% I Tot•I tinergy 162 61% lll.1 4% 80.5 32% 253 100% 

'l' l'ulyprupylen-= Cl~ure 

I w 

United St•teai 8.2\) 3.,i·r .. tl.-11 2% 15.3 b4'Y.. 24.0 100"/u 

M-=xku 5.59 \)I 'Yu 0.53 9% 6.12 HlO"lu § 
Tut•I Energy 13.9 46% 0.93 3'Y .. 15.3 51% 30.1 IOU% 

P .1,·k•g-= Tut.al 

Unih:J St•teai I JO 52% 6 91 :i% 95.8 45% 213 IUO% 

Mcxku 660 9-l't'u -1.13 6% 70.1 l()()'l'u 

Tut.al tinergy 176 b2~ II.II -1% 95.11 34% 283 JOO% 

S.um:c: f.1·,m'-lin A:.:iud.11..::a, l .1,t. 



T•ble b-2 

ENt:KGY l'llOFILliS fOK MANUMCJ'UIU: OF 100,000 IUlfll.1.AISl.I~ l'IITG S<.WI' UIUNK uo·rn.tiS 

(GJ p11r 100,000 bullh111 •1111uming 6 lrip11 per bullh:) 

---
tin11r11)'. l'rufile 

N•lur•I Tol•I 
Gn l'ehuleum Cu.al llydrupuwer Nudet1r Wuod Olber l!nergy 

l'liTG Sult Drink llullle 

United Sl•la 61.tl tlol.2 37H II.SH -I S2 113tl 111!1 

Medcu 9.2-1 U.9 3.112 2.H5 1.IO 2.16 6'1.0 

I Tul•I 70.3 129 "11.9 3.43 6.35 2.54 253 

~ 
l'ul y prupylen.: l 'IU11ure 

! ~ 

United Sl•la ltl.5 3.tlJ 1.n 11.1155 II.oil 111136 24.0 

Me.dcu Otl-1 4.CIH 11.36 0.35 11.22 11.27 6.12 § 
"l'ut•I 19..a 7.91 lol'J 1)..10 11.65 11.:m 30.1 

l'.a..-1...age Tul•I 

UllilN Sl•te11 79.b tlK.11 3':.111 11.6.1 -l.':.15 11.-12 212.6 

Me.llicU Ill CIH 49.tl 3:1K 3.20 2116 2.42 70.1 

Tut•I tl'J.7 137.0 H.3 3.KJ 7.00 2.114 2113 

Som~·c: Fr.mklin As~od.ih.-s, l.IJ. 
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Manufacturing Environmental Emissions 

Solid \Vaste. 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 percent 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. 

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

Process atmospheric emissions classified as "other organics" that are 
released in Mexico are produced durir.g 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 er.iissions released in 
Mexico are from bottle washing. All other process waterborne emissions 
released in Mexico are from the producHon of caustic soda. 

6-3 



T"li 11: 6-3 

SOLID WASTli UY WEIGHT AND VOl.UMI! Hll{ MANUf;ACTUIUi OF 100,000 
HEFU.LAUl.I! Pl!TC SOFr l>HINK oorn.ES 

(•ssuming 6 t.-lpli p1:r liottle) 

Process Waste F1wl Walltl! 1•m1tcomrnmer h 1ollih: Tot•I SuliJ Waste -- - - - kg l'ul>k mch:r kg cuhk meter kg l:ul>ic 111clcr kg cubic nu:lt!r 

Pl!TG Soft Drink. UoUle 

United Stales 18.1 0.023 475 0.59 493 0.61 

Mexico 134 0.17 Hl6 0.13 1,767 8.39 2,1Ml7 li.69 I Total Solid Waste 153 0.19 581 0.72 1,767 8.39 2,500 9.30 
- - - -

er- l1olyprupylene Clruiure I °' 
Unil,.J Stateli 0.45 5.59E·O-l 7.21 0.0033 7.66 O.<X>38 

Me.rico 5.38 O.ll0b7 273 2.79 278 2.80 § 
Tot.ii Solid W;u;le il.45 5.591H>4 12.b O.OIO 273 2.79 286 2.80 

P.ick.age Tulal 

United SI.ales 18.6 0.023 482 0.59 501 0.61 

Mexico 134 0.17 112 0.14 2,1140 J 1.2 2,286 11.5 

Tot•I Solid W.-ste 153 0.19 594 0.73 2,l).10 11.2 2,786 12.1 

Suun-c: Franklin Assud&1tcs, Ltd. 



Atmospheric Emissions (kg) 
Particulates 
Nitrogen Oxides 
Hydrocarbons 
5ulfu;: Oxides 

Cuban Monoxide 
Aldehydes 
Methane 
Other Organics 
Kaosene 
Ammonia 
L?ad 

Fossil Carbon Dioxide 
Hydrogen Chloride 
~(ercury 

Chlorine 

Chromium Compowtds 
~langanese Compowtds 
:"Sickel Compounds 
Antimony 
Arsenic 

Beryllium 
Cadmium 
Cobalt 
Selenium 

Sulfuric Acid 
:-.ia202 
K02 
v:os 

........ ASSOCIATES. Llll 

SUMMAllY OF ATMOSPHERIC EMISSIONS FOR 
llEFILLABLE PETG SOFT DRINK BOTrLE.s 

<Emissions pu 100,000 bottles usuming 6 trips per bottle> 

UailHStata 
Process Fuel Total 

Emmions Emissions Emissions 
Process Fuel Total 

1.-12 3.11 9.62 
l.;"6 :?3.-l :!5.l 
54..5 31.6 86.l 
5.05 U.-l ·--~l.J 

18.3 r- -~ -'O.;" 
0.057 ill! tJ.:7 

0.084 u.08-l 
1.30 I.30 

-l..56E--04 -l.S6E-1>4 
IJ.0075 0.0020 0.0095 

2.06E-06 0.0013 0.0013 
7.558 :'.558 

:?..2!E-04 5.94E--OS 2.SlE-1>4 
7.57E--05 7.3i'E.JS 

2.94E-04 :.94£-1).l 
0.0029 o.oo:q 
0.0045 tl.0045 
0.0054 O.OOSJ 

8.60E-05 8.60E.JS 
o.001s 0.0015 

l.66E-iJ4 l.ooE~ 
6.91E--04 6.91£-)4 
:?.-GE~ 2.-lSE-.)4 
9.-'0E.JS 9 . .WE .. JS 

Emmions Emissions Emissions 

3.12E-t)5 

.J.!7 

3.69E-05 
!.16£--05 

-l.6-l 
~-0 
19.-l 
71.9 
!3.0 
0.32 

tl.043 
1.17 

l.83E-04 
0.0050 
O.OCP...S 
bl! 

L-l6E--04 
2.32E-04 

0.035 
0.0033 

1).lXJ.16 

0.020 
4 . .:0E-04 

!l.OCP...O 
l.93E-04 

0.001; 
0.0012 

-l56E-04 
3.04 

1.14£-04 
1.14£-04 
I.14E-04 

-1.64 
17.0 
!9.-l 
71.9 
13.0 
o-... .:u. 

0.0-0 
1.34 

I.SJE .. J4 
0.0050 
0.0025 
·M24 

IA6E-04 
:.oaE .. J4 

0.035 
i).0033 
ll.0046 
Q.020 

-l.:OE-<'J4 
0.0020 

l.93E .. J.l 
0.0017 
i).001: 

·U6E~ 

3.Q.I 
l.l-IE-04 
l.l!E--04 
l.l-IE .. J4 

Source: Franklin .-Usooates. Ltd. 
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Waterborne Emissions (kg) 
Acid 
Metal £on 
Dissolved Solids 

Suspended. Solids 
BOD 
COD 
P?tenol 
Sulfides 
Oil 
Sulfuric Acid 
Cron 
Ammonia 
Chromium 
L!ad 
Zinc 
Nic:Xel 
Merc-.iry 

?hosp hates 
Ot:1er Chem. 

RIAml9I ASSOCIATES. LID 

Table 6-&b 

SUMMARY OF WATERBORNE EMISSIONS FOR 
llEFILL\BLE PETC SOFT DRINK BOTTLES 

!Emissions pu 100.000 bottles usaming 6 trips per bottle) 

United States 
Process Fuel Total 

Emissions Emissions Emissions 

0.052 L'":E~ l)Jl52 

11031 ().0093 •l.040 
19.6 j.-41 :Sil 
0.90 l).IJO.l9 iJ.91 
LOS a.~ l.JS 
2.79 11025 :.31 

2.UE41 3.00E .. JS 2.:-:£..;)4 
0.0!4 \J.02-t 
o~ \J.099 J.36 

3 . ..i3 31.13 
HiE..;J4 •176 a.:-o 

o . .u 703E-04 tJ • .U 
6£E-04 L7-4E..;J6 o.SiE-Ol 
:.39E..J6 7.7;E .. J7 3.6oE .. J6 
-4~1E-IJ4 1.!-4E..;1j H2E.J4 

0.0026 •J.0016 
0.0-ti ).IJ.l;" 

Process 
Emissions 

l.IOE-<J6 
l.lQE .. J6 

l.ll3E-J3 

5.5IE..VS 
5.3IE.J8 
i3lE .. J8 
I.OIE .. J7 

Source: Franklin .-\ssoaates. ltd. 
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:Mexico 
Fuel ToQI 

Emissions Emissions 

LllSE .. ~ l.IJSE·.l6 
\).1)20 t) t):ZO 

G.39 3-+-3 
11073 •lt173 
o.:-t a.:4 
J . .;o .uo 

0.0043 ill)(HS 

0.0025 J.0025 
•l.:S i) ~:; 

:).34 0.34 
0.084 J.IJS.l 
o.~ O.Q.1-1 

i116E-04 3.S6E-04 
I.91E..J6 l.%E-<J6 
2.3QE .. 15 2.:IDE..;JS 

3.51E .. )8 

UJIE~ 
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Non-Refillable PET Soft 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 
system. 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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'l'.lblc b·S 

l!NliltGY IUiQUllUiMENTS H>lt MANUl;ACl'lJHl! CW 100,UUO NON-IUWll.l.AUl.l! l'l!T UO'ITLl!S FOH lH>IUl.I! 011. 

Pruc\!1111 l!nt!rlU'. Tnu111port .. tiu11 ll11c1·1:u: linertS~ of M•terittl lte11011rcl! Total Enugy 
Pcn:cnt l'cn:cnl Percent Pl!rcent 

q uf Total q of Total CJ uf'l'utal q of Total 

1•1:·r l!Jiblc Oil Uuttlt! 

llnitt!J Sl•tt!» 172 -17')"., 16.2 ·1% 17\J 4\J% 368 100% 

- - - - - I Mt!J(kO t!().8 89'Y .. 9.92 11% 90.7 100% 

Tut•I l!nt!rgy 253 55% 26.2 6% 17\J 39% 458 100% 

Cf' I ..... 111>1'1! Clo»u1c 0 

Mcll(ko 12.0 .... ,.., U.69 3% 1.f.4 53% 27.0 100% 

Tut•I Energy 12.0 44% 0.69 3% 14.-1 53% 27.0 100% § 

P•ck•Kc Tot.al 

United Sl•le1 172 47% 16.2 -1% 17\J 4'J'Yu 36ti l 00"/u 

Mc.llko 'J2.7 79'f .. 111.6 \)% l.f.-1 12% 111:1 100% 

Total Energy 265 55'l. 26.8 6% l!.14 -10"/u 41J5 100% 

Sourn~: flr.ml..lin Assud.11cs, I.hi. 



:... ~ ": :a - 'ZI :2 tn ] ~ ~ 
tn 

" ~ '° Z) 
.., ... 

N N .., ... .= ! 
~ :ii 

.. "'I <"I .Q ... ... .., 
""" =- ::J r-.. 

'"' ~ C\ ~ ::: .-\ ~ ::: : .. .n 5 
...J 

3 
;;i 
...J = ~ ~ 
:u i 
== .... -"" i3 .. 

ir. N :. =- - ... in 
1 

N 

"' N tn 5 " ... - :::: - <"'i ... ~ <-: -= 
~ 

z 

~ 

= .. .. < ? ;;; ~ .Q tr. tn -...J = "". ; ; :;: It\ ;\ 
.... 

~ .n .Q 
Iii .,cj ~ 

: 

! .. 
= ~ z .! 

.Q .... 
~ 'W 

§ 4 z '": 
" i f. ::; 8. 

in I'- c ·.c It\ .Q N 
1 ... 

~ N :C .,. .,. 
<"'i .c ::\ 

~ .. .. ~ .,. ir. .,. -:: ::: ... .n ..,. ti 
! .• ~ 

"' - -.. ~ :: 2 :u = :J c 
~ ; - ~ x .,. I'-5 N ~ 

.Q - - N -c '° -! N .n in .0 N z ;: 
"( ii l: ::. 

= 2 
:n 
~ ::; 

~ .,. .,. 
11'1 Q N 

~ - t'i 
~ .. .. 

;;; -:I .. 
<"I 0 .. rJ = z ::. 

~ >- -'" 

"t 
'W = :u 

.E ~ -! x 
~ "5 
< :D .. .. - u 

~ ti 

:::i a 4 
4 4 ~ :I 

~ ~ i 
.. 

! :3 .., a Ci a .., a :::: ::; :; .. 3 .. "':; ~ .~ ... 4 ii 
Or.I v :&I v : .. :3 v "5 :5 := = :.. :i :t 'J - !-- .IC - ... - : "' = :.u - .. 

~ 
:.. - ::.. 

6-11 



T.al>le C>·7 

SOI.ID WASTI! UY WIHGllT ANU VOLUME 1101t MANUPACTUIUi 011 IUU,UUU 
NON-Kl!lllLLA Ul.l.i 1•ET UOTl'l.l!S 1101( liDIUl.I! 011. 

Prucelili W4'1ile Fu.:I Wo111te Pm11cunliunu!r Wa11te Tut.al Soll~ W111te 
kg cubic meter kg naLic meter kg cu!Jk mcler - kg c~eler 

PET Edible Oil Uollle 

Uniled Sloatea 37.2 0.046 7.21 0.0033 44.4 0.050 

Mexico 307 0.38 5.38 U.1Kl67 '.:\,HSU 18.3 4,162 18.7 

Totoal Solid Woalite 344 0.43 12.6 O.OIU 3,850 18.3 4,206 18.7 I llllPl.i Closure 
'i' I ...... 

Mexico 0.58 7.271H14 15.4 ().(11 IJ 254 2.SIJ 270 2.61 t..J 

Toi.al Solid Wute 0.58 7.271!-1>4 15..& 0.019 25 .. 2.51J 2711 2.61 

Poack.ige Totoal 
§ 

UnileJ St•tleli 37.2 0.046 7.21 o.ou:n 44.4 0.050 

Mexicu 307 0.]lt 20.K 0.1126 .i, 111·1 211.IJ 4;1J2 21.3 

Totoal Solid Woalite 344 0.43 28.0 0.029 4,104 20.9 4,476 21.3 

Suam-c: PrnnUin Assod.ales, Ltd. 
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Atmospheric and Waterborne Emissions. The total atmospheric 
and waterborne 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 procl'.lction 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 
HOPE resin and fabrication of the closures. 

All of the process waterborne emissions released in Mexico are from the 
production of HOPE 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. 

6-13 
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Tmlei-& 

SUMMAll"Y OF ATMOSPHERIC EMISSIONS FOR 
NON-REFILL\BLE PEI' 801TI.ES FOR IDIBLE OIL 

!Emissions per 100.000 items> 

United Sti1ta 
Process faef Total Process 

Emissions Emissions Emissioas Emissions 
Atmospher.c ~{kg) 

PuticulateS 3..38 10.3 13_; 0.3> 
~itroget Oxides l.:11 35.7 U.3 l).:S 
Hydroarbons UIS .u.~ 153 H.3 
Sulfur Oxides 3.11 SU -., :11._ 3.81 
Urban ).lonoiade +u 18.8 53.l 0.059 
. .\ldehrcies 2.-13 0.31 L--1 
Melhane o.n 0.11 
Other'~ !S.3 3.iJ 32.3 0.:-8 
Kerosene 0.0011 0.0011 
-~ 0.01-1 O.OO'i5 0.021 
Lead 3.9"'-E--06 0.0021 O.U021 
Fossil Urbon Dioxide OJJ:6 cm l~ill 

H~-d~ Clllonde -l..=:?E-04 .,.,...E-04 6.-HE-IM 
Mercury LiSE--04 LS8E-04 
C"1orine 5.61E-Ool 5.61E-04 
C-uoauum Compounds 0.0040 a.row 
'4angmese Compounds 0.0057 O.OOSi 
'.\iidcel C.>mDOunds 0.015 0.015 
.~rimonY' !.91E--O-I !.91E-IM 
Alseruc 0.0021 0.0021 
3eryllium 2.:6E~ 2.:6Eo1J4 
C.uimium 0.0015 0.0015 
Cobalt 3 . .:!3E-04 S.:::JE..>4 
5.!lenium 3.16E-04 3.16E .. )4 

5ulfunc Acd 
.'.ll'A202 
!<02 
v:os 
Ethrtene c:rcot-- 0.60 0.60 

Source. Franklin Assoaates. Ltd. 

6-14 

Muico 
Fuel Total 

Emissioas Emissions 

6.80 :-.oo 
:?.3.6 :?.3.9 
~.s -Pl.l 

1:6 130 
17.; 1;-.3 
0.!1 1l.~l 

0.076 0.1176 
3.79 -l..3i 

3.33E-3l 3.33E4l 
C.OOil 0.0071 
0.00.C •).00-15 
7.086 ;"'.lJ86 

~E-04 :?.ll8 E--0-I 
-USE ... 14 USE--0-I 

0.061 0.061 
0.()()60 0.0060 
0.0082 0.0082 
OJJJi O.G37 

i.39E-04 7.39E..J.l 
0.00-.» ~.0036 

.H3E-OI 3.-CE-H 
0.0031 0.0031 
0.0021 0.0021 

32-1£41 3.!-IE-OI 
5.-19 H9 

t..37E--04 !.~ .. ).I 

l.$'E--04 l.Ji"E.;).I 
Ui'E-04 l.Si"E .o).l 



W~tm>orne EmmlOns (qJ 
Acd 
Metaifoo 
Dissoi"-ed Soiicis 
S~eciSoiids 
SOD 
COD 
Phenol 
Su.ifides 
Oil 
Sulfur.c .\cd 
[ron 

AmmonY 
Chromium 
leld 
Zinc 
P?los~hates 
Other c,em.. 

5ource: :'~anidin . .\5socares. ltd. 
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SUMMARY OF WATEUORNE EMISSIONS FOil 
NON-REfIU..A8LE PET BOTnEs FOR EDIBLE Oil 

!Emissions pa- 100.000 itemsi 

United State 
Prvass Mid Total Proass 

Emissioas Caissioas Emissioas Emmcms 

O.!-l L63E-06 11.!-l 0.033 
0.1159 O.Q3S 1ltJ93 

39.0 i9.9 5U 
L'"'.i 0.018 L--l !hl2S 
!.:9 OJJ20 !Jt 'J.Ot:-
:-.96 0.095 :J.il5 iJ.OS: 

6ME-V.. Ll!E"'1-1 :-.m~J.t 
O.tJ6:: .)Jl62 !l0l3 
03') o.::s O.~ •J.ai: 

3.57 3.37 
0.0011 0.89 0.90 

3..54 0.0026 3.55 
0.001:: 6.50E-u6 0.0012 

3.50E..J6 2.90E--06 3.-IOE-'J6 
0.0013 -4.:5£-115 0.0013 ~.;}I 
0.0069 J.~ J.001: 

0.3-1 1).3-1 
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Mui co 
f11ei Total 

Emisaoas Emissiom 

!..33E--06 0-0J:; 
;)J)29 0.tl:!? 
l~ L.:S 
o.:o 0.13 
03-1 1.J.36 
;).;:-;' 0.65 

0.0065 J.0063 
!l.0035 ~l.019 
I)~ 0.38 
:)..,U iJ.60 
;J.!5 0 ,-.~ 

1).1)59 0.059 
L'4E-04 5.3-IE-0-4 
:.:-::E..J6 :.:-:.E--06 
3.99E .. JS 3::E..J4 

ll.0017 



Table 6-9 

ENERGY REQtJIREMENTS FOR DISPOSAL OF PET 
AND PETG PACKAGING 

{gigajoules for units disposed per 100,000 items) 

PETG Soft Ori.,ic. Bottle• 
PETG Bottle 
Polypropylene Oosure 
Package Total 

PET Edible Oil Bottle 
PET Bottle 
HDPEOosure 
Package Total 

Packer 
Truck 
Energy 

0.!9 
0.16 
0.65 

1.06 
0.15 
121 

• Allocated over six trips per bottle before disposal. 

Source: Franklin Associates, Ltd. 
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Lmdfill 
Equipment 

Energy 

0.29 
0.096 
0 . .38 

0.6.3 
0.089 
0.72 

Total 
Disposal 
Energy 

o.;; 
0.26 
1.03 

Lo9 
o.:4 
1.93 
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T.able~lO 

SUMMAlt'Y OF FUE.-REU.Tm ENVlllONMENTAL EMISSIONS FOil 
DISPOSAL OF llEm.LAILE PETC SOFT DIUNIC ll01TlES 

(Mnjsj-s for anits disposed pa lOOJIOO ~ 

lm4fill TcQI 
hcbrTnack. EqWpasent DispcU 

EmissiGllS Emissians Emissiaas 
. .\anosphelc E:nis5ions I~ 

Puticui&~ Cl.OISl O.Q36 \).()98 

~dnlgel Oxides 0Jt2 0.-111 1.30 
H~ 0.11 o.u ::J..33 
Sulfur Oxides 1ll9 0.11 0.31 
Cirilon '.\llonouie 0.:6 o.rs '1.-12 
. .udeh!de 0.013 Q.OOi'5 •1020 
~ 3.99E-05 ~..DE--05 L-03E•M 
Other~ 1.JiE--06 3.UE-Oi :.:!E--06 
Mrosene -l.."'4£-08 :!.$E-08 :-.~-;JS 
.-\lni.T.onza o.aJE-05 W4E--OS :.!lSE-M 
Lad -13i"E--06 :LiE--06 :".:SE .. )6 
~ urbon Dioxide -1-., ,_ ZS.ii ::.z 
H~Chicnde .!.lllE--06 l.l9E.;J6 3..:!IE--06 
'.'.lttcury- i.tCJE-07 UIE-08 ~~-Oi 
C'llorine .3.53E..JS !.OIJE--05 .:.~-15 
ChromwmC~ 1.24E-06 7.J6£.i17 l.9tiE--06 
Mm~ C.Jmpounds U8E-06 !U1E..\J7 :.19E--06 
:.'liickel C.xnpounds U6E-05 !.DiF:-l6 ::. !:"E..tlS 
A .. "\timony 2.93E--07 i:~--01 -l.07:-'Ji 
. .\rsmic !.-GE...Ji 5.02E-Oi t..;5f .. )6 
8eryllium :-.t\&E-08 U8E-J8 i.::f .. Ji 
Cldauwn LOSE-06 6 ..... .£.~11 I~;'E--06 
c.,m1t 8.19E-'Ji U2E-07 U1E-l6 
~um 3.l3E..J7 l.!t9E-li 5.tl7E-"li 
5uifunc.-\Cd o~ tl.001.3 ').0035 
'.\i.a...~ !.l.."£-)6 !.Q'lE-07 :..:=c ... 16 
!<C2 l2iE--06 3.02E.;)7 :.:.=-c-06 
v:os l.JSE-116 8.Q2E .. J7 :.u~ .. J6 

Solid Wuce • ~ OJJill O.Gl6 1J.l:! 
Solid Waste ic-J ml 9.i'JE-tl5 5.7i'E-05 L::E•J4 

W•rerbome Elr.lSSIOnS (qJ 
-~ 6.61E-09 ~-OlE-09 ~.06E-08 
~lion 1.1;!"°' :".5JE-05 :oe>E-.14 
Dissolved Soiids 0.0054 f).DQ33 1.006i' 
~Solids ~-•iE .. )4 !.:"lE--04 ;-_:gE .. J.1 
BOO 0.0015 C/.OOE-04 •J.OOZ-1 
coo 0.0025 1).0015 0.00.W 
Phenol !.79E-05 l.69E .. l5 .U;'E--05 
Sulfides I.31E-05 9.14£-06 !.-UE-05 
Oil 0.0015 9.lSE-04 •10024 
Sul!uncAad 3..S..E-05 :?.I~-05 ;.osE .. 15 
!ton l.lJE-OS ~.dJE-06 i.Jlf.,15 
• .\Jnmoni.i ?.35E-04 l.35E-04 uo£ .. J4 
Chromium 3.60£-06 :?.18£-06 l:-SE1J6 
Lad l.liE--08 7.lOE-09 ~.38£..J& 
Z.inc: l.i'!E-Oi l.o.&E-07 !.:'6£ .. r, 

" ."11ocated over nx :nps ?ft' bottle before dispos.L 

Source: franklin AsSOCl.lres, :.id. 
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Table0-11 

SUMMARY OF RJEI.-RELATED ENVIRONMENTAL EMISSIONS FOR 
• DlSPOSAL OF SON-REFILLABLE PET BOTIUS FOR EDIBLE Oll 

IEmis.Rans for anits disposed per 100,000 items) 

Lmdfill Total 
PKkuTnack Eqaipme."'lt Disposal 

Emissions 
-~~httc Emiss10nS tk!J 

Emissions Emissions 

i?aniculates IJ.!l 0.068 o.rl! 
~i~Oxides i.33 0.91 2.-U 
Hydrocarbons •)..39 o.:: 0.62 
Sulfur Oxides J.36 021 J-58 
C.irilon Moaoxi<ie O.-t9 0.19 o.:s 
. .\Jdehydes 0.112-l 0.01-4 IJ.O::, 
~ l.68E-J..i 9.96E_..JS !.bdE-Ol 
Other~ .. :OE...J6 l..52E...J6 -l.Oi"E...J6 
Mrosene 3.:9E-l8 H2E-.18 l.34'.E-117 
.-\mmoru.J l.:.""'E-J.l 7.3-lE-05 ::.il:E-Ol 
~ad i-33E-J6 3.06E-<J6 t.J6E .. J5 
Fossil Cuban Dioxide ill.:: 52.J !.;() 
:-!y~ CUonce 3.~.J6 ~ .,.,E .. J6 Hi"E-l6 
Mef'C'.U-f ::~-SE-Ji' l.05E--07 -l.-i-IE·•l7 
Chlorine .;_"'JE-05 3.91E-05 l.05E-Ool 
Cirouuum Compounds :!-32E.J6 l.37E--06 3.69E .. J6 
~~.inese Compounes :!.3i"E·<'l6 1.52E..,)6 UOE-'16 
:-.;iclu!( C..>mpounds ::..5-tE--JS l.51E-05 -l.Q5E .. J5 
.~ttmony 3.-i8E-li 3..:!5E-V7 ;.~E-'17 
. ..\."Set\lc !.58E-J6 9-37E-07 ::.5:'.E-l6 
3eryilium UZE-Ji :".!1.E--08 ::.:OE..J7 
Cldnuum L%E-J6 !.16E-06 J.I:E-06 
C..>balt l-35E-J6 9.t9E-07 Z.-i:-E~l6 
5eiemum H5E-J7 3.53E--07 H8E-li 
Suifunc . .\ad '1-~l 0.002-l 0.0066 
:-.;.:02 :..52~ .. ']6 l.30E-<l6 -l.02£..)6 
i<02 ::.52E-}6 l.SOE--06 -l.iJ2E-l6 v:cs ::-32£ .. )6 UOE-1J6 -l.tr~..)6 

Solid 'N.u~ fie~ 0.!3 0.086 0.:3 
Solid Wute !cu ml l..i2E-J.l L08E-04 2.90E-Ol 

W.aterbome Enussions lk~I 
.-\c!d ?.o!E-19 ·l.OlE--09 t.C6E-l8 
~,[eta! !on 1.:-1£ .. }..t :-.53E-05 ::.ooE-14 
Dissoived Solids 1).005-l l).0033 0.0087 
Suspended Solids H/E .. }l !.:"tf .. }I :-.:sE-14 
SOD 0.0015 9.00E-04 0.002-l coo 0.0025 010015 o.oow 
r>he.'loi !.:'9E-IJ5 l.o9E .. l5 UiE-<lS 
Sulfides !.3 !E-l3 9.1-lE .. )6 ! . .UE.,JS 
Oil 0.0013 915.E .. )4 ().:J02-l 
5uifuncAad J.5-lE-lS 2.l-lE-05 i5aE .. JS 
!ron l.lJE-VS 6.3.JE-06 l.SlE .. JS 
. .\a\moru.a .?.~3E .. J.1 l..53E-04 -UOE-04 
Ovom1um 3.60E .. )6 ll8E-06 3.:"8E-J6 
lot.ad L:iE-.18 i.!OE-09 l..il!E-1)8 
Zinc l.~E .. J7 l.04E .. 17 ::.:"6E .. l7 

:Xiurc~ Franklin .-Usoc1.ares. :.:d. 
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Chapter7 

ENERGY AND ENVIRONMENT AL RES UL TS 
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: 

• ..WO ml HDPE shampoo bottles 
• LOPE-film bread bags 

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

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

DATA SOURCES 

Data supplied by producers in Mexico that use HOPE and LOPE resin to 
produce packaging material indicated that the resin was obtained from 
manufacturers in Mexico. Data for HOPE and !..OPE 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 LOPE-film bread 
bags in Mexico were estimated from information from Franklin Associates' 
database. Data for the production of HOPE bottles were supplied by one 
producer in ~lexico. 

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 
Associat€:s' database. 
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RESULTS AND DISCUSSION 

HOPE Shampoo Bottles 

Manufacturing Energy Requirements. Table 7-1 presents the energy 
requirements for the manufacture of 100,000 HOPE 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 HOPE 
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 tt.~ 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-re!ated 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 waterborne emissions for manufacturing HOPE shampoo bottles are 
presented in Table 7-4a and 7-4b, respectively. 
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T.il>h: '1· I 

l!Nl!HGY IU.:QUllU!Ml!NTS H.>H MANUl1ACTUHli tW 100,000 llUl'li SllAMPOO UO'ITl.l!S 

l'roccss l!ncrHl Tr.an111port.itlon lincrtll 1!1u:rgr of Malcri.ll He1m111·cc Tot•I Ener15r_ Pcn:cnl Pcn·cnl Pcn·cnt Percent q ut Tot<il q ui T111.1l q uf '1'111.1 I q of Tut.ii 

llUPI! Sh.unpoo Uottlell! 

Mexico 243 .JH% 7.69 2"/., 255 511'Y.. 5116 IOO% 

1•otypropyleau: Closure 

Uniu:J States 42.5 3-l'Y., 2.m> 2% 7H.6 64% 123 l00% I Muico 28.7 91% 2.70 9% 31.4 '100% 

'-.J Total Energy 71.2 •16'Yu 4.79 3% 78.6 51% 155 100% I ' w 

Pack•ge Total 

United Stale111 42.5 3'1% 2.0!J 2% 78.6 64% 123 100% § 
Mexico 272 51% I0.4 2% 255 47•y .. 537 UX>% 

Total Energy 314 .Jti'Y.. 12.5 2% :n" 51% 661 100% 

Som'-'\!: 1:r,mklin Assod,\lcs, l.1,1. 
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t:NEKGY l1ROHl.t:S fOK MANUllACTUltt: 01" 100,000 llUl'li SI IAMl'OO U01TU!S 

(GJ pc:r 100,000 llc:11111l 

lim"IU:'. l'mfllc 
N.ilur.al Tul•I 

Gu l'clrulc:um Cu.al llydrupuwer Nuc:h:•r WuoJ Other l!nersy 

Ul>l'li Sh.impuu BuUlc:o 

Muku 360 Wb ICI 2 11111 b.olll 7.55 5116 

l'ulyp1upylc11c C:lua;un: 

UnileJ Sl•lc• 951 19.6 5HO II 2K 219 0.1\.1 123 I Mcliku -1.29 2119 I.HS 1.7\.1 1.15 136 31.4 

~ Tut.I Wo& 411.5 7b5 2.118 3.:J5 1.55 155 I .;... 

l'.ad1.•sc Tul•l 

UnileJ St.ilea 95.I 196 5.liO 0.28 2.19 II.HI 123 
§ 

Mcd"-u 3711 126.9 121 11.75 7.55 1!91 537 

...... -lbS 1-165 17.\.1 12.11:1 9.75 \.l.ll'J bc>I 

-
~"·"·c: i: ... ml..lin A:.:.01:1.,h::o, l.IJ. 
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~ 
Ol 

lllll"I! Sh•mpoo Houle 

Me id co 

Total Solid W.aste 

Polypropylene Closure 

United States 

Mexico 

Total SoliJ Waste 

Pack•ge Total 

UnileJ Sl•les 

Mexico 

Toi.al Solid W•sle 

T.abl&i 7-3 

SOl.IU WASTI! UY WlilGllT ANL> VOl.UMI! Jl()I( MANUFACTUltl! 011 IUU,000 

llllPE SllAMPOO UOTl'Ll!S 

Pruc&iss W .tste l1ud W.asle l'oslconsumer W.a11le 
&..g ~ul>k mclcr 1-g n1bk 1111.'IL'I' &..g n1hil: lllCICI' 

10.3 0.013 338 0.'12 <J,500 21.4 

lll.3 tl.013 338 OA2 4,500 21.4 

5.06 0.(ltl63 81.5 0.037 

60.9 0.076 1,400 14.3 

5.06 1Ul063 IH 0.11 l,•100 M.3 

5.06 ll.0063 tH.5 (l.037 

10.3 0.013 399 0.50 5,900 35.'l 

15.4 0.019 41H 0.54 5,900 35.7 

S..•uffc: Pr.mklin As:.m:ictlcs, I .Id. 

Toi.ti Solid Wa111e 
kg cuhic n u~ter 

4,84!.I 21.8 

4,849 21.8 

86.6 0.044 

l,461 14.4 

l,547 14.4 

86.6 0.044 

6,310 36.2 

6,396 3ti.2 



.~tmospheric E:nissions ikg) 
PaniC"..ilates 
'.'iitrogen Oxides 
Hydrocubons 
Sulfur Oxides 
C.irbon Monoxide 
Aldehydes 
~(ethane 

Other Organics 
!<.?rosene 
A .. -nm.onia 
lad 
fossil C.irbon Dioxide 
Hydrogen Ciloride 
~{ert'.iry 

C-Uorine 
C'U'omium Compounds 
~anganese Compounds 
~ickel C.Jmpounds 
Antimony 
.~.rseruc 

Beryllium 
Cadmium 
C.>balt 
Seleruum 
5ulfunc Acd 
~402 

!<02 
v:os 

Source: Franklin Associates, Ud. 

RIAlmllll ASSOCIAilS. LID 

Tule7-b 

SUMMARY OF A TMOSPHEUC EMISSIONS FOR 
HDPE SP.AMPOO BOTTLES 
(Emissions per 100,000 items) 

United States 
Process Fud Total Process 

Emissions Emissions Emissions Emissions 

0.34 1 ~~ 
_,~ 1.67 3.-17 

1.39 ' .,., o.- 7.31 -l.95 
36.i 19.3 56.il :S3 
1.92 7.18 9.10 ~i3 
0..3-t 1.98 3.32 I.LIS 

0.013 0.02S 0043 
0.04l O.J<W 
0.36 0.36 

:!.IOE-IM 1.IOE-04 
0.0019 2.33E-O-l 0.0021 

5.:6E.;J7 1.SJE-114 l.3-lE--04 
:.333 :.333 

5.63E-05 8.34E-06 S.-ISE-05 
S.oiE-06 !t6iE-\l6 

7.52.E-1}5 i52E--05 
4.5.3E-04 -t.33E-V4 
i.:9E-"J4 7:9E-lJ4 
5.32E--04 5.32E--04 

2.:6E--14 :!.16E-lJ4 
:.62E--05 :!.62E-OS 

l.i7E-oJS 1.i7E--05 
6.79E-06 ?.79E--06 
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:\fexko 
Fud Total 

Emissions Emissions 

12.9 16.3 
-18.3 33.3 
117 369 
:S9 357 
'Z9.i 30.8 
ll.:O 0.10 
0.16 J.16 
2.15 :!.IS 

7.12£--04 i.12E-ll4 
0.014 0.01-l 

0.0107 0.0107 
:1.333 :!l.333 

-l.02E--04 4.0:E--04 
8.9iE--04 S.9iE--04 

0.13 0.13 
0.013 0.013 
O.LllS O.DlS 
O.Oi9 0.079 

ll.0016 0.0016 
0.00i6 -10076 

i35E.;)4 7.35E-'J4 
0.0067 0.0067 
0.0046 O.QO.l6 
110018 110018 

11.9 ! l.9 
'."S8E .. J4 738E--04 
7.88E-04 7S8E..J4 
7.S8E..;J4 7.S8E..J4 



Waterborne E:nissions (kg) 
Acd 
Metal Ion 
Dissolved Solids 
5uspe!tcie-.! Solids 
BOD 
coo 
!'?tenoi 
Suifides 
Cil 
5u!t-.mc :\C:d 
::ran 
Ammonia 

C-uomium 
Lead 
Zinc 

i'!'",os!'nates 

Source: Franklin .-\ssocates. l!d. 
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T.able7-4b 

SUMMAJly OF WATEllBORNE EMISSIONS FOR 
HDPE SHA..\0'00 BOTTI.Es 
<Emissions per 100,000 imm> 

United St.ates 
Process Fuel Total Process 

Emissions Emissions Emissions Emissions 

0.!9 6.l-lE-08 0.19 •159 o.cxr.s 0.0013 0Jl09I 
j.16 0.8-1 'i.ll) 

033-; 6.91E-V-I o.:3-l 0.-l:;' 0.,3()5 7 . .54£-0-I 0..306 0.30 O.o-1 0.0036 0.6-l 1.-15 :.SSE-J5 -l.ZlE-06 3.:SE-'15 
ll.086 0.086 o.,-_ _, 
0.!2 0.033 0.15 o . .::: 

0.-19 0.-19 
:32E--O-l O.!::! 0.12 
6.:i9E .. J.l 9.:ITT:--05 i.6iE-04 
I.66E-'J6 !.-UE-07 I.90E-06 
i.3iE~J7 I.09E-07 3.-KiE-07 

0.0016 I.59E-06 0.0016 0.0050 0.0096 0.0096 0.030 
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Mexico 
Fuel Total 

Emissions Emissions 

:?..96E-06 039 
0.056 0.050 

Z.-16 2...46 
0 . .:0 0.6i 
0.06 0.96 
1.10 1.35 

0.012 0.012 
0.0067 0.27 

0-76 0.98 
l ---_ _, 

1.17 
0.32 0.32 

0.114 O.il-l 
0.0016 0.0016 

5.24£-06 5.24E--06 
i.68E-05 0.0051 

0.030 
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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. 

LOPE-Film Bread Bags 

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

Process energy accounts for about 39 percent of the total energy for the 
system. The ethylene and LOPE resin manufacturing steps account for about -ll 
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 LOPE 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 LOPE 
production. 

Manufacturing Environmental Emissions 

Solid Waste. Table 7-7 presents the solid waste for manufacturing 
100,000 LOPE-film bread bags. Included in this table is the postconsurner 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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T•bl.: 7-7 

SOLID WASTE UV WEIGllT AND VOl.UMI! FOH MANUflACl'UIUl Ofl rno,ooo l.IWI! UIUiAD UAGS 

Pruce11a1 WHht 
kg ~ublc mt:ll!r 

Jlu.:I WHle l'cu1tcun11umu W1111e 
kg n1hlc mch:r 

Tolal Solld Waate 
kg cubk mt:lt:r kH cubic: melt!r 

l.l>Pl! lhe.d Uaig11 

Me11ko 2.00 0.0t>25 34.3 0.l).J3 H7-& 2.21 9IO 2.25 

Totail Solid Wai*!le 2.00 lJ.0025 34.3 l).()43 87-1 2.2) 910 2.25 

Soufl'c: Pr.-nklin A~~od.-lcii, 1.1,1. 

I 
I 
~ 
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Atmospheric and Waterborne Emissions. The total atmospheric 
and waterborne emissions for manufacturing LOPE-film bread bags are 
presented in Table 7-8a and 7-8b, respectively. 

Most of !:he atmospheric emissions for operations in Mexico are fuel 
related. These emissions are a result of production a.l'\d 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 LOPE resin manufacturing steps, 
including production and processing of raw materials needed to make LOPE 
resm. 

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 
HOPE shampoo bottle systems and the LOPE-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 packe: 
trucks and landfill equipment to dispose of postconsumer solid waste from the 
HOPE shampoo bottle systems and the LOPE-film bread bags are presented in 
Tables 7-10 and 7-11, respectively. 
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T~ble1-8a 

SUMMA.Ry OF ATMOSPHERIC EMISSIONS FOR. 
LOPE BREAD BAGS 

(Emissions per 100.000 items) 

Mexico 
Process Fuel 

Emissions Emissions 
Atmospheric Em:ss1ons {kg) 

Particulates 0.15 1.32 
Nitrogen Oxides 0.96 6.08 
Hydrocarbons 36 .. .. 18.l 
Sulfur Oxides 13.l 28..3 
Carbon Monoxide 0.20 ·llll 
. .Udehydes 0.034 
~(ethane 0.035 
Other Organics 0.69 
Kerosene 6.llE-05 
Ammonia 0.0013 
L!ad 0.0011 
Fossil Carbon Dioxide 2$0 
Hydroge!l Otloride 3.82E-05 
~ercury 7.77E-OS 
C"llorine O.Oli 
Chromium Compounds 0.0011 
~an~ese Compounds 0.0015 
:'loiickel C.:>mpounds 0.0068 
.-\ntunony LUE-04 
Arsenic 6.59E-04 
Bervllium 6..33E-05 
Cadmium .5.83E-04 
Cobalt 4.00E-04 
Selenium l.53E-04 
Sulfuric Acid 1.04 
Na202 l.23E-04 
I<02 l.23E-04 
V205 l.23E ... 'J4 

Source: Franklin Associates, Ltd. 
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Total 
Emissions 

L-17 
7.04 
54.8 
·U.-l 
Ul 

0.()3.l 
0.035 
0.69 

6.llE-05 
0.0013 
0.0011 

2.SiO 
3.82E-05 
i.iiE-05 

0.011 
0.0011 
0.0015 
0.0068 

l.UE-.14 
6.59E-04 
6.3.3E--05 
5.83E-04 
-l.OOE-04 
l.53E-04 

1.04 
l.23E-04 
l.23E-04 
l..23E-04 
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T~ble7-8b 

SUMMARY OF WATERBO~c EMISSIONS FOR 
LDPE BREAD BAGS 

<Emissions per 100,000 items) 

Me.."<ico 
Process Fuel 

Emissions Emissions 
Wate..rbome Emissions <kg) 

Acid 0.11 2.SlE-0/ 
~(eta! Ion 0.0053 
Dissolved Solids 0 ., .. 

-~ 

Suspended Solids 0.2S 0.019 
BOD 0.12 0.063 
COD 0.71 o.:o 
P~enol 0.0012 
Suifides 0.052 6 . .WE-04 
Oil 0.043 0.080 
5ulfuric Acid 0.11 
Iron 0.027 
Ammonia 0.011 
GLromium l.53E-U4 
lead -l98E-07 
l:nc 9.71E-04 7.30E-06 
~osphates 0.0058 

Source: Franklin Associates, Ltd. 
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Total 
Emission! 

0.11 
0.0053 

0.23 
0.30 
().18 

0.81 
0.0012 
0.053 
0.12 
0.11 

O.CJ27 
O.Qll 

l.33E-04 
-l.98E-07 
9.:-SE--04 

0.0058 



Table 7-9 

ENERGY REQUIREMENTS FOR DISPOSAL OF 
POL YETHYl.EN'E PACICAGING 

(gigajoules for units disposed per 100,000 items) 

Packer Lmdfill 
Trude Equipment 
Energy Energy 

HDPE Shamooo Bottle 
HDPE&ttle 124 0.:-3 
Polypropyiene Ciosure 0.83 0.-!9 
Pacbge Total ~06 12.3 

LDP!: Bread Sags 0.13 0.076 

Sol!ICe: Franklin Associates, Ltd. 
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Total 

Disposal 
Energy 

1.97 
1.32 
3.~9 

0.20 



......... ASSCXJATES. LID 

SUMMA.llY OF FUEL-llEL\TED ENVlllONMENT.AL EMISSIONS FOR 
DlSPOSAL OF HDPE SHAMPOO BOTI1.ES 

(Emissi- hK llllits disposed per 100,000 ilmls) 

Luadfill ToQI 
PacbrTrudt Equipment ~ 

Emissions Emissions Emissions 
Atmosphenc E:nass1ons (kg} 

l':uttculates 0..:0 o.u 0.31 
'.'li~Ouies ~ l..5.5 U.5 
H~ 0.67 0 . ..0 Ul6 
Sulfur Oxides 0.6Z 0.37 0.98 
C.ubon ~onoxide 0.83 1).49 1.33 
Aidehy-cies O.GW 0.02-l O.OM 
Methane !.S7E..J.l l.70E-.l-l -t37E-Ol 
Other Crprucs -l..36E-06 z~=:-J6 6.%E-06 
:<aoseie ! -llE--Oi HOE--08 :?.3E-<J7 
.-\mmcmi.l :.17E-Ol L19E--04 H6E..J.l 
Lead L-l6E-<J5 3.65E..J6 :_,,""2f-vs 
rossd C.ubon Dioxide t.=o ~Q.-l :-la 
:-fy~ Chloru!e ii . .WE-06 3.SOE .. J6 UlZE-.JS 
'.'Yferouy -t;'3E-<"l7 :!..32E-J7 ;".s;"E .. ')i 

Chlonru! UJE .. J.1 6.08E-05 1.;'qE.IJ.I 
C'llOIIUUlll C.J1?1powlds 3.95E-06 :!.JSE-06 ?.30E-06 
Mmga.nese Compounds -l.39E-06 2.6IE-06 6.99E-06 
'.'iickei C.Jmpounds -l.Jo1E .. J5 :.58E-05 HZE-05 
.-\nam~:-.y 9.35E..Ji 533E-07 U9E-06 
.\t5enl.: :.:-of .. )6 i.60E-J6 -UOE-.16 
3erylliwn :.:SE-17 l.33E--Oi' 3.58£-Q'i 
C.idnuwn 3.3-IE-J6 l.98E-06 5.32E-06 
C.Jbait :.5-lE-J6 UiE-06 -t.:!E--06 
-5e!eruwn LOIE-i6 ?.OJE..;J7 L6:E-J6 
:51.illunc Acd 110070 o.~2 1).011 
~a202 -t.3IE .. )6 2.36E-06 .;.diE-'.16 
:<02 U1E-J6 :.36E-1J6 .;.37E-06 
v:os -t.31E...J6 ~oE-'J6 .;.a;E .. }6 

Solid Waste iq, O.Z.5 0.15 •HO 
Solid Waste 'C'.i m) 3.lOE-V-1 1.3-IE-Ol -l.94f--il-l 

W.acerbome Emissions lk!t 
Acid 6.61E .. l9 -t01E..IJ9 L06E--iJS 
'.f~l[on L:-IE..J.l ":'.33E·t15 :.OOE-04 
:Jissolved Soiids 0.005-1 IJ.0033 O.OOS7 
5uspended SolidJ Hi"E-Vl 2.:'lf .. )4 :.1SE-11-l 
aoo 0.0015 9.00E-t'Jol •1002-l 
COD 0.0025 0.0015 o.~ 

?henol :.:-9E-OS 1.69E-OS Hif.,15 
Sulfides UIE-05 9.14E--il6 :.~-OS 
Oil 0.0013 9.15£--04 0.0024 
Sulfunc Acid 3..>iE·•l5 2.!4E-OS 5.oSE-05 
'.ron l.lJE--ilS 6.8JE--il6 1.31E-05 
Ammorua 2.35£--04 l..55E--04 -l.IOE~14 
Cuom1um 3.00E-06 2.!SE--06 ;.:"8E-t16 
lad l.l7E .. )8 710f-l)9 !.SSE-OS 
Zinc l.~E>li l.04E-<J7 :!..":'liE-07 

5ourcr. franklin . .Usoc:.atn. t:.:d. 
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TaWe7-ll 

SUMMAllY Of FL'U-llEL\TED ENVtllONMENI'AL EMISSIONS FOR 
DISPOSAL OF LDPE lllEAD IACS 

(Emissims for anils disposed per 100,000 ilRms.I 

UnclfiD Total 
PacbrTcudt Equipment DispoAl 

Emissioas Emissions Emissioas 
Atmospheric Emmions (kg) 

Puticulal!S 0..01! o..oon 0..019 
~itrogen Oxides 0.16 ll.096 1).:6 
Hydrocarbons 0.00 ll.024 0-066 
Sulfur Oxides 0.fl38 O.Q23 Q.061 
Urban l4onoxide O.lb-Z 0.031 Q.()83 

Aldehyde a.oms O.ll015 0..00.W 
'.\lledlane I.;'9E-l5 1.llSE--05 2.Mf..JS 
Other Organics =--~..Ji l.blE--07 4.33E.J7 
i<.eroserie 8.83E-J9 5.10E--09 UQE .. J8 
-~ l..3SE.;.l5 :;'.98E--06 2.LSE..JS 
lead 9.09E-J7 5.36E-07 l.~--06 
i'ossil Urban OioXJde 9..39 5.53 !-t9 
Hydrogen Chloride 3.99E-.li' !._,"'5£--07 6.J..lf-4]7 
Mercury 2.96E-JS l..:'3E'"'11 4.71E..J8 
O\lorine 7.D2.E--06 Uolf--06 l.I:E--05 
Chromium Compounds i.-Lr:.01 USE--07 3.9"..E--07 
Manganese Compounds :?.7-lf-07 1.0lE--07 ·1.35E--07 
:-frlel Compounds !.. iE--06 l.OOf .. )6 -l.30E-J6 
Antimony 5.83E..J8 3.~--08 ~.::'E-1)8 
. .\lsenic l.OSE-'Ji 9.92E--08 1.0i'E..J7 
Beryllium l..tOE-08 3.16E..;J9 ?.:3E-08 
Cldmiwn !.06E-Oi' l.=3E--07 J.31E .. Ji 
Cobalt Lo5E--07 9.;-:E .. ')8 ~2E~)7 

SeieUwn o.JJE-08 3.7JE .. J8 l.OlE.,Ji 
Sulfuric Aad 4..39E..}l :.59E-O& 6.~E .. J.1 
:-.1.1202 2.69£ .. Ji LS8E_.Ji U,"'"E .. Ji 
K02 !.69E..,Ji l.38E..J7 4-17!..Ji 
V'205 !.69E-Oi' USE--07 4Z"E-J7 

Solid Waste (k~ 0.016 0.D091 0.025 
Solid Waste (CU Ill) I.94E..JS l.!olf..JS 3.ll8E-OS 

Waterborne Euussions (k~ 
Acid 6.olE..:J9 4.0lE..19 l.06E-08 
Metal Ion l.14£-•14 i.33E--05 2.00E-IJ4 
Dissolved Solids 0.005-l 0.0033 0.008i 
Suspended Solids 4.-17E..J4 2.71E·•l4 7.18E--04 
BOD 0.0015 9.00E--04 0.DO'l-1 coo •l.0025 0.0015 o.~ 
~I 2.79E-OS l.69E--05 U7E-1l5 
Sulfides l.31E-OS 9.lolE.Q6 z.~ .. 15 
Oil 0.0015 9.lSE-04 0.0024 
Sulfuric Acid 3.S..f .. JS 2.1-IE-OS 5.68E--05 
Iron l.lJE-05 6.83£--06 l.SlEJJ5 
Ammonia z.35f .. )4 l.55E-04 uoe .. 14 
Chromium 3.60E·il6 2.18E..J6 3.;"Sf .. )6 
~ad 1.l:"E-08 7.lOE-09 l.SSE-1J8 
Zinc 1.7:£-07 l.04E-07 2.76E .. J7 

Source: Franklin Assoc:ures. Lid. 
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Chapters 

ENERCY AND ENVIRONMENT AL 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 PVC 
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 
l!nited States. Data for production of vinyl chloride monomer and resin 
modifiers were taken from Franklin Associates' database. Data for the 
production of PVC resiP 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 HOPE closure used on the water bottle is assumed to be produced 
from resin manufactured in Mexico. Data for HOPE 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. 

RES UL TS AND DISCUSSION 

Manufacturing Energy Requirements. Table 8-1 presents the energy 
requirements for the manufacture of 100,000 PVC water bottles. The energy 
•·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 59 
percent of the process eriergy for the bottle is used in the United States to 
manufacture resin modifiers and vinyl chloride monomer. 
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T.1l>le 8· I 

llNl!llCY IU:QUllU!Ml!NTS l'Clll MANUl'ACl'UlU! CW 100,lltlll l•vc WATlm HOTl'l.llS 

Pruce1111 l!nerHl'. Tr•n11~cu·t"tiun l!ners;r l!nerHl of Material ltelliource Total llnertu: 
Ptm.:cnt l'crccnt J>cn:cnt Percent 

q of Total ( ~J of 'l'ulill q of Tuhtl CJ of Total 

PVC W.ater Uottle 

United St•teit 345 48% HW 2'Yu 361 50% 724 100"/u 

Mexico 243 ~)% 27.9 JO% 270 100% 

Tol<1l Energy 587 59% 45.8 5"/., 361 36% 994 100% I HDPE Cloiture 

qo Mexico 16.5 44% 0.95 3'Y.. 19.9 53"/., 37.3 100% I N 

Tut•l l:nergy 16.5 44% 0.95 3% 19.9 53% 37.3 100% 

Pttckage Tot•l § 
United State11 345 48% 18.U 2% 361 50% 724 100% 

Mexico 259 84% 28.8 9% 19.9 6'Y'u 308 100% 

Total Energy 604 59% '16.8 5% 381 37% 1,032 100% 

Soun-.:: Fr.mllin Assodah.'S, I .td. 



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 er.ergy 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 re5in production step. All of the other process emissions in 
Mexico are from production of HOPE resin and fabrication of the closure. 
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'l'o1hlu 11·2 

liNlilU>Y l'MOMl.liS H>K MANUh\C. "l'UIUi C.W ltl0,000 l'VC WA'l'lil< UO'l'l'l.l.iS 

(CJ p11r 100,000 lhm111) 

linaran: l'rulil11 
N•lur•I Tul•I 

Go111 l'ulruluum <.'u•I 11 y..trnpuwur Nudu.r Wmut Olhur lin•trB)' 

rvc W•IH BuUle 

Unih:J Sl•tcai 5'.ltl IOI n.•> 3.22 25.2 2.14 724 

Mca;ku 567 167 1-1 I 1:\.7 K7'J 1114 2711 

·1·u1•I 5n 2t>lt llti 'J I ti.'J :1-1" 12.5 Wol 

llOl'E Cluaiurc 

qo Mu ... ku 211.1 7.UJ U.M "(12 11.-111 1147 373 

""' 
Tut•l 21i.l 7.113 0 6-1 11.62 IHll 11.47 37 3 

I' "d""le Tul•I 

U11ih1J Sl•leai 520 1111 72.'J )22 252 2.14 7:.!ol 

Muku HU 17.a 1-17 .... :l IJ Ill 111.H llltl 

'l'ul•I b05 275 1171> 17.5 3H 13.tl 1,1132 

Sour,·1:: flr.ml..lin A:li:iod"l.:s. l.tJ. 



'I° 
VI 

PVC W•ler Uollle 

Unite,1 St.ale» 

Medco 

Tut.al Sulid W•:iole 

llUl'li Clu11ure 

Mexico 

Tul•I Solid W.a11te 

l'•ck•ge Total 

United St.aleli 

Mexico 

Tul•I Sulid W•~ile 

T.ib l.i tJ·l 

SOI.la> WASTli HY WlilGllT ANU VOl.UMli M>H MANUl1A< .. "l'UIU! 011100,000 
l'VC WATUlt UOTTl.liS 

l'rol'U»» W ••le flm:I W.u1tu l'u11lro1111111111ur Wd111h: 
'-H n1liiL: 1111.:lcr 1-t; n1hk IHl:lcr kt1 4•11hk 111clcr 

273 0.3·1 W7 1.2·1 

556 0.6lJ •Jo5 0.5tJ 11,1100 52.2 

tJ21) 1.113 l,.Jh2 l.K.1 11,UCHI S:Z.2 

11.tJO O<NHU 21.2 U.02b 350 3.5K 

cum 0.110111 21.2 U.112h 350 3.StJ 

273 11.3•1 W7 1.2.J 

556 0.61) ·IK6 0.61 11,:\511 55.11 

tJ30 1.11.J '·""~ I.HS 11,350 55.tJ 

Suun:c: h.in&..lin Assud.tlcs, I .hi. 

'f'ol;1I Sulhl W•111lu 

~ '-'1tllk mulu1· 

1,270 1.59 

12,1121 53.5 

13,21)1 55.1 I 
~ 372 3.60 
~ 

372 3.60 ~ 
c 
!: 

1,270 1.51) 

12,3\J:i 57.1 

13,663 58.7 



A~ Emissions(~ 
P.uuc-Jiares 
:-..ltrogen Oxides 
Hydrocarbons 
5ulfur OXJdes 
Cari:on Monoxide 
.-Uciehlfdes 
Mriwle 
Other OrgWcs 
~ 

. .\mmoni.a 

Lad 
~ Cubon Dioxide 
Hv.::cgm C"lloride 
M.erc-..:ry 
Ctlorine 
C"Wmium C.:mipcunds 

Manganese C.:>m!JOUnds 
'.\ticket C..:>m?<Junds 
Antimony 
Arsenic 

~iliwn 
C.1dnuum 
Cobalt 
5.tleruum 
Sulfunc .\aci 
:--.;a.:02 
!<02 
v:os 
'iinyi Ci.!onde ~fonomer 

5ource: F'ranklin .-\ssocaces, L:d. 

...,,..._mrrs.tm. 

SUMMA.RY OF A nlOSPHEIUC EMISSIONS FOR. 

Pzocess 
Emissioas 

LOS 
:3-!7 
I7-l 
iU 
t.J7 

iJ.086 

0.033 
:..J..l.E-i..'6 

!.52E-Ol 
0.0()18 

0.0014 

PVC WATEl B0TrLES 
(Emissiom ptt 100.000 itemsJ 

Uaill!d Sbtes 
fuel Toul 

£mis.Rons Emissions 

!6.-l i7.-' 
ol.5 69.6 
!38 312 

r.:..5 n.s 
:u Z:-.9 
0.:7 •)..!(, 

i).JZ 0.32 ,_ 
!..:7 -·· 

J.0014 O.OO:t 
ll.OC:7 J.036 
Q-0022 O.ooz:! 
:.!.316 Zl.316 

S.02E4 lS 3.32E-Jt 
1.00E-Oi 0.0019 

0.001-l 
0.0033 0.0053 
0.0090 ;l.0090 
il.0060 0.0060 

•lOO:S IJ.0025 
3.:0E .. J.l 3.:0E..J4 

U2E .. J.t L32E~>t 

7.00E.J:5 ::".OOE.,JS 
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Process 
Emissions 

o-~ 
i).39 
i.9.7 
5.:S 

O.IJSI 

18..'.l 

Ma:ico 
Fuel Tobi 

Emissions Emissions 

170 ii-3 
.;i..; oL-
91.1) !11 
m 338 
46.o -16.::-
1).SO •J..:6 
•J.:: il::! 
3.90 ~-90 

i.~""E.;J.4 s.ro""E .. J4 
0.019 ·11119 
a.or: tllll! 
:o~ :o~ 

5.-l6E .. '.).l 3.-l6E..U 
0.001! 0.0011 

0.16 0.!6 
0.013 J.013 
J.02! 11021 
tl.096 ll.096 

0.0020 0.0020 
0.0093 110093 

S.91E .. )t i.9tE~J4 

1>.<Xl81 ll.0081 
J.OO~o 0.0050 
0.0021 0.0011 

1-l.3 1-l.3 
H;"E .. )t -i.9iE~)t 

HIE.Jot HiE4 )t 

-l.97E..J.4 HiE..>t 
:s..; 



W~miJome Emissions tkg) 
-~d 

Metal Ion 
Dissolved Solids 
~SoW:is 
BOO 
coo 
Ph.!r10l 
5ulfides 
Cil 
5u1furic .\cid 
lron 

-~ 
Chromium 
Lad 
Zinc 
'.'.lckel 
Memzry 
~hates 

5ource: FtanJtlin .-\ssociares. Ud.. 

SUMM.u.y OF WA TER.IORNE EMISSIONS FOR 

PVC WATB BOTI ..ES 
fF.nissiom per 100,000 itemsl 

U.mdSbta 
PraaK fwel ToQJ. Pracas 

FnQcsioas Fmicaoas Emissioas Emisioas 

0..61 5.91E-0'1 0..61 0-'M6 
0..ll3S 0.013 0..00 
35.o i.M .U.i iJ9 
33' 0-0067 53' l.30 
3.50 t).tXJ73 3.50 3.31 
~.5 O.Q34 :6..3 ?.-ll 

0.00.C -UJSE-05 o.oon 
1>.18 o..:s l..:i2 
O.:il 0.15 0.!7 0.()65 

5.Ji o.Jl 
6..,""IJE .. J4 1..32 Lil 

il.0030 9.BE-04 iUXJ39 
i.liE-06 !JSE-06 9.;"2E-06 
6.00E-06 l.QSE-06 i.QSE-06 

0.00S2 l.33E-OS o.oosz 3.S9E..:J-t 
~-:E-06 :L~-06 
-t.97E-06 ~.97E--06 

ll.031 ll.0:31 l).Q023 

8-7 

:'t4aico 
fwel ToQJ. 

Emissions Emissioas 

-l02E-06 iJJU6 
O.t:ii6 0.()76 

3.35 5..7-t 
0.:7 Ui 
0.90 9.:;"I 
1.50 i.91 

0.017 0.01:;-
o.ron l.:i3 

0.97 1.1)3 
l~ 133 
0..39 0..39 
1116 0.!6 

0.0022 0.0022 
i.lJE--06 7.!JE--06 
!.04.E-04 -l94E-04 

O.oo!J 
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Disposal Energy md Environmental Emissions 

Table 8-5 presents the energy requirem~nts 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 petroleu.'"l\. 

The fuel-related environmental emissions for the operation of packer 
trucks and landfill equipment to dispose of postconsu."ller solid waste from the 
PVC water bottle systems are presented in Table 8-6. 
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T.ible 8-5 

ENERGY REQtJIREMENTs FOR DlSPOSAL OF 
PVC WATER. BOTil..ES 

(gigajoules for units disposed per 100,000 items> 

Packer l.indfill 
Truck Equipment 
Energy Energy 

PVC Water Bottles 
PVC Bottle 3.03 1-30 
HDPEOosure 0-21 0.1:! 
Package Total 3.24 1-92 

Stlurce: Franklin Associates, Ltd. 
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Total 
Disposal 

Energy 

-l.82 

il.33 
5.15 
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SUMMA&Y Of FUEL-llEUTED ENVDlONMENTAL EMISSIONS FOR 
DISPOSAL Of PVC WAnR BOTnES 

IEmissions far anits disposed per 100,000 ilals) 

Lmdfill Total 
Pan Truck Equipment DispcA 

Emissiaas Emissions E:Dissions 
Atmospheric~ !kg} 

?uucul.ab!S 0.31 0.18 O.-l9 
'.li~Oxides -l.118 !..U 0-::0 
Hyd.-oarbons 1.0-l D.02 Loo 
5u1fur Oxides 1l'J7 o.s; 1..5-l 
Cubon ~ono:ude Ul \1.77 :.GB 
. .\ideh ~-des 0.1)63 :J.Q3i 0.!0 
Medwie U9E..).l !.~E-04 ;"'.!tiE~ 

ether Crprucs o.3-lE~J6 i.06E-06 ~.1)9£-.15 

~ ~~ l.31E-07 3.33E..J7 
-~ 3.-lOE..).l :?.a"-E-M 5.-HE.J.l 
'-ad !.:SE.JS Lb""E-05 3.03E-J5 
~ Cut:on Dioxuie ~6 1-lO 3;"6 
:-:~Chlonde l.OOE~.15 5.94E-06 l.60E-'l5 
~en:ury 7.HE~J7 UlE-07 LI9E-l6 
CUonne l.76E..).l l.:l5E-04 ::!.SlE-'H 
C~um Compounds 6.:0E-06 3.67E-06 9.SiE-V6 
~~new C:impounds o.li&E-.J6 -UJSE-06 1.10E-1J5 
'.'iickel C.:impounds 5.SOE-<E i.OJE-'.15 l.08E..).l 
Annmon~ l.i6E .. J6 3.69E--07 !..33E-06 
.Vsenic -l.=f: .. )6 :SIE-06 6.73E..J6 
6ftyllium 3..:2£ .. 17 Z.09E-07 5.61E--Oi' 
CJdmium 5.:3E..)6 3.~0E-.16 S.J.IE-J6 
C.:iti.lt UiE..)6 Z.~E..16 ?.OOE-'J6 
5.!lenium l.3YE..J6 ~.-UE-07 :!.53E-J6 
5ulfunc ..\cd 0.0!1 il00b5 0.018 
'.'ia202 ?.75E .. J6 ·tOOE-06 UJl!E--05 
!<02 6.~-J6 -l.OOE .. J6 l.08E-.)5 
v:os o.:JE..J6 -tOOE-06 l.08E-il5 

Solid Wute 1kgJ o.:;9 ll.ZJ l}.112 
Solid 'Nute !c-.i :n) .+.86E..).l :.:!BE--04 7.7-lE-l-l 

Waremome Emwions 1k~ 
:\c1d o.01E-.J9 -l.OtE .. 19 L06E-J8 
~!eta! Ion I.:if.,).l 7.S3E-1l5 2.00E~ 
Dissolved Solid~ 0.005-l 0.0033 0.008i 
::i115pended Soiids u;:: .. )-l !.;"lE-04 7.18E~ 
aoo 0.0015 9.00E-04 0.002.+ 
coo 1).0Q""'..S IJ.0015 a.row 
?heno! 2.:-qe .. 15 l.69E-OS Hi"E .. )5 
Sulfides l.51E-05 9.HE-'l6 2 . .UE-15 
Oil 0.0015 9.lSE.-14 0.002-l 
Sulfunc .\Cid J..5-IE-'>S 2.1-lE-OS ;.68E .. J5 
Cron l.lJE-05 .).AJE-06 l.SlE .. JS 
Ammona.i !.55E-04 l..53E-04 UOE-1).l 
C\rorruum 3.60E-06 !.~8E-'l6 5.78E-'l6 
Lead 1.!:"E-08 7.i:OE-09 1.38E..J8 
Zinc 1.i!f.-01 l.O-lE .. 17 2.76E-07 

Source: franklin . .\$socates. Ltd. 
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Chapter9 

ENERGY AND ENVIRONMENT AL RESULTS 
FOR POL YPROP l'LENE 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 postconsurner 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 
polypropylene and HOPE 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 



T.al>le ~M 

ENERGY RllQUU<EMllNTS FOi( MANUl1ACTUlrn 011 100,000 POLYPltOl'Yl.l!N~ PANCAKI! SYl(UP CONTAIN ams 

P.-octililll llnerau'. Tritnsl:!urt .. tiun lim:rtn'. Enerau'. ut M.attirial Re111ource Total Enerisl'. 
Percent Percent Percent Percent 

GJ ot· Tot.ll q uf 'J'ol<ll CJ of 'l'ulill q of Tutal 

Polypropylene P.inc.ike Syrup Uottlea 

Uniled St.ilea 109 35% 15.6 5"!.. 186 60% 311 100% 

Mexico 5.62 100% 5.62 100"/., 

Tot•l Energy 109 35% 2l.2 7"1 .. 186 59% 317 100% I UDPE Closure illnd Cillp 

'° United Stilltea 28.5 45% 2.34 4% 32.9 52% 63.'7 100% I • N 

Mexico 11.96 100% 0.% 100% 

'fot•I llnergy 28.5 44% 3.30 5"/., 32.9 51% 64.6 100% § 
t•.ickillge Tot•I 

United Stilllea 138 37% 17 9 5% 219 58% 375 IUO% 

Mexico 6.59 1110% 6.59 JOO% 

Tut.ii l!nergy l:iH 36% 24.5 6% 219 57'Y.. 381 100% 

Source: franklin Assod<ltcs, Ltd. 



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 manufacture 
polypropylene and HOPE 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 polypropylene 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 HOPE closures. Included in 
this table is the postconsumer solid waste generated from disposal of the bottles 
and closures. 

Process solid waste accounts for 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-lb, 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. 

9-3 



T.ibh: 9-2 

ENERGY l'ROfll.ES HlK MANUfAC:l'Ultti Of 100,000 1'01.'Vl'ltOl''VLliNE l'ANCAKti SYKUI' CONTAINllltS 

(GJ pu 100,000 lhm111) 

E11cr1u: l'rntlh: 
N•turill 

Tol•l 
G.ui l'ctruleum Cu•I llyJrupuwer Nudur Wood Other Enersy 

l'ulyprupyhme l'•ncilke Syrup ButUea 

UniteJ Sl•les 227 57.4 111.6 11.90 7.04 IJ.60 311 

Muico 5.62 
5.62 

I Tut•l 227 03.0 1116 ll.90 7.11-1 11.60 317 

lllll'E CIUllure •nd C•p 

I '° United Sl•lcs '11111 Ill.I !Ull 1145 3.51 11.311 6;j.7 
I 

""" 
Mc id cu 11.IJb 

0.96 

§ Tut•l -1110 I I.I 9.30 045 3.51 0.30 6-1.6 

l'•~ .. •gc Tul•I 

UuilcJ St•ln 2b7 b7.5 27.IJ I.JS 111.6 11 !JU 375 

Mc.1d~·u 6 5\1 
b.5\.1 

Tut•I 267 74.1 27.IJ 1.35 111.6 11.!.l(I 381 . 
&>ur.:c: Fr.ml..lin A:.:;ud.tlc:>, l.tJ. 



T"l.Jle 9-3 

SOI.ID WASTE UY wmGllT ANI> VOl.UMU )1()1{ MANUJ1ACTUIU! 011 IU0,000 
l'OLYl'HOPYLl!Nli SYJWJ' uo·rn.Es 

l'roces111 W.a111te Fuel Wt1111le 1'01ilcon111unu:r WHte Total Solid Wa11te kg cubic mcltlr kg cubic meter kg cubic mch:r kg cubic meter 

Polypropylene Syrup BottleM 

United States 15.5 0.019 262 0.3'.l 277 0.35 

Mexico 0.68 8.SE-04 3,425 16.3 3,426 16.3 

I TotAI Solid Wute 15.5 U.ol9 263 0.33 3,425 16.3 3,703 16.6 

llDl'E Cluiture •md Cap 

! 
..l) 
I 

01 United Stales 1.99 7.6E-04 128 0.16 130 0.16 

Mexico 0.!2 l.41!-04 585 5.98 585 5.98 ~ 
r .. 
~ Total Solid Walite 1.99 7.6E-04 128 0.16 585 5.98 715 6.14 

l't1ck.age Total 

Unih.iJ Sl.tle111 17.5 0.020 390 () 49 407 0.51 

Mexic:o 0.79 9.9E-04 4,010 22.2 4,011 22.2 

Tot.ti Solid \\'•11le 17.5 0.020 390 0.49 4,0JU 22.2 4,418 22.7 

Soun:c: r:r.mklin A:oso~'i"tc::;, l.IJ. 
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Tmle9-tl 

SUMMARY OF ATMOSPHERIC EMISSIONS FOR 
POLYPROPYLENE PANCAKE SYllUP CONTAINERS 

(Emissions per 100.000 itrms) 

United States 
Process Fuel Total Process 

Emissions Emissions Emissions Emissions 
Atmospheric Emissions (kg} 

PaniC'.ilates L29 i.12 8.-11 
:'111trogen Oxides ·U4 30.3 34.7 
HycirocarDons 102 58.6 161 
Sulfur Oxides 3.36 32.9 38.3 
CirOon Monoxide 0.94 16.5 I .. -1.:J 

. .\ldehydes 0.041 0.27 0.31 
Methane 0.13 0.13 
Other Orgarucs us us 
~ 0.0010 0.0010 
Ammonia 0.0053 0.0021 O.OOiS 
Lad U6E-06 8.37E-04 3.58E-04 
Fossil Carbon Dioxide 9.176 9.175 
Hydrogen C-Uoride l.3iE-04 6.22£-05 2.:0E-04 
Mercury 3.87£-05 3.87E-05 
Ctlorine 2.IOE-04 2.lOE-04 
Ciromium C.:im!'ou.~ds 0.0021 0.0021 
~langanese C"m!'ounds 0.0035 0.0035 
:'.liickel Compounds 0.0023 0.0023 
Antimony 
.·\rseruc 0.0011 0.0011 
~Ubm I.24E-04 l.24£-04 
Cidmium 
C.Jbait 7.00E-05 7.00E-05 
Seieruum 2.69E-05 !.69E-05 
Stlifuric Aod 
~aZ02 

!<02 
V:OS 

Source: Franklin Assoaates, Ltd. 
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Mexico 

Fuel Total 
Emissions Emissions 

0.56 0.36 
3.TT 3:;-: 
2.13 !.!3 
1.97 l.9i 
t.52 t.52 
0.10 0.10 

9.14£-04 9.14£-04 
2.04 2..J4 

t..:lE--07 451E-07 
6.92E-04 6.92E-V4 
t..65E-05 -1.roc-OS 

477 -177 
2.04E-05 2.04E-05 
152E-06 1.52E-06 
3.59E-04 3.59E-04 
L26E-05 t ~E-05 

HOE-05 ~E-05 

l.38E-04 1.38E-04 
2.98E-06 2.98E ... J6 
8.60E-06 3.60E~J6 

7.16E--07 7.16E-07 
L07E-05 I.07£-05 
8.44E-06 8.44E--06 
3.24£-06 3.24E...J6 

0.022 0.022 
1.37E-05 l.37E-05 
1.37E-05 l.37E-05 
1.37E-05 l.37E-05 



Waterborne Emissions (kg) 
Acd 
Metal Ion 
Dissolved Solids 
Suspe:u:ied Solids 
300 
coo 
P!lenoi 
Sulfides 
Oil 
SuifuncAad 
£ron 
Ammonia 
Cvomium 
Uad 
Zinc 
?!l0$hares 

Source: Franklin ASSOciates. L:d_ 

Tule'-'b 

SUMMARY OF WATERBORNE EMISSIONS FOR 
POL YPROPYI.ENE PAJ.'lC.\KE SYRUP COllIT AlNERS 

<Emissions pu 100.000 itmas) 

United States 
Process Fuel Total Process 

Emissions Emisrioas Emissions Emissions 

J-53 -1.58E-ll7 0.53 
J.02:? O.oo97 J.031 
l·U 5.81 ::0.1 
'~- IJ.0051 !..33 '~ 
J.7i 0.0056 0.:7 
'~ 
__ , .. 

0.()27 !.74 
7.96E--OS 3.14E..JS L!lE-04 

0.!4 0-14 
0.32 0-13 0.46 

2-35 :JS 
-1.~C:.J.t 0.59 0-39 

0.0019 i .37E--Ool 0.0026 
-l.61E..J6 U2E--06 6.-13E-06 
2-06E--06 3.!2E-07 2.3i'E-06 

O.OC-15 l.!9E-05 0.0045 
:).:)27 .J.027 
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Mm co 
Fael Total 

Emissians Emissions 

!.50E..J7 l.50E-07 
0.0028 1100"'..S 

0.:2 0.1: 
0-010 0.r.JlO 
0_03-4 1ltl3-l 
0-0:6 0056 

6..33E-.J4 ?..33E'14 
H3E...J-I H3E--J4 

•llJ3.!. 0.()3.l 
3.a.IE--04 3.(}4£-1}4 
~E--04 2-'"6E-04 

0.0053 Q_0058 
S.liE-05 i.liE.;J5 
:?-66E ... r, 2.66E-07 
3.90E..J6 3.90E-06 



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 .n 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 r~urce 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 t..'1e 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 wast\? 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 Rl!QUIREMENTS FOlt MANUl:ACTUHE Ol1 100,000 WOVliN POLVl'HOJ1 Yl.tiNE SUGAI{ SACKS 

Sugar Sacks 

Uniled Slttte11 

Mexico 

Tol•I Energy 

Procea» Ener11y_ 
Pi:rccnt 

GJ of Tot"I 

277 3.&'Yu 

112 83% 

389 41% 

S..1ul'l.'\.'.: Pa·.ml..lin Assod,1tcs. l.td. 

THnitpurlttllun linergy 
Pcn~cnt 

CJ of Tuli1l 

B.6 2% 

22.7 17'Y., 

36.3 4% 

llnergy of Mtth1rl•I ltuauur~u 
Percent 

GJ 01· '1'111.11 

512 64% 

512 55% 

Tot1I Energy 
P!!rcent 

CJ of Totitl 

803 JOO% 

135 JOO% 

~38 JOO% 
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'P Sug•r S.ad•lli ..... ..... 
Unitud St.ales 

Mexico 

Tot•I Solid Wallile 

T•ble 9-7 

SOI.Ill WASTI! UY \VL:IGllT ANI> VOl.Ul\-11! lo'LJH MANUllAC..TlJIUl 011 'I00,000 
WUVl!N 1'01.\'l'HOPYl.liNJ: SUGAI< SACKS 

Prncu»» Wo1111tu ----kg cul1k 111clcr 
l1uul Wll»h: 

kg -l.'Ul.lic Ill~ 
Pu11lcon»11111ur W•aile 

kg l.'uliic 111ctcr 

33.0 U.O.jJ 531 0.24 

55.8 0.070 23!> ll.30 9,500 24.IJ 
88.8 U. IJ 7711 0.54 9,500 

Souan~: frllnklin Associ<1lc:;, I.hf. 
2·j,() 

Tul•I Solid W•11le 
lo.g ,·ul>lc m~tl!r 

564 IJ.28 

9,795 24.4 

I0,359 24.6 
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Tible9-la 

St.'MMAlt'Y OF ATMOSPHERIC EMISSIONS FOR 
WOVEN POL YPllOPYLENE SUGAR. SACKS 

!Emissions per UI0,000 itemsl 

l;nitedSbte 
Process Fuel ToQI Process 

Emissions Emissions Emissions Emissions 
. .\tmostpheric E:russions (kg) 

?utiC'..liateS , ~,l 3.05 10.9 :.31 
:-.iltrogen Oxides iO."' -i03 50.9 

Hydrocarbons :39 l~ 365 
:iuifur Oxides 11..5 ·Md ;g3 
Clrl>on Monoxide :..~9 ~95 :I.6 
.\iaehydes l}.Q95 Q.18 o.:s 
'.\.tethane 0.:5 \J.:S 
Other Orgarucs :?.36 :.36 
Kerosene 11.001-1 0.001"' 
Ammonia 1101: tl.OOIS •).OU 
Lild H3E .. J6 1)0012 0.001: 
iossil C.irbon Dioxide !6.309 ~6.509 

:iydrogen Cnionde 3.68E-t..'4 5.i3E--05 -t:JE--04 
'.\.lerc.uy .i63E.US :.~""£..;JS 

C'liorine -l90E .. J.l -t90E-U4 
C'l.P\louwn C.Jmpounds 0.0030 110030 
'.\.langanese C;Jmpounds 0.0048 0.0048 
:--;iclcei C.Jmpounds 0.0035 0.0035 
Anlimonv 
.l..-s.mic u.0015 0.0015 
Beryllium L""'lE...J.l ~-:1E .. J.l 
C.1cinuum 
C.Jcalt U5E..J4 :.l5E--04 
Seieruwn -t-t3E .. J5 -li3E .. JS 
5uifunc Acd 
:-.:a:02 
KO! 
v:os 

Source: Fraruilin Assoaates. Ltd. 
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'.l.fexico 
Fuel Total 

Emissions Emissions 

9.:-6 i:..1 
35.ii 35.6 
36.-1 36.-1 
161 !61 
:9.3 19.5 
•HI 0.-11 

\)J)91 0.091 
~ ~-. ...J..) S..33 

i.:"'E..J.l -l:4E-04 
0.010 Q.010 

0.0057 0.0057 
9.(197 9J11i 

2.'J4E-04 2.94E-+l4 
5.33E-+J.l 5 . .33E .. J.l 

i)_Qi9 0.079 
u.0076 00076 

Q.010 0.010 
1).04/ 0.04/ 

~ 68E-.J.l 9.08E-4J.l 
.J_tJO.ls 0.0045 

u;"E..J.1 -l..37E-04 
O.IJO.IO 110040 
0.0027 0.0027 
;1.0011 1).0011 

7'.00 7'.00 
!.J:f.,)4 1..32E-04 
1..32E-04 1..32E...J4 
:..J2f..;)4 1..32E-0-4 



Wiiterbornr Emissions (kg) 
Acid 
Metal Ion 
Dissolved Solids 
Suspended Solids 
aoo 
coo 
Phenol 
SuUides 
Oil 
5ulfunc Acid 
iron 
Ammonia 
Chromium 
lead 
enc 

Phosphates 

Source: Franidin Assoc.ares. L.."d.. 

Table9-8b 

SL'MMA.llY OF WATERBORNE EMISSIONS FOR 
WOVEN POLYPROPYLENE SUCAll SACICS 

<Emissions per 100.000 items> 

United States 
Proasa Fuel ToGI Process 

Emissions Emissions Emissions Emissions 

1.14 t.OOE-07 Di 
0.051 0.0085 0.ll59 
33.6 5.-!9 39.l 
HS 0.0CJ.;5 H8 
l.99 110049 2.00 
U3 •).D23 U7 

1.86E-.>4 :.7-1£-05 :..I4E-.J.l 
0.56 il.56 
o.;s 022 0.97 

3.21 3.21 
0.0010 o.so o.~ 
O.QO.M 6 . .JJE--04 0.0050 

l.JSE-115 !.39E-06 l.ZtE-05 
4.81E-'-16 7.09E-07 5.32E-06 

o.ou l.04E-HS 0.011 
0.063 0.063 
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Mexico 
Fuel Tobi 

Emissions Emissions 

2.16E--06 :.16E-06 
0-041 0.0-ll 

LiO LiO 
0.13 0.15 
iU9 o.~9 
tl8l J.Sl 

O.OC9l 0.0091 
0.0049 0.0049 

0.31 0.51 
o.:-6 o.:-6 
0.19 0.19 

0.083 0.083 
0.0012 0.0012 

J.8-lE-06 J.84E-06 
5.62E--05 5.62E-OS 



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 
polypropylene pancake syrup bottle systems and the woven polypropylene 
sugar sacks. 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 
polypropylene pancake syrup bottle systems and the woven polypropylene 
sugar sacks are presented in Tables 9-10 and 9-11, respectively. 
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Table 9-9 

El'lERGY REQUIREMENTS FOR DISPOSAL OF 
POLPROPYLENE PACKAGING 

(gigajoules for units disposed per 100,000 items) 

Packer landfill 
Truck Equipment 
Energy Energy 

Polypropylene Pancake Syrup Bottle 
Polypropylene Bottle 0.94 0.56 
Polypropylene Closure and Cap 0.34 0.21 
Package Total 1.29 0.76 

Woven Polypropylene Sugar Sack 1.40 O.S3 

Source: Franklin Associates, Ltd. 
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T•te~lO 

SUMMARY OF FUEL-REI.A TED ENVUtONMENTAL EMISSIONS FOR 
DISPOSAL OF POl YPROPYUNE PANCAKE sntUP CONTAINERS 

!Emissions for units disposed ~r 100.000 items) 

t.mdfill Tout 
PxkuTruck Equipment DispoH1 

Emissions Emissions Emissions 
Atmosphenc EmisslOTIS I kg} 

?;irtiC'ate 0.!~ o.~ 0.19 
Yltrogen Oxides l ·7 ·°"- 0.96 L~ 

H~rbons 'l-'l 025 tl.66 
Sulfur Oxides t).38 0.:3 0.01 
Cubon '.\.lonoXJde 0.52 O.Jl 0.83 
-~deh'.'Cfes 0.0"'.S O.oIS •lC-W 
Metl1a11e L""9E-).I !.J6E-1J.1 ~E-.).1 

Other Orpnio ~-:E-06 l.:i2E-'J6 i.3-'E .. J6 
r<.erosete 3.8.3E-J8 5.Z4E--08 UIE-07 
-~ L35E•J.I 3.0JE-<15 :!..!6E-Ool 
~ad 9.08E .. )6 ;..39E...J6 USE.;JS 
Fossd url>on Dioxide 93.9 55.:- 150 
Hyd~ Ctlonde 3.99E-.J6 ~7E...J6 .;.36E~Jt; 

Me!'C'..lty 2.96E-Oi t.:-6E-J'i -t.7:E--Oi 
Ctlonne :"O"-E-iJ5 u;r: ... 15 !.:.:E-.).1 
Ci..-om1um Compounds :.-';"E-06 l.-16E-06 3.93E-.J6 
'.'.lanpnese Compounds 2.7-'E...J6 l.62E-06 -'.36E..,J6 
:--iicicel Compounds :.:-tE-05 l.61E-05 -t.JlE-05 
Antimon~ i53E~Ji H6E .. J7 9:9E-.r. 
-~C l.06E .. J6 ~.98£ .. ']7 :.:iSE-1>6 
3erylliurn UOE--Oi 3.32£--08 :~E..J7 

uc:imiurn :.osE-J6 t.:-'£-J6 3..32£ .. )6 

C.Jbait l.05E-J6 ~.79E .. J7 :.:>3E~l6 

5.?ieruurn o.J3E-Ji 3.:"6E--Oi ~.:JlE-'lf 

Suilunc Ac'.c:i o.oou 0.0026 o.oo;o 
;..;a,;:02 2.~E..,J6 l.OOE .. J6 -t.:SE~J6 
!<01 !..~E...J6 l.60E-•l6 -t.:SE-.J6 
V:05 ~.:;9E-.'l6 !.OOE...J6 -t.:SE-06 

5olid Waste \k~) '115 0.092 o.:s 
5olid Waste 1cu ml l.~-0-l !.l5E-U4 3.08£ .. )4 

Waterborne Erruss!Of\5 '~ 
Acid i:..olE-.19 -t.OlE-119 l.:J6£..,18 
~letal!on LZ-'E-14 7.5JE-05 :.OOE-04 
Dissolved Solids 0.0054 0.0033 •J.008i 
Suspended Solids .u;r: .. 14 !.7tf ... )4 7 !8£ .. J.J 
~D 0.0015 9.00E-.'}i 1).()()2"' 
COD 0.0025 1).0015 •J.OOIO 
Phenol ~.;"9f .. )5 l.o9E .. J5 ·t-ii'E--05 
Sulfides l.51E-.l5 ~-!4E..;J6 :-l:E-.J5 
Oil 0.0015 9.ISE-04 0.002-l 
Sul!unc Ac:d l5"'E-<l5 2.HE-QS ;.naE-·JS 
rron LlJE-05 e . .i3E--06 l.31E-<15 
Ammonia !.55E-<l4 l.55E .. l4 UOE4' 
Chromium lbOE--06 2.18E-06 ~.;'8E·ll6 
~ad U:"E-08 :" IOE-119 l . .:ilJE.,JS 
Zinc l.;"2£--07 l.l).tE.J?' 1.:"6E-.J7 

5ource: rranklin Assoaares. L:d. 
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T~le~ll 

SUMMAllY OF FUEL-REI.A TED ENVIRONMENTAL EMISSIONS FOR 
DISPOSAL OF WOVEN POL YPROPYI.ENE SUGAR SACI<S 

!Emissions for llllits disposed per 100.000 itals) 

Undfill ToQI 
PacbrTruck Equipment Disposal 

Emissions Emissions Emissions 
Atmospheric Emissior1' (~ 

Puticu!all!S !U3 0 .. 078 ~l 
:'llitrogm Oxides t.:7 Ul4 :?..SI 
Hydrocarbons 0.-l.5 0.27 O.i2 
Sulfur Oxides o . .u 025 0.66 
Cubon Monoxide 0.56 0..33 0.90 
-~ydes ().027 0.016 0.00 
Methime 1.9-&E~J.l 1.1SE~'l4 3.09E..J4 
Other Otganics 2.96E-06 1 .. --IE-06 L-OE-\J6 
!<.!rosene 9.59E-IJ8 5 .. 66E ... l8 LS2E-.17 
Ammorua L-IJ""E.;J4 8..6i"E--05 ~-.)4 
lad 9.88E-\J6 5.82f-06 l.37E~ 
Fossil Urban OioXJde UT' 60.l 162 
Hycirogm Chlonde ·U4E-06 :?..56E-06 6.scJE-06 
Mercury 3.:1E~Ji L90E ... li 5.lZE-Oi 
Chlonlle 7.6.3£-4)5 -LSOE-05 l.~l.E-0-I 
Chromium Cllmpounds 2.68E-06 l.38E-06 -l..26E-\J6 
Manganese Compounds 2.98E-06 Li"SE-06 t.i'3E-06 
:'llidcel GJmpounds 2.9-&E-05 :.:JE-05 -1.68E~l5 
Antimon~ 6.34E .. li 3.7-IE-Oi LOI.E~l6 
. .\rseruc l.S3E-'J6 1.08E...J6 !.91E-\J6 
Beryllium l.52f .. )7 8.98E--08 !.UE-v7 
Ctdmiwn 2.17E-06 l..34E ... J6 3.60E...J6 
C.Jba!t l.:'9E~16 I.06E ... l6 !.SSE.;)6 
Se!auwn 6.a&E .. )i -l.06E-.Ji 1.()9£ .. )6 
5ulfunc Acid 0.0008 O.Q028 0.00i6 
:'ll1"'JZ 2.92E-06 I.i2E .. J6 t.OolE~l6 
!<02 !.92f .. )6 I. :":E--06 -l.OolE...:16 
V205 !.92f.;)6 L:":E...J6 -1.o..£~)6 

Solid Waste(~) 0.17 0.10 0.:7 
Solid Waste (cu ml 2.lOE-04 l.1-IE-\14 3.HE-11-I 

Waterbome Emissions (k~ 
. .\c"Jd 6.61E .. J9 -1.0lE-09 1.06E-<l8 
Metal Ion 1.::-1£-0-& 7.5JE-1JS !.OOE-04 
Dissolved Solids O.OQS.l 0.0033 0.008i 
Suspended Solids UiE-04 !.ilE-\14 7.lSE-04 
BOO 0.0015 9.00E-'J4 0.002-1 coo 0.0025 0.0015 O.OOIO 
Phenol 2.79E-'l5 1.69E-05 ·'-"l7E-il5 
Suifides l.51E-U5 9.lolE-06 !.UE..J5 
Oil 0.0015 9.!SE-04 0.002-1 
Sulfunc .-\dd 3.54£-05 2.14.E-05 5.68E-03 
Iron 1.lJE--05 6.83E-06 UIE-05 
Ammonia 2.55E-04 l.55E..IJ4 UOE~ 
Chromium 3.60£-06 2.lSE-06 3.iSE-06 
lad UiE--08 7.tOE-09 l.88E-JS 
Zinc l.7"'...E--07 1.0ol.E-07 2.76E--07 

Source: FranXJin Assoaares. Lrd. 
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Chapter IO 

ENERGY AND ENVIRONMENT AL 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: 

• 2-10 ml high-impact polystyrene (HIPS) yogurt 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 polystyrene 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 polystyrene packaging systems 
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 y(exico 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 L"nited 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 Stat~s. Data for prnduction 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 wt:re 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 l!nited 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 energy 
usage is categorized by country and grouped by container and seal. 

Process energy accounts for about 50 percent of the total energy for the 
system. The HIPS contaL'ler 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 WaJte 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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T11bh: 'I0-1 

ENEltGY IU!QUmEMENTS l'<llt MANUl;ACTUIU! (W 'I00,0110 I lll'S YOGUlff CONTAINrms 

l'nu:<;sli l!ner1U:'. Tr.initpul'ldlion Enc1»L Encrsl of M.tlerl.tl ltcsoun:e Tolal Enersl:'. 
Percent Per~·enl Percent Pcrce:nt 

CJ uiTotdl l;J of Tut.11 CJ of Total GJ of Total 

lllPS Yugurl Cunlainers 

Uniled Slale11 i.23 31% 0.10 3'" 7u 2.62 66% 3.95 100% 

Mexico 5~.5 47% 3.15 3'Yu 62.2 50% ~24 JOO% 

I Tut.ii Energy 59.7 47% 3.25 3% 64.8 51% 128 100"/ .. 

..... Aluminum Foil Se.111 

~ 
0 
I w 

United Slaleli 8.25 88"' tl.36 '1% ll.81 \>% 9.41 100% , .. 
Mexico 1).()71 100% 0.071 100% ~ 

§ 
Toi.ii Enea·gy H.25 87'Yu 0.43 4% 0.81 9% 9.48 100% 

Po11ck.ige Tul•l 

United Slale11 9.48 71% 0.46 3% 3.43 26% 13.4 JIK)% 

Mexku 58.5 47% 3.22 3% 62.2 50% 124 100% 

Tu:o1l l!nergy 6'.1.0 50% 3.67 3% 65.6 48% 137 100% 

Smm:e: Frnnklin Assuddlcs, 1.td. 



T"ble I0-2 

l:NEKGY 1•1mMt.ES l'OK MANUMCTUIH! oi; IOU,000 llll'S YOCUltT CONTAINl!llS 
CCJ per 100,000 ltemi;• 

liner1n l'rufile 
Nillm•I 'ful•I 

G;as l'etruleum Cu•I llyJropuwer NudHr Wuud Oll111r 1!1111r1y 

lllPS Yogurt Conl•lneni 

UniteJ Sl•l1:11 3.tt3 018 0.15 tUkl'/J 111157 u.oo ... 4.02 

Mellko -l'J 4 Ml I H8 l.H-1 l.!7' J 38 J24 

I Tut•I 53 I bH.2 2113 I H-1 1.23 1.3!1 12H 

Aluminum 1:uil Se.ii 

I 
~ 
0 

I 
~ Unih:d Sl•le11 21-1 J .5-1 J:ih 1.5-1 II.HI ll.016 !.l.ol I 

Mellicu 0.071 ll.071 § 
Tut•I 21-1 1.61 3.36 J.5.a ll.HI 11.11)6 !.l.4H 

l'""·k•ge 'ful•I 

llnileJ St•te11 5.?c\ 1.72 ].52 1.55 U H7 0.o21 13.4 

Mexku ""-" Od.I 1.88 J.84 1.17 1.38 124 

Tot•I 55.2 b'J.9 5.39 3.38 2.05 J .41 J37 

Suurci:: Fr.mlo..lin As:.m·i,lles, l.td. 



T.1blc IU·3 

SOI.ID WASTE UY Wl!IGllT AND VOLUME 110lt MANUFACTUltlJ CW IOU,000 
1111•s Y()( ;u1n CUNTAINlil(S 

Pn1('t'lili W.u1tc Fuel W.u1tc l'11111cornn11ucr Wi11tle 'l'ol.sl Solid Wt11ile 
kH t:ubk meter kg cuhk meter kg cul>k meh!r k~ cubic nh:lcr 

lllPS Yogurt Cont.siners 

United St.ues 0.038 4.8E 05 2.15 U.11027 2.1~ 0.(l027 

Mexico 44.2 0.055 62.'J 0.07~ 1,171 5.5b 1,278 5.69 I Tot.ti SoliJ Wt1sle 44.2 0.055 65.0 0.081 1,171 5.56 1,280 5.70 

....... Aluminum l;oil Se.ti 

I 0 • Ul 

Unitetl States 73.2 O.O'JI 42.'J 11.0S·J lib 0.14 

Mexico 0.0085 1.11:.tlS 41.l 0.13 41. l 0.13 a 
Tut.ii SoliJ W.ash: 7'.i.2 0.091 42. ') 0.054 •l 1.1 11.13 157 0.27 

P.u:k.ige Tot.al 

UniteJ Stales 73.3 0.091 -lS.O 11.056 118 0.15 

MeJ(ico H.2 l>.055 62.9 0.079 1,212 5.t>H 1,319 5.82 

Tot .. I Sulhl W.istc 117 0.15 Wb 0.13 1,212 5.b8 l ,<j37 5.97 

Suurt-c: Pr.mUin Assuddles, Ltd. 



....... ASSOCIATES. LID 

Process solid waste accounts for about e;ght 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 lilPS 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 Requiren1ents. 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. 

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

Table 10-6 pre~ents the energy profile for production of EPS crates. 
Natural gas accounts for about 32 percent of the total energy for the system, ar.d 
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 poskonsumer solid waste 
generated from disposal of the crates. 

Process solid waste accounts for about one percent of the total solid waste 
weight and less th.m one percent of the total solid waste volume for the system. 
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Atmospheric Emissions (kg) 
Particulates 

~trogen Oxides 
Hydrocarbons 
SuHur Oxides 
Carbon Monoxide 
Aid eh yd es 
Metltane 
Other Organics 
Kerosene 
Ammonia 
Lead 

Hydrogen Fluoride 
f055il Carbon Dioxide 
Hydrogen Chloride 
Mercury 
Chlorine 

Chromium Compounds 
Manganese Compounds 
~idce! Compounds 
Antimony 
Arsenic 
Beryllium 
Cadmium 
Cobalt 
Selenium 

SuUunc Acid 
~a202 
!<02 
vzos 

Source: franJdin Assocates, Ltd. 
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Table lo-&a 

StJMM.uy OF ATMOSPHERIC EMISSIONS FOR 
HIPS YOCUitT CONTAINERS 
<Emissions per 100.000 items> 

United States 
Process Fud Tota! Process Emissions Emissions Emissions Emissions 

1.6"1 0.68 2.31 0.46 0.DIS ... .., 
l.13 1.5-l 

~1-

2.13 :.!>2 U6 .;t;_z 0.75 3 . .W U9 --, .::i 4.IZ ()_;'6 -l.87 0.13 5.iE-04 0-0080 0.0086 0.080 
0.0052 0.0052 
0.051 0.051 ll.!8 S.1£ .. JS S.2E~ 

UE-04 l.OE-J4 5..zE--04 0.056 2.0E-08 9.9E~ 9.9E-<JS I.if .. J6 0.090 0.090 
61..3 363 626 

2.:E--06 3.IE-06 5.JE .. 'J6 l.3E-Q.l UE--06 -l.JE--06 6.lf--06 
-1.7°..:~~ 

-'-iE--06 ll.0020 2.5E.,J4 l.3E-U4 
-1.iE--04 4.IE-04 
!JE-0.I 2.3E-04 
UE--07 I.-lE .. Ji 
l.JE--04 !.JE--04 
l.SC--05 l.5E--05 
Z.ZE~ 2.ZE--06 
5.6E-J6 5.iJE--06 
UE--06 !ZE--06 
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Mexico 
Fuel Tota! 

Emissions Emissions 

2.57 3.03 
11.i 13.J 
29.3 75.7 
51..3 39.1 
-:-, 
I .1 - 7.35 

0.086 0.17 
0.059 (J.039 

I .,4 
-~ 1.-U 

I.1E-tl4 l.!E-U4 
0.0025 0.058 
0.0019 0.0019 

4.944 -1.944 
7.5E-OS UE-04 
L4E-Q.l L4E-04 

0.021 0.023 
0.0020 0.0020 
0.0028 0.0028 
0.013 •1013 

2.:JE--04 !.oE .. J-1 
0.001: 0.001: 

1.ZE.,J.l l.ZE--04 
0.0011 0.0011 

i.-lE..;14 7'.iE-iJ4 
2.9E-04 !.9£.,14 

1.93 1.93 
1.9E-04 1.9E--04 
l.9E-04 1.9£.,)4 
l.9E--04 1.9E--04 



Waterborne Emissions (kg) 
Acid 
Metal Con 
Dissolved Solids 
Suspended Solids 
BOO 
coo 
Phenol 
Sulfides 
Oil 
Sulfuric Acid 
lron 
Hydroarbons 
Ammonia 
Chromium 
Lead 
Zinc 
Fluorides 
Cyarude 
:-.ii de el 
Mercury 
Phosph.ues 
Ctloride 

......... ASSOCIATES. LID 

TmleiCMb 

SUMMAR". OF WATERBORNE 'EMISSIONS FOR 
HIPS YOCUR.T CONTAINERS 

CEmissiom per 100.000 items) 

United Stam 
Process Fuel 

Emissions Emissions 

0.0094 2.JE--08 
0.022 ~£ ... )4 
0 ~, -· o.zs 
1.()3 ~:iE ... )4 

Q.l! :..~E-04 

0.95 J.0013 
";.5£ ... 16 bE-06 
5.0E-07 

0.19 0.0056 
0.1S 

00023 O.\JiO 

0.0044 3.iE-05 
UE-08 9.0E-08 
3.1E-<.l8 -tOE-08 
-l.1£417 5.9E..\J7 

0.013 
lAE..JS 
2.;'E--09 
-l.9E--09 

0.038 

Total 
Emissions 

0.0094 
0.02:! 
0.50. 
1.03 
0.1: 
0.95 

9.0E-06 
5.0E-07 

0 . .:0 
il.::.S 

0.0/1 

0.004-I 
1.5£-07 
7.2£ .. )8 

l.OE...J6 
0.013 

l.-lE-05 
~;"E..;)9 

-l.9E..;J9 
0.038 

Process 
Emissions 

0.041 
0.020 

-tS5 
v.74 
:J.5a 
!.17 

•l.013 
0.030 

0..34 

-l.OE-J4 
0.0011 
0.00 

5.9E-O-l 
l.9E-06 
3.7£..,)4 

0.0035 
'5.lf-1)4 

Source: Franklin Assoaates, Ltd. 
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Mexico 
fuel 

Emissions 

5.5E..;J7 
0.010 

0.-16 
0.037 
0.12 
O.!l 

0.0023 
0.0013 

0.15 
0.:0 

0.050 

0.021 
3.0E-04 
9.8E-07 
1.-1£-.15 

Total 
Emissions 

0.041 
0.031 
5.J1 
O.ii 
:J.:-0 
1..37 

0.016 
1).031 
0.-!9 
0 . .:0 

1J.05il 
0.0011 
0.063 

3.9E-04 
:..9E-06 
3.9E-iJ4 

0.0035 
o.!E-04 



....... 
c: 

I 
\L 

E:w;panJe,t Polyitlyrene Crates 

Me:w;ku 

Total Enll!rgy 

Source: Frcmldin As;;uci.itcs, Ltd. 

T.-blc I0-5 

ENt:ltGY HEQUIHEMENTS H>lt l\tANUFAC..TUIU! 011 100,000 l!l'S CHA'fl!S 

1'.-ocess Energy 
Pcn:cnl 

(;j of Total 

3,181 60% 

3,181 60% 

Tr.-nspcu 1.-tion Energy 
Pcn·cul 

q o:· Tulul 

229 4% 

22\J 4% 

Energy of M.tlcl'ial Hesourcc 
l'c;·._·._.nl 

q of 'l'ol<1l 

1,908 36% 

1,908 36"/u 

Tol•I Energy 
Pcrccnl 

CJ of Total 

5,318 IOO% 

5,318 100% 

I 
j 
§ 
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Table 10-7 

SOI.ID WAST!! UY Wl!IGUT ANll VOl.UMI! 110H MANUl1ALTUIU! CW IU0,000 lil'S CU ATES 

Process Wa»te 111u:I W.ute Pm1tcon»umer Woulte Total Solid Waste 
kg cubic mclcr kg cubic lllch:r kg l'11bic 111clcr kg cubic meter 

l!xpandeJ l'olylilyrcne Cr.ate» 

Mexico 455 tl.57 2,638 3.29 32,700 334 35,793 338 

Total Solid Waste 455 0.57 2,638 3.29 32,700 334 35,793 338 

Suun."C: Fr.mklin Assodatcs, Ltd. 

I 
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Fuel related solid-waste makes up about seven percent of the total solid 
waste weight and c,ne percent of the total solid waste volume. 

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

Atmospheric and Waterborne Emissions. The total atmospheric 
and waterborne e:missions for manufacturing EPS crates are presented in Table 
10-Ba 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 Emissioni; 

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. 

10-12 
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Table 10-& 

SUMMARY OF ATMOSPHERIC EMISSIONS FOR 
EPSCRATES 

CEmissions per 100,000 items) 

Process Fuel Total 
Emissions Emissions Emissions 

Atmospheric Emissions (kg) 
Particulates 13.6 184 197 
)J°itrogen Oxides -18.0 -193 541 
Hydrocarbons 1..365 1..347 2.i12 
Sulfur Oxides '!17 -1.047 4.27-l 
Carbon Monoxide 3.69 553 55i 
Aldehvdes 2.43 -too 6.-12 
Methane 2.52 2.52 
Other Organics 155 97.6 252 
Kerosene 0.0045 0.0045 
Ammonia 1.64 0".21 1.35 
Lead -l.3E-05 0.13 0.13 
Fossil Carbon Dioxide 264.5-li 264 .... ~7 
Hydrogen Chloride 0.0046 0.0063 Cl.011 
~ierC'.iry 0.012 0.012 
Chlorine 0.061 0.88 0.94 
Chromium C:impounds 0.11 0.11 
Manganese Compounds 0.13 0.13 
Nickel Compounds 1.12 1.12 
Antimony 0.024 0.024 
Arsenic 0.07-l 0.07-l 
Beryllium 0.0063 0.0063 
Cadmium 0.087 0.087 
Cobalt 0.068 0.068 
Selenium 0.026 0.026 
Sulfuric Acid 171 171 
Na202 0.0089 0.0089 
K02 0.0089 0.0089 
V205 0.0089 0.0089 
Styrene ~lonomer 19.0 19.0 

Source: Franklin Associates, Ltd. 
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Table l~b 

SUMMARY OF WATERBORNE WASTES FOR 
EPSCRATES 

(Emissions per 100,000 items) 

Mexico 
Process Fuel Total 

Emissions Emissions Emissions 
Waterborne Wastes (kg) 

Acid 2..57 HE--05 ., --__ :;, 
:Yletal Ion 0.64 0.87 1.50 
Dissolved Solids 85.2 38.1 .... ~ 

l.:,..;) 

Suspended Solids 50~ . .J 3.11 33.4 
BOD 31.3 10.3 91.6 
COD 137 17.2 155 
Phenol 0.43 0.19 0.62 
Sulfides 0.87 0.11 0.97 
Oil 19..l lU 30.8 
Sulfuric Acid 8.06 8.06 
Iron 0.012 2.03 2.05 
Hydrocarbons 0.031 0.031 
Ammonia 1.31 1.78 3.J9 
C.'-iromium 0.018 0.025 0.044 
Lead 6.0E-05 3.:!E-05 UE-04 
Zinc 0.011 0.0012 0.01:! 
Fluorides ll.32 0 . .52 
Phosphates 0.061 0.061 

Source: Franklin .-\ssoaates, Ltd. 
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Table 10-9 

ENERGY REQUIREMENTS FOR DISPOSAL OF 
POLYSTYRENE PACK.\GING 

Cgigajoules for units disposed per 100,000 items) 

Packer Landfill 
Truck Equipment 
Energy Energy 

HIPS Yogurt Conrainers 
HIPS Container 0.32 0.19 
Aluminum Foil ~al 0.0074 0.0043 
Package Total 0.33 0.20 

Expanded Polystyrene C:ates 19.3 11.5 

Source: Franklin Associates. Ltd. 

10--15 

Total 
Disposal 
Energy 

0.51 
0.012 
0.53 

30.8 
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TuleJ.0.10 

SUMMARY OF FUEL-REI.Alm ENVlllONMENTAL EMISSIONS FOR 
DISPOSAL OF HlPS YOGURT CONTAlNEilS 
IEznissions for Wis clispoHd pu 100.GUO ifmlsl 

lmdfill Total 
Pan Trude Equipment Disposal 

Emissions Emissions Emissions 
Atmospheric Emissions r~ 

PanicuJaces 0.0:31 0.019 O.G.."iJ 
Yitrogen Oxides o..u 0.15 J.60 
HJ--drocarbom O.Il 0.()63 clli 
5ulfut Oxides 0.098 0.058 J.l6 
Cirl::on Monoxxle 0.13 0.l)i'9 •).Zl 
. .Udehydes 0.006-l 0-0038 0.010 
Methane -l.58E.JS :!..1£ .. )5 ;-~E-05 
Other Orgarucs 6.9i"E.Ji U3E-Ui LUE-J6 
~ 2.:6E-J8 l-3-1£-1)8 3.ciOE..JS . .wmorua H6E..JS !.OSE-05 5.3:.E..,)5 
Lead :..33E.J6 L38E-06 3.:-0E-16 
!iJssil Carbon Oioinde ::.-'..0 1-1.: JS.3 
Hycfro§en Chlonde lJl2E-116 6.0SE.;J7 !~E-J6 
Mercury 'i .39E..J8 -l.SOE--08 1.::E-Ji' 
C!Uorine l.SOE .. JS l.O'iE-05 :_~E-15 
Cuom1um Compc:mds 6..32£-W 3.:'-IE--07 LOIE-J6 
Manpnese C.Jmpoun<is 7.0IE-<Ji -l.iSE--07 l.!:E...xi 
;..!ickel C:>mpounds S.93E-<J6 UIE..J6 L!OE1 l5 
:\namony l.-l9E-J7 S.S.SE-18 1-:8E-J7 
-~C -l.3IE-J7 2.53E..,Ji ? .. %£ .. Ji 
Seryllium 3.39E.;J8 !.IJE--08 :.:"lE..JS 
udauum 3.3-1£.,)7 3.l6E .. J7 33JE .. Ji 
C:Jbalt .;~ .. }7 Z.3iJE-1i .;_;-:;£ .. )i 
~!enium l.02£-07 ~.6IE .. J8 ::...:sE-li 
Suliunc Aod 0.0011 o.ae;E .. J.l 110018 '.'o'iZ02 o.38E..J7 -1.0SE.;J'i L:OE-16 :<oz ?.dl!E-.17 ... OSE-07 t.:OE .. ';6 v:os ?.d8E..J7 ... 08E1)7 :.10E-J6 

Solid Wasre 1k~J 0.0.W 0.0Z-1 1).063 
Soiid Waste (cu ml H6E.,J5 !.94E.JS :'.39E-l3 

W•rerbome Emissions ~1141 
.-\Cid o.cilE-09 -l.OlE--09 '..J6E•l8 
Mm!Ion !~4£-4°).l 753E--05 1.~CE.:» 
Dis.;olved Solids 0.005-1 0.0033 1).0087 
Suspended Solids U7E.o)4 :?.7'1E-04 :'.lSE .. }4 BOD 0.0015 ~OOE-0-I •l.OOZ-1 coo 0.0025 0.0015 o.oo.io Phenol 2.:'9E..JS 1.69E .. l5 U7E-l5 Sulfides l.31E..IJS 9.14E.,J6 :...:E.vs Oil 0.0015 9.I5E-0-1 IJ.00:-t 5uifunc Aod 3.3-&E--05 2.l4E-iJS i68E-;J5 !ron l.13E-<J5 UJE..,16 l.31£.,)5 
Ammoru• 2.55E..J4 l.5SE-04 UOE-~ C'U'Onuum 3.60E-06 Z.18E-06 3.7!JE .. J6 L.41d l.17E~)8 :'.!OE.,19 :.38E-18 Zinc I. i":E--07 Lil4E--07 ~.76C ... J7 

5ourc.e: rranklin Assooates. :.:d. 
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T-.i.u 

SUMMAllY OF FUEL-KEIATED 'ENVlllONMENTAL EMISSIONS FOK 
DISPOSAL Of EPS CRATES 

ladfill Total 
PacbrTruck Eqaiplllent DispaAl 

Emissiaas Emissiaas 'Emissions 
Atmospheric Emissions (leg) 

Puticul.ate l.S3 1.09 2.91 
Nitrogm Oiades 24..3 14..5 38.8 
Ei~ 6.21 3.:0 9.9 
Sulfur Oxides 5.75 3.-l3 9.18 
Cubon ~onoxide ;.:-a -1.63 12.-1 
Afdehydes 0..37 0..:2 0.60 
MeWne 0.IXJ17 0.0016 O.ao.&.3 
Other Otganics -l.OSE-05 2.-&.3E-05 6.30E-'?i 
i<erosene 1.llE-06 i.87E-07 !.11E-'J6 
Ammonia o.cmo o.oou i)..QIJ32 
Lad l..36E-04 S.lOE-05 2.17£-04 
~ CutJon Dioxide uos 83i !.:.42 
ffydroget Chloride ;.m-as 3.56E-05 9.53E..;J5 
Mercury -t-UE-06 ~SolE-116 :-.OSE-06 
Chlanne 0.0011 6.26E-04 0.0017 
ChroaUwn Compounds 3.69E-IJS UOE-05 3.89E-05 
~ganese Compounds UOE-05 2..UE-05 6.34E-'?i 
~ICkel Compounds -1.05£41 2.-llE--04 6.-16E...J4 
Anamony 8.73E-06 3.20£-06 1.39E-05 
.-\tsenic ~'"2E-OS 1.50E-05 -l.02£-05 
Beryllium 2.lOE-06 l.:sE-06 3.35£~ 
Cuiuuum J.lZE-05 l.86E-05 -l.98£-05 
Cobait l.!~-05 U7E-05 3.94£..,JS 
Selt:nium H8E.J6 5.0SE...16 l.SlE-05 
Sulfuric .. -\cid 0.1166 0.009 0.10 
.':4202 ~O'lE--05 Z.!OE-05 6 . .uE-05 
!<02 ~-OS Z.!OE-05 6.41E-05 
'1105 ~-05 2..&0E-US 6 . .uf ... '}5 

Solid Wastr lk§,) z.32 1.38 3.70 
Solid Waste (cum) O.ll029 0.001; 0.0046 

Waterborne Emislions lklJJ 
Aod 6.0l.E-09 -l.01£-09 1.06E ... J8 
Mefalfon 1.2.tE..a.. i53E-05 :::.OOE-04 
Dissolved Solids 0.fJOS.l 0.0033 0.0087 
Suspended Solids UiE.-')4 2..71£-04 :'.18E-04 
BOD 0.0015 9.00E-04 0.0024 
COD 0.0025 0.0015 0.0040 
Phenol 2.79E..OS 1.69£-05 .J.47£-05 
Sulfides l.SlE-05 9.14£-06 2."2£--05 
Oil 0.0015 9.15£-04 Q.0024 
:iulf'unc Acid 3.54£--05 2.14£-05 ;.68£...JS 
!ton l.l3E-OS 6.a.;E-06 l.SlE-VS 
Ammonia !.55£-04 l.SSE-04 UOE-04 
Chromium J.60£-06 2.18£-06 liSE--06 
Lead l.17E--08 7.lOE--09 I.38E-08 
Zinc 1.7'2£-07 1.04£..,17 2.:'6E-07 

Sourer. Franklin Alsoaares. L:d. 
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Chapterll 

ENERGY AND ENVIRONMENT AL 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 
polypropylene 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 ~or 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 assum~d to be produced in 
the United States. Although 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 perce"'.lt 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 
production of snack pouches in Mexico were not available for this .:~dy. 
Therefore, these data were estimated from information supplied by equipment 
manufacture's in the United States and from Franklin Associates' 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 51 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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Sn.ad; Padu11 

UnileJ Stoates 

Mexico 

Tu1 .. 1 Energy 

Tlll>le 11·1 

ENERCY IU!QUlltEMENTS FOlt MANUllACTUIU! 011100,000 METALLIZED 
1'01.YPltOPYl.ENE FILM SNACK PAC:KS 

l'rncess Energy 
Pcn.~11t 

GJ of Total 

5.56 36% 

5.37 82% 

10.9 50% 

T1 .. 111spo1"tatlnn Energy 
Pcrl'Clll 

GJ of Totctl 

U.27 2% 

1.17 18% 

1.44 7% 

Uncrs)' of Mah!rial lltumurce 
Pcr~cnl 

GJ of Tut1tl 

~.52 62"/., 

9.52 44'1 .. 

5'iul\'c: 11r,mUin A:;sud.llcs, I.Id. 

Total Energy 
r~rcent 

GJ of Total 

15.3 '100% 

6.54 100% 

21.9 100% 
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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. Include<.: in this table is the 
postconsumer solid waste generated from dispos3l 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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United Stilles 

Mexico 

Total Solid Wute 

T.able U-3 

SOLID WASTE UY WEIGllT AND VOLUMll l101t MANUFACl'Ulrn 01,.100,000 
MlffAl.l.IZlilJ l'Ol.Yl'ICOl'YLl!Nl! 111LM SNACK PACKS 

Prucelllll Wo1111te 11uel w.u1te 1'01111coau1111ner Wo1111le 
kg cubk mclcr kg cubk mclcr kg cul.Ji..: IUCICI' 

5.30 ().()066 12.3 Cl.UIS 

15.9 0.020 tt-12 U.011 173 U.44 

21.2 0.026 20.7 0.026 173 0.44 

Suun:c: r:r.inklin ASliiod<.aks, I .lJ. 

Total Solid Waste 
k~ cu!Jk meter 

17.6 ll.022 

197 O.•l7 

215 0.49 

I 
I 
§ 



Table 11-la 

SUMMAR.Y OF ATMOSPHERIC EMISSIONS FOR 
M£I'ALUZED POLYPROPYLENE RL\f SNACK PACKS 

(Emissions per 100,000 items) 

Uaitm.Sbtes 
Process Fuel Total Process 

Emissions Emissions Emissions Emissions 
Atmospheric Emissions (kg) 

Particulates 0.15 0.:0 iJ..34 
:'-11trogen Oxides 0.19 0.85 LIM 
Hydrocarbons -l.-0 :?..39 :).:J2 
Sulfur Oxides o.:s l.05 l.32 
Cirbon :Monoxide 0..31 0..39 u.;-o 
Aldehydes 0.0018 0.003i il0055 
Methane 0.0054 0.0054 
Other Organics 0.04! 0.04-I 
Kerosene Z.93E-ll5 Z.93E.JS 
Ammorua 2.58E .. J4 3.7-lEo1JS Z.95E-'l4 
~ad 6.-16£.;)8 Z.:"3E-05 :.:--lE .. JS 
Fosstl Carbon Dioxide ol.00 330 334 
Hydrogen Gtloride t.9SE-.J6 LIOE-06 3.05E-..J6 
Mer=ry l.liE-1)7 1.26E-06 USE-06 
Chlorine 93i'E-1}6 g,3;'E.;]6 

Cuonuwn Compowtds ·i31E .. J5 :J.32E.;l5 
'.\fanganese Compowtds l.!OE.;J4 t.:OE-04 
:'liidtel (;>mpowtds 7.58E-OS i.38E .. l5 
.~timony 

. .\neruc 3 . ..0E-115 3 . ..0E-05 
Ser'!ilium 3.94E-tl6 3.9.+E-06 
udmium 
C1Jbalt :?..39E--06 :.39E-J6 
5.?lenium 9.l6E-1Ji 9.16E-W 
Suifunc Aad 
:-O.i.:02 
!<02 
v:os 

Source: Franklin Associares. Ltd. 
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Mexico 
Fuel Total 

Emissions Emissions 

OAS 0.-6 
U6 !.~ 

i.71 !.:-!. 
3.;'3 ,'):-:; 

t.~ . ·-"·"' 
ll.1)21 0.0:1 

0.0036 0.0036 
0_':6 Q.36 

U6E-05 l.-l6E.J5 
;.-li'E.J.l 5.-li'E ..J.l 
Z.7'6E .. ).l :.:-6E-J-l 

ill -53 
LolE.JS 1.61E.;J5 
2.33E-05 !.S3E-il5 

0.002S o.oo:s 
3.06£ .. ).1 j_Q6£..J.l 
3.39E.J4 3.$9£ .. )4 

0.0026 1).1)025 
HIE .. 15 5.-llE .. JS 
1.96£.;)4 L96E .. J4 
l.7'6E•JS Gi;E .. J5 
:.osE-J.l :.OSE-l-l 
!.33E-1J4 !.33E .. J-l 
5.diE1 15 5.Si'E .. J5 

0..39 J.39 
1.1::-E.,JS U:-E-.JS 
Lli'E-05 l.!;t; .. ;5 
:.ri'E-OS U:-E-.15 



Waterborne Emissions (kg) 
Acid 
Metal Ion 
Oissoh.-ed Soi!ds 

Suspended Soiids 
BOD 
CC'O 
l'!-.enol 
Sulfides 
Oil 
Sulfuric Acid 
Iron 
.-\mmorua 

C'U"011tium 
L?ad 

Z!nc 
Phosphates 

Source: Franklin Associates. Ltd. 
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Table 11-&b 

SUMMA.RY OF WATERBORNE EMISSIONS FOil 
MF:l"ALLIZED POLYPR.OPYLENE RL'\f SNACK PACKS 

IEmis.sioos per 100.000 items) 

United Slates 
Process fuel Total Proass 

Emissions Emissions Emissions Emissions 

0.()23 :U2E~ 0.0"',.3 
0.0024 1.72E-ll4 0.00"'...S 

0.63 0.11 0.75 0.080 
0.12 9.l-~E-05 0.12 1l0069 

0.0-U 9.98E.JS iJ.041 0.0052 
0.13 -l.i'3E-J4 0.13 0.015 

3.92E-06 5.3iE-W U8E-J6 
0.010 0.010 
0.015 0.0042 0.019 ll.0033 

O.Oi4 il.074 
t.nE-04 0.019 0.019 3.!9E-O-l 
3.&>c-04 l.31E-OS 3.i'SE...>4 
2.04E..J7 3.23E--08 :?..36E.J7 
9.09E-\JS LHE..J8 l..lSE-(.°"7 l.:JE-Vl 
l.95E-04 2.llE-07 l.95E-04 

0.0012 !J.0012 

11-7 

Mexico 
Fuel Total 

Emissions Emissions 

I.:9E-07 l.19E--07 
0.0021 Q.002:? 
0.098 0.18 

0.CQSI) 0.015 
0.027 0.032 
0.044 0.!2 

5.COE-04 5.tXlE..J.1 
::..::-1E-Vl :.:-iE ... J4 

0.028 0.031 
0.026 0.0"'..6 

0.0066 0.0069 
0.0046 0.00-l6 

?.-l5E-<JS '5.-GE--05 
2.!0E-07 !.:JE-04 
3.0SE-06 3.08E-06 
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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 wasee 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' 
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Table 11-3 

ENERGY REQUIREMENTs FOR DISPOSAL OF 
METALUZED POLYPROPYLENE FIL\f SNACK PACKS 

tgigajoales for Wlits disposed per 100,000 items) 

Padcer 
Trude 
Energy 

0.026 

Undfill 
Eq1lipment 

Energy 

0.015 

So•m:e: Franklin Associates, L:cl 

11-9 

Total 
Disposal 
Energy 

0.041 
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Tablell-6 

SUMMARY OF FUEL-RELATE> ENVlllONMENTAL EMISSIONS FOR 
DISPOSAL OF )(JITALUZED POL YPROP'tl.ENE RUl SNACK PACKS 

(Emissions for 1lllit:s dis"~ pa 100.000 itans) 

L.mdfill Total 
Packer Truck Equipment ~ 

Emissions Emissions Emissions 
Atmospheric Emissions (kg) 

P3IticuL11:es 0.0024 0.0014 O.D038 
'.'fttrogen Oxides O.ll32 0.019 •1051 
Hydrocarbons 0.0082 OJJ0.18 0.013 
Sulfur Oxides 0.0076 0-lmS 0.01::?. 
Urban Monoxide 0.010 QJJ061 0.016 
Aldehyda -1.96E-04 2.93E-'J4 :".S9E-<J.l 
Methane JSIE--06 2.IJ9E.tJ6 .i03E.J6 
Other Organics 3.39£--08 3.18E :JS 3.5i'E--08 
Kerosene l.:'SE--09 l.tl3E-OIJ ::.:-sE .. J9 
Ammonia 2..68£-1)f; i...33E-IJ6 ~E-iJ6 

Lead l.SOE-07 UJ6E-07 ::.36£-07 
Fossil Cubon Dioxide 1.36 i.;:o :!.% 
Hydrogen Chlonde i.90£--08 -1.661:-JS I.:6E..J7 
Mercury 5.8iE-IJ9 3.-16E .. J9 9J3E-il9 
Chlorine l.39E-06 !i.lOE--07 ~1E .. J6 
Chromium Compounds -&.89E-08 2.SSE-08 7.:7E--08 
'.\.langanese C.ompounds H2E-08 3.10E.1~;J 8.62£ .. )8 

:'liickel c~mpounds 5.36E--07 J.16E.U, i.5z=.Ji 
Antimony 1.16£ .. JS !i.SlE .. 19 !.3-IE-J8 
Arsenic 3.JJE .. J8 l.96E-J8 ;~Qf .. )8 

Beryllium 2.78£-09 l.6olE-O'J UlE-19 
C.idmium UJE-118 !."3E-ll8 o.56E-l8 
C.Jbalt 3.Z"E-iJS l.93E-iJ8 :.:9£ .. )8 

Seleruum t.lSE-08 i .39£ .. )9 :.99E.J8 
Sulfunc . .\cd 8.70£-115 ;.!JE.JS U8E.J.I 
:"Oa202 3..32£-118 3.l-lE--08 H6E-J8 
r<02 3..32£-08 3.l-lE-'18 3.-16£ .. JS 
V:05 5..32£-118 3.1-lE-<lll ~.-16E .. l8 

Solid Waste(~) 0.0031 0.0018 0.00l9 
Solid Waste lcu m) 3.83E.tJ6 :?26E-06 .;.1)9£ .. )6 

Waterborne Emissions(~) 
.\cid 6.01£ .. 19 -1.01£ .. )9 l.06E_,l8 
~!Ion l.1-lf-1)4 7.33£--05 2.00E-J.4 
Dissolved Solids 0.0054 0.0033 tJ.0087 
Suspended Solids U7E-04 2.i'lE--04 7.lSE.,J.l 
BO') 0.0015 9.00E--04 0.002-l 
COD 0.0025 0.0015 0.1)6.1() 
!'!tenol 2.:"9E.IJS l.o9E--05 .f . .f7E..J5 
Sulfide UlE-05 9.l.fE-06 ::.uz-JS 
Oil 110015 9.15E--04 0.002t 
SwfuncAc1d 3.s.fE-llS 2.1-lE..OS lOllE..,15 
!ton l.lJE-05 6.lDE .. J6 l.SlE·•lS 
.~orua :.SSE--04 1.5SE-04 -1.:0E-J4 
.:hrom1um 3.60£-06 !.18E-06 l:'8E4' 
Lead l.17E·08 7.lOE-09 U8E~'l8 

Zinc l.;":E-07 l.04E--07 !.71)£.,j, 

Source: Franklin Associares. Ltd. 
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Chapter12 

ENERGY AND ENVIRONMENT AL RESULTS FOR 
GABLE TOP MILK CARTONS 

INTRODUCTIO~r 

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 top 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 LOPE 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 LOPE-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 LOPE-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 LOPE-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 
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T"ble 12·1 

ENERGY REQUlltHMENTS J;OH 1\1.-\NIJllACTUIU! tW 'IOl',OOU GAUl.1£ l'ul' MILK CAHTONS 

Process Energy 
Percent 

CJ of Total 
Gable Top Milk Cartons 

United States 170 Kl% 

Mexico 6.95 47% 

Total Energy 177 79% 

Soufi.-c: Fr.mldin Assoddlcs, I.Id. 

Tr.1ni;porl.\liun Energy 
Percent 

< ;J of To1i1I 

J.J.8 7% 

7.94 53% 

22.8 10% 

F.ntirgy ot Material lhumurce 
Percl!nl 

GJ of Toldl 

2.J.2 12'1., 

24.2 r:·r .. 

Total l!ner15l I Ptircl.!nt 
GJ ofTutal 

209 100% I 14.9 100% 
§ 

224 100% 
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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 p€rcent 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 !:able 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 emlssions for operations in Mexico are fuel related. The fuel-related 
emissions are a ~·esult 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. 

12-3 
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G.ablc Tup Milk C.arlum1 

u .. u~ s1.1ai 

M.eidcu 

Tut.al 

T•bl" 12·2 

llNliRGY l'HONU:S l'OH MANUl;ACl"UHll <W 100,UOO GAUl.ll TOI' Mil.I( CAlffONS 

(GJ po.:r Ulll,000 111111111) 

lino.:rgy l'mfil" 

N•lural 

Gu r111rul11um Co•I llyiJrupc1wer NucluiH WuuiJ 

511.& 51.-1 36-1 lltU b32 62.9 

l.t>1 JI \I 11-111 1139 11.25 

521 63.3 lbH 1.211 6.57 b:.1.\1 

Suun:o.:: 1:ri111Uin A:>Mio:i..ito::a, 1.1,1, 

Other 

0.5-1 

112\1 

11.113 

Total 
tine ray 

21)1) 

1-19 

22 .. 

I 
I a 



Table 12-3 

SOLID WASTE UY Wt:IGHT ANU VOl.UME POlt MANUl1ACJ'U1Ui OP 100,000 CAUi.ii TOP '.\.111.K CAUTONS 

Proceaai W,u1ht 1:uel Waaite Poaitc:onarnmer Waaite 
kg cubic meter 

Tolal Solid Waate 
kg cubic mct~r kg cubk mclt!r kg cubic mete1· 

...... 
~ 

C•ble Top Milk C.u1om1 

U1 

Uniled Slale11 366 U.46 t>l3 11.77 978 1.22 

Mexico 0.08(. 1.1 E-04 I-I.I 0.1118 3,185 6.56 3,19~ 6.57 

Tot•I Solid Waaile 366 0.46 627 U.78 3,185 6.56 4,178 7.7'J 

Soun:e: franklin Assodalt!S, I .tJ. 

I 
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Atmospheric Emissions 1kg} 
P~·-ulates 

Nitroge!t Oxides 
Hydrocarbons 
Sulfur Oxides 
C.ubon :'vfonoXIde 
Aidehydes 
Methane 
Other Organics 
Kerosene 
Ammonia 
Lead 
Fossil Cirbon Dioxide 
'.'ion-Fossil Carbon Dioxide 
Hydrogen Chloride 
~le:-C'.uy 

Cilonne 
Odorous 5ulfur 
Clroauwn Compounds 
~lan~ese C.>mpounds 
'.'ricltei C.Jmpounds 
Anamony 
Arseruc 
Beryllium 
C.1dnuum 
C.Jbalt 
Se!eruum 
:iuifunc A .. -:d 
~a.:02 

KO! 
v:os 

5ource: Franklin A.<1socates. Ltd. 
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Tule 12-1.a 

SUMMA.RY OF A TMOSPHEllIC EMISSIONS FOR 
GABLE TOP~ CARTONS 
!Emissions per 100.000 itansl 

United States Mexico 
Process Fuel Tobi Process Fuel 

Emissions Emissions Emissions 

1191 
·loZ 

H.5 
O.i.! 

1J.OOSB 

•J.0013 

!3..3 
I.;'.ff-05 
1.:JE .. J-l 
l.:.SE-J4 

2..;8 

15.1 
~-j 

.:8.-l 

.r· ,,_ 
)1.3 

3.I-l 
0.067 

-*.00 
?.lOE .. )4 

Q.00'8 
tJ.001.5 
d.357 
5,.57-t 

UIE-04 
L!6E-04 

0.0030 
ll.0045 
G.0090 

0.0016 
!.:-JE-04 

-l.:-OE-<l4 
UOE ... J4 
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!6 . .: 
35.-l 
-*1.1 
-t6.6 
~I .1 

3.1-* 
G.067 

-*-00 
6.IOE...J.l 

!J.0060 
•J.0015 
~.357 

3..598 
I3BE-04 
!.S8E .. J4 
l.:SE...J.l 

:..;a 
0.0030 
0.00-15 
•10090 

J.0016 
l.:-3E..J4 

-l.;"OE.;J4 
UOE..)4 

Emissions Emissions 

i.36 
6.~9 

2..:8 '*·" a . .: 
:i~Z 

0.13 
0.0069 

!.'Ji 
!..WE .. JS 

0.0013 
3.6/E .. J..l 

1.060 

3.ilE·'.JS 
3.!1E..J5 

0.00-47 

-t..35£..;).; 
5.95£ .. ;.; 

J.il02S 
5.09E-05 
2.52£-1)-t 
:..SOE_.l5 
!.33E-iJ-t 
L61E.,J4 
?.:SE-.JS 

o .. n 
2.:-6E..J5 
2.:'6E..J5 
.:.:-6E-l5 

Total 
Emissions 

1..36 
?.-t9 
:-..;1 
1 : . .: 
:d:: 
J.!3 

1).00@ 

.... ~__ , 
2..WE..J.5 

•lC013 
3.0iE..J-t 

I.J60 

3.;'!E ... J5 

.us:::: .. u 
3.'.15E-J-t 

·l.OO:S 

:.;,:zE .. !-t 
:.soe .. 1s 
:...3JE .. J-t 
l.:JiE .. J-t 
;.:se .. 1s 

!) . ..J1 
:.:-6E-J5 
2.76E~5 

~:-6E.J5 



Waterborne Emissions !kg) 
Acid 
Metal Ion 
Dissolved Solids 
Suspended Solids 
BOD 
COD 
Phenol 
Sulfides 
Oil 
Sulfuric Acid 
£ron 
Ammonia 
Chromium 
L?ad 
Zinc 
~ickel 

~ercury 

Phosphates 

Source: Franklin .-\5sociates. Ltd. 
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TableU-4b 

SUMMAllY OFWAlCRBORNE EMISSIONS FOR 
GABLE TOP MILK CARTONS 
l&aissians per 100,000 items) 

United States 
Process Fuel Total Process 

Emissions Emi.ssioas Emissions Emissions 

UJ6 UME-06 1.06 
0.0088 Q.Q22 0.031 

3.1:: U.6 lS.7 
l-1.9 Q.012 1-l.9 
3.94 J.013 3.96 
9~ 0.060 9.:6 

~.IJE..JS 7.l!E~ 3.:4E..;JS 
J.027 OJ]]j 
:.::..u 0.17 0.11 

:!.92 !.92 
-l.D9E-OS 0.i'J 0.73 
2.JSE-OI. 0.0017 0.0019 
3.5.Jc-06 U1E-06 9.6iE-06 
-lSSE-07 IME-06 2.J2E-06 
-1-98E-04 !.69E-OS 3.25E-J.1 
~E-Oi !.58E..J7 
-1-:-0E-Oi -4.;"0E--Oi 

0.0030 J-0030 

12-7 

Mexico 
Fuel Total 

Emissions Emissions 

~"'JE-07 :!.:':> E -Oi 
0.0051 0.00SI 

0.::3 0.::3 
O.:JlS O.OIS 
0.061 0.061 
0.10 o.:o 

0.0011 tlOOt~ 
6.~-04 o.:1£..J.I 

0.06-l O.C6-l 
0.0.U J.O.U 
0.011 0.011 
0.011 0.011 

1.-ISE-04 U8E-IU 
4.ME-07 U-1£-07 
7.09E .. J6 i:l9E...:>6 
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T.a.ble 12-5 

ENERGY REQUIREMENTS FOR DISPOSAL OF 
GABLE TOP MILK CARTONS 

(gigajoules for units disposed per 100,000 items) 

Gabie Top Yiilk Cartorts 

Source: Franklin .-\ssoc:iates, Ltd. 

P.a.cker 
Truck 
Energy 

0..39 

12-8 

Ulldfill 
Equipment 

Energy 

0 ., .. _..:..;, 

Total 
Disposal 

Energy 

0.61 



TableU-' 

SUMMARY OF FUEl.-&ELATB> ENVD.ONMENTAL EMISSIONS FOil 
DISPOSAL OF GA8lE TOP !oaLK CARTONS 

(Emissioris for 1Ulits disposed per 100.000 ~ 

Lmdfiil Total 
PacbrTruck &{aipmmt Disposal 

Emisaiom Emissi- Emissions 
Atmospheic: Emissiom {kg) 

Pm:iculates 0.()37 0.021 G.058 N"mogm Oxides o.~ Cl18 0..78 
P.ydrocarbons 0.0 O.D73 0.20 
SuJfur Oxides 0.!2 Q.067 0.18 
Cubon MClllOllide 0.:6 Q.091 o.:s 
. .wetiydes 0.QOi6 fl.OGl.l ;J.012 
~ 5.-l1E..l5 3.lJE-05 3.33E-OS 
Other Orpn;cs 11:3E•Ji i.i6E-07 l.30E .. l6 
iG?rosene 2.6iE-08 151£-08 -lllE-JS 
• .\Jnmoni.a i.09E-115 2.31E-OS 5..-l6E-115 
tad 2.;3E .. J6 l.39E-06 -'..>IE-06 
Fossil Cubon Dioxide ~!U lU .;..l.S 
Hydrogm Chlonde l..!IE-06 6.98E~7 1.90E..J6 
Mercury 8.96£-08 5.19E-118 LU!:--07 
Chlorine 2.UE .. JS l.23E--05 3.35£--05. 
Cuoauwn Compounds i.-l6E-07 -l..32£-07 USE-06 
~Compounds 8.2iE--Oi -1..i9E--07 UlE-06 
Sidcel Compound$ 9.lSE-06 -l.7-lE-06 l.3E-.15 
Anmnony l.i6E-07 U12E-07 1.:SE..,)i 
-~ 5.Q8E-07 2.94E-07 3.03E--Oi 
8erylliwn U-lE-08 2.~--08 o.69E-1l8 
Cidmium 6.30E-07 3.6J-c-1r, 9.'i4E-+l7 
CJbaJt -'.99E..J7 2.S9E-1Ji :"S7E..Ji 
Seleruum l.91.E..J7 !.llf--07 3.02E..,)i 
Sulfunc.~ 0.000 i.DllE-Ool 0.0021 
'.llu02 8.11.E-07 i.:"OE-07 I.:SE-06 !(02 3.Uf-07 -1.-'"lJE.,J7 l.:SE..J6 
V205 3.11.E-07 .&.;'OE-07 l.:SE--06 

Solid Wuce (k!P 0.00 0.027 0.07-l 
Solid Wuce ~cu mJ 5.85£-+15 3.39E--05 9.1JE .. JS 

Waasbome Emissions<~ 
.\aci 6.61£ .. 19 .&.OlE-09 l.06E-1l8 
~eta! ron 1..2-lf .. ').l 7.S3E.OS 2.00E~ 
Dissolved Solids 0.0CJS.I 0.0033 0.0087 
Suspended Solids U7E-04 2.:'lE-04 i".18E41 
BOD 0.0015 9.00E-Ool 0.002-1 coo 0.()025 0.0015 O.OGIO 
Phenol 2.:'9E...JS 1.69E..J5 Uif-05 SuUides l.51E .. J5 HIE-06 2.-'lE-05 
Oil 0.0015 9.lSE-Ool 0.002-1 
Sulfuric Acid 3.s.&E-05 HIE--05 5.DllE--05 lron l.lJE .. 15 6.SJE-06 1.BlE-05 
Ammonia llSE--04 1.55E-04 -l.lOE-04 
Chn>mium 3.60£-06 2.18E--06 5.iSE-06 
~ad l.lif-08 7.lOE-09 USE-08 Zinc 1.i"lE-07 UUE-07 2.i"6E-07 

:)ource: Franklin Assocates. !.td. 
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Chc1.pter13 

ENERGY AND ENVIRONMENT AL RESULTS FOR 
ASEPTIC BRICKS FOR MILK 

INTRODUCTION 

This chapter provides a summary of the energy requirements and 
environmental emissions for the produc."tion, recycling and disposal of aluminum 
foil/LDPE/foodboard laminated aseptic bricks for milk. The basis for the results 
presented in this chapter is 100,000 aseptic bricks. Supporting data for foodboard 
and aseptic brick production are presented in Appendix 0 of the separately 
bound Appendix document. Data for production of aluminum foil can be found 
in Appendix C. Data for the production of LOPE resin can be found in Appendix 
I. 

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

DATA SOURCES 

The LOPE 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 foodlJoard 
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 one 
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 100,0CO aseptic bricks for milk. The energy 
usage is categorized by country. 

13-1 
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ENEKGY KEQUUtEME"ITS 1~01t MANUFACTUHli Ol1 100,000 ASl!PTIC UJUCKS POH MILK 

Proce:ia Energy 
Pcn:cnt 

GJ of Tut.ti 

Aaoeptk Urkk111 

S\veJen 61.5 '.IS'Y., 

United St.ale» 55.1 S'J'Y.. 

Mexico 9.Cb 65% 

Tut.al Energy 132 1-1% 

Suun:c: fr.inklin As:.ud.11cs, l.IJ. 

Tran:1porlalicm l.!nurgy 
Pcn:cnl 

GJ of 'l'ulal 

3.51 5% 

2.1~ 2% 

4.W 35% 

~0.1 6% 

Energy of Malurial llu1m11rcu 
l 1Cl'CCl\I 

(.;J uf '1'01111 

36.6 3')% 

36.6 20% 

Total Eneirgy 
Percent 

GJ of Tutal 

11.U 100% 

93.9 ltlO'Yu 

'140 ltl0% 

119 100% 

I 
I 
§ 
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Process energy accounts for about 74 percent of the total energy for the 
system. About half of the process energy is used in Sweden to manufacture 
foodboard. Production of LOPE 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 LOPE resin production, and the rest is used to 
make metallurgical coke and petroleum pitch used during aluminum smelting. 

Table 13-2 ?resents the energy profile for production of aseptic bricks for 
milk. W ocd is the largest source of energy for the system in Sweden, 
1epresenting 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 $tates. Petroleum supplies t:he majority of the energy (74 percent) 
used L"l Mexico. 

Manufacturing Environmental Emissions 

Solid Waste. Table 13-3 presents the solid waste for manufacturing 
100,000 a5eptic bricks for milk. Included in this table is the postconsurner 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 w:lste makes up nine percent of the solid waste weight 
and six percent of the soli'l 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 emissions for operations in Mexico are fuel related. 
The fuel-related emissions are a result of production and rombustion of fuel~ to 
produce energy for manufacturing operations and transportation of raw 
materials and finished products. The process aldehyde" and other organic 
emissions are produced during manufacture of the aseptic brick stock. 

13-3 
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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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Aseptic Bricks 

T.ible 13-5 

ENERGY REQUIREMENTS FOR DISPOSAL OF 
ASEPTIC BRICKS FOR MILK 

(gigajoules for units disposed per 100,000 items) 

Packer 
Truck 

f.aergy 

u.35 

L.indfill 
Equipment 

Energy 

0.20 

Source: Franklin Associates. Ltd. 
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SUMMARY OF R..'EL-KEL\TED ENVlllONMENTAL EMISSIONS FOR 
DISPOSAL OF ASEFIIC BRICKS FOil MIUC 

IEmissi«u for imits disfl-d per 100.000 items> 

Landfill Total 
Pacbr Tnrdl: Equipment Dispos.al 

Emissions Emissions Emissions 
.\lmOsphenc Emissions r~ 

Puttcuiate rum 0.019 :J.OSZ 
'.'fitrogen~ 0.+4 o.:s 0.69 
Hydroarbons tlll 0.IJ63 0.18 
Sulfur Oxides a.:.o o..J60 1).16 
Cuban Munoxide 0.I-1 Q081 OZ? 
.\ldehydes l).IXJ68 ·10039 J.011 
~ -&~E..JS !.iOE..JS ';' :HE--05 
Other~ 7.36C..J7 -&~E--07 U6E-06 
~ !..l""9E-lll L38E..JS 3.:-:;.,JS 
_\Jrunorlq 3.00E-l5 !.!~-OS :--SE-JS 
Lead :..-i6E-!6 l..uf .. J6 lSl!E-J6 
?Ossil Cirbon Dioxide ::=-i :-1.:- .W.l 
H~Chlor..de LOSE..)'; :i..Z...<£--07 LIJE--06 
Mercury 3.ll2E-J8 i.O-&E-08 1.:."'"E-J7 
Chlo~ UOE..;JS l.lOE-05 3.00E--05 
Cuom1wn Compounds ~.O;'E--Oi 3.S6E-'Tt l.05E-06 
:Man~anee Com!XJW1ds 7.-iOE-li' -l.:8E.J7 l.!7E..J6 
'.'licke! C<>mpounds 7.nE-'J6 ~.:'.-IE-16 !.loE--05 
.\ntunony USE~ H3E-08 :..-&9E-Ji' 
-~C -l.55E-J7 :!.53E .. Ji 7.!SE-u 
aerymwn 3.:"9E-18 :?.!9E .. 'J8 H8E-IJS 
Clduuwr. 5.0-IE-Ji 3~E.,r, :l.90E--O'i 
Cobalt -l...;6£-J: :.SaE .. 17 ':'.Q.IE .. r, 
5.tlenium t.:-tE..J7 9.'ilE-08 :?..IJE..Ji 
Sullunc Aad ll.001: .;..;,c .. ).& 0.0019 
:-.s..z02 7~-C .. )i -&~!E-J7 I.!.:£ .. )6 
K02 :"Z.""E~ -1.:1E .. 17 l.l:E-'16 
'IZ05 7.:.""E..J7 -i..:1E-J7 :.!:E-'l6 

Solid Wu~tk~ J.Q.11 1).02; !J.ll66 
Solid Wu~ ,cu ml 5.:JE-15 3.ll3E..JS i~E-15 

W.aterbome Emw1ons :k~J 
Acid .;.01E-l9 -&.ll1E-l9 l.06E..JS 
Metal ion i.:;e .. u 7.33E-05 :!.()0£.,).l 
Dis:;olved Solids :J.00.."4 !J.0013 IJ.008i 
Suspended Solids ·U7E .. J.l :?.:"lE-04 :".ISE .. J4 
BOO 0.0015 900E-O& •1002-l 
coo 0.00'25 0.0015 l},QGW 

Phenol :?.:"9E-iS l.69E..J5 -l . .0;"!-1)5 
Sulfides UlE.,JS •HIE-'J6 :!.-4:£.US 
OtJ 0.0015 '1.15E--04 o.ccm 
Sulfunc Acid 334£ .. )5 :?.l-IE-05 5.0ilE-l5 
!ron t.IJE.,15 ~idJ£.,16 t.~lE.,JS 
Ammoru.a :?.5~E44 I.SSE--04 .J.1CE.,J4 
Clmm1um l60E-06 :?.:SE-06 j,;'8£ .. 16 
Lead !.:7E-18 7.:oE~J9 U8£ .. J8 
Zinc t,;"!£ .. r, !.IHE-.!7 :.:"li£.,J7 

3ourcr. Franklin .~soc-..ates. L:d. 
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Chapter14 

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 useJ 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 recrcled 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 



....... ~TES.LID 

based on information supplied by M.R. Servicios de Fomento Industrial S.A. de 
CV., Mwco City. 

Data for the production of steel sheet (used to make the closures) in the 
United States were taken &om 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 llrink 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 t.1-te 
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 soda 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 system 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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Tot•l l!nergy 52.J 93% 3.~6 7% 56.0 100"/u I Sleel Clcu1ure 

-

I 
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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 manufacturing 
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. 

Atmosp}-,~ric 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 
di1Jxide 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 waterborne dissolved solids process emissions released in 
Me):ico 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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l:NliKGY l'KOl'll.llS fOK MANUl'ACl'UIUl OI' 100,000 ltlWll.l.Alll.li GI.ASS SUt"I' UIUNK UO'l"l'l.l!S 

CGJ p11r UJU,000 it11m11 •1111m11lng 25 lrlpll pur liulli11) 

N•lurt1I 
t:1111r11l J'ruflle 

1'0111 (~•ai 1'11ln.1l1111m Cu.al I lydrnpuwur Nuclu.ir Wood 0111111 En11r8y 
Kclill•lile Gl•N Uullle 

United Sl•IH 2 . ..!3 1121 
2.65 

Meid.:u 17.3 31.3 l.•IK 1.:u 11.86 1.01 53.3 

Tul•I llJ H 31.5 l.<IH 1.:n 11.1!6 I OJ 56.0 

I Steel Clua;ure 

United Sl•le» I n3 1.21' .. 5-1 ll.IJ.IK 11.3? 11.032 ?.tllt I 
...... 
f" Mexku 11311 

0.311 
V1 

Tul•I 1.63 16<1 '154 II IHH 11.J'l U.1132 11.25 a r•ck•ge 'ful•l 

U11il11d Sl•l1111 .. llO 1. .. 1 454 11.IMK 11.3? 111132 IU . .5 
Mullku 173 :II 7 1-IK 1.:n II Hh I.Ill 53.? 

l'ul•I 21.ol :n2 116.11 1.311 1.23 1.114 64.2 

Sour\:u: i:r,\111..tin A:.:iod,1h:11, l IJ. 
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SOI.Ill WASTE UY WlilGllT ANU VOi.LIME 1;01< MANUllACTUIU! 011 100,UUO 

IU!FILLAUl.I! GLASS SOFT UIUNK UOTl'l.l!S 
("111mming 25 tl'ips pl!r l101tll!) 

- - - -

Prucesit Walile Pue I W dlile Poitlcon1rnn11ir Wauile Toto1l SollJ Wa11te 
kg ,·ubil: meter "~ n1hk meter k~ cuLk meter kg cuLic meter 

Refillable GI~ Huttle 

United St•leli l~.8 0.025 0.21 2.61\-04 20.0 0.025 

Mexico 81.7 0.10 50.6 0.063 1,183 0.71 1,316 0.88 

I Tot•I Solid Walile IOI 0.13 50.8 0.063 1,183 0.71 l,336 0.90 

- Steel CIUliure ~· 'f" 
°' United Sl•les 668 0.83 15.5 ll.019 683 0.85 

~ 
Mexico 0.()45 5.71!-05 230 0.70 230 0.70 § 
Tol•I Solid Wa1tle 668 0.83 15.5 O.lH9 230 0.70 9n 1.55 

P.td••gc Tol4l 

United Staleli 687 0.86 15.7 0.0211 703 0.88 

Mexico 81.7 0.10 50.7 ().()63 l,413 1.41 1,546 1.57 

Tut•l SoliJ W.tsle 769 0.96 66.3 0.083 1,413 1.41 2,249 2.45 

Suun·u: 111-.mklin Assodalcs, l .td. 
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Table14-la 

SUMMA.RY OF ATMOSPHER.l~ F.MISSIONS FOR 
REFILLABLE GU.SS SOFT DRINK BOlTLES 

<Emissions per 100,000 items usuming 25 trips per bottle) 

United States Mexico 
Process Fuel Total Process Fuel Total 

Emissions Emissions Emissions Emissions Emissions Emissions 
Abn~-pheric Emissions {kg) 

Puticulates -l..80 0.37 5.16 i8..2 3.28 81.3 
:'.'iitrogen Oxides 0.15 1.61 1.77 25.6 25.6 
Hydrocarbons 0.36 2.75 3.32. 2:!.0 220 
Sulfur Oxides 0.75 U3 2..19 6.9E ... J4 39.-l 39.-l 
Carbon Monoxide 5.-10 1.06 6.-15 0.079 11.3 11.6 
Aldehydes 0.020 J.Q:!O 0.35 0.35 
Me~e 0.0058 0.0058 0.038 0.038 
Other Organics 0.18 0.18 1.34 1.34 
~ -l.OE-i>S -l.OE-05 S.1E-05 8.1E.;JS 
Ammonia 0.0082 1.SE-04 0.0084 0.0034 0.0034 
~ad 3.0E-06 3.3E-05 3.8E-05 0.0015 0.0015 
F:lSSil Carbon Dioxide 369 -1-1-l 813 -1.119 -l.119 
:'tion-Fossil Carbon Dioxide 90.3 90.5 
Hydrogen Chloride 5.2E-06 5.2E-06 9.9E-05 9.9E-05 
Mercwy 1.7E-06 l.iE-06 -l.3E-05 1.lE-04 l.5E-J4 
Chlorine :?_.,c-.:JS 0.017 O.Oli 
Chromium Compounds l.SE-06 9.0E-()5 9.1£.JS 0.0016 0.0016 
:vtanganese C.Jmpounds -l.OE-05 UE--04 1.SE-04 0.0022 0.0022 
'.'iickel Compounds -l.iE--07 9.3E-05 HE-05 0.0094 0.0094 
Zinc Compounds 3.lE-05 3.:E-4J5 
Copper Compounds 3.-lE-06 HE-06 
Antimony 1.9E-04 1.9E--04 
Anenic -l.3E-05 -l.3E-05 9.3E-04 9.3E-04 
Bery ilium 5.lE-06 5.lE~ 9.0E-05 9.0E--05 
Cadmium S.IE-04 8.l!:-04 
Cobalt 2.SE-06 2.SE-06 3.SE-04 5.3E-04 
Selenium l.IE-06 l.lE-06 2.lE-04 2.lE--04 
Sulfuric Acid 1.-12 l.-*2 
Na.:02 l.8£..{l4 1.SE..J4 
K02 1.3E-04 1.SE..,J4 v:os l.SE-04 1.llE-04 
5ilicon Dioxide 1.68 1.68 

Source: Franklin Associates, Ltd. 
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Waterborne Emissions ikg) 
Acid 
Metal Ion 
Dissolved Solids 
Suspended Solids 
BOD 
COD 
Phenol 
Sulfides 
Oil 
Sulf..uic Aod 
!ron 
Ammonia 
Chromium 
~ad 

Zlnc 
Cyarude 
:-.iickel 
Mercury 

~ASSOCIATES. LID 

Table 14-&b 

SUMMARY OF WATERBORNE EMISSIONS FOR 
RmLLABLE CL\SS SOFr DRINIC BOTTI.ES 

(Emissions per 100,000 items usummg .?S trips per bottle) 

t:nited States 
Process fllel Total Process 

Emissions Emissions Emi5sions Emissions 

tl.:?3 3.SE-08 o~ 
d.1E.J4 3.lE--04 

O.!l 0.-18 0..59 38.5 
O.OH UE-04 0.015 0.3i 

-l.;£-i)4 -tiE .. 'J.t l.3E .. J6 
O.iXJ'..2 il0021 L3E..J6 

l.5E-{)4 :?..oE-06 1.5E-V4 

L:?E-iJS 
0.0013 0.0085 0.0098 

0.094 0.094 
0.057 Q.02-l 0.080 

7.lE--04 6.!E--05 :".7E-;J-l 
l.5E-07 l.5E-Oi 

6.JE-07 6.:3E-08 iOE-07 6..3E-08 
1.lE-<JS l.OE-V6 l.:?E..>5 6.JE..JS 
3.3E-V4 3.5E .. J.t 

6..3E..J8 
1.1£-0i 

Source: Franklin Assooates. Ltd. 
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Mm co 
Fuel TotaJ 

Emissions Emissions 

:-.3E-07 i.3E-07 
O.ot-l 0.01-l 
0.60 39.l 

il049 M2 
:116 il16 
:J.:7 0.17 

0.0031 0.0031 
ll.OOli 0.001; 

0.18 lll3 
:J.!6 0.!6 

0.040 0.040 
0.028 O.il2S 

-l.OE--04 4.0E--04 
l.3E-V6 l.-IE--06 
l.9E-05 1.9E-05 

6.3E-08 
t.:E .. Ji 
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Non-Refillable Glass Soft Drink Bottles 

Manufacturing Energy Requirements. Table !4-5 presents the energy 
requirements for the manufacture of 100,000 non-refillable glass soft drink 
bottles. The energy usage is categorized by country .md grouped by bottle and 
closure. 

Process energy accounts for about 88 percent of the total energy for t.,_e 
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. Ninety
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 :ibout 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 ~lexico 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 total 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 waterborne emissions for manufacturing non-refillable glass soft drink 
bottles are presented in Table 14-8a and 14--8b, respectively. 

H-9 



T.al>lc 14·5 

l!Nl!KGY IU!QUUU!Ml!NTS l;Olt MANUl;ACl'Ultl! OI; 100,000 NON-HllflLLAIH.E Cl.ASS S<WT DRINK UOTl'LES 

Pruces:t Energ)'. Tr4nspurl"lion Eners)'. l!ners)'. of Mdlerial lh~1murce Tot.ll Enersr 
Pcffcnl Pcn:cnt Percent Percent 

q ot totill q ot lotill ·q of 1111.11 CJ uf total 

Nun-Kefill.able GI.ass Dottle 

United State11 19.7 92"/ .. 1.74 8% 2!.4 100% 

Mexico 175 89% 21.2 11% 196 100% 

Tot.al Energy 19-l 8'J% 22.9 11% 217 IOO% I Steel Closure 

.... 

I .i:-. United StalH 3.51 45% ll.83 IJ'Y11 3.5•1 45% 7.88 100% ' ...... 
0 

Mexico 0.38 100% 0.38 100% 

Tot.al Energy 3.51 43% l.21 15% 3.54 43% 8.25 100% § 

Package Total 

United States 23.2 79'Y.. 2.57 9% 3.5·1 12% 19.3 100"/u 

Meidcu 175 81J'Y.. 21.6 11% 196 JOO% 

Tut.ii Energy 198 88% 24.1 11% 3.5·1 2% 226 100% 

Sourn!; rr.mklin A::>sOditlt!S, I.Id. 



'l'.ablc H-b 

l!NliltGY l'HOHl.llS l'<>H MANUJ•ACTUIUl OF IUU,UUO NON-IU:l'll.l.AUl.l! GI.ASS son l>HINK HOTl'l.l!S 

(GJ per lUO,UUO lhmu1) 

Nillur.al 
l!ncr11l l'rufilc 

Tut•I Gollii l'clrulcum Cu.al I ly,lrupuwcr Nuclc:.ar WuuJ Ollu:r Energy 

Nun·Kdilliible Gitt~ Uullle 

Uniled Sl•les 19.7 1.7.a 
21.4 

Mexicu 11>4 7.J.6 5.28 5.13 3.:m 3.H9 196 

Tut.al 12-1 '76.3 5.2tl 5.13 3.311 3.tl9 218 

Steel Clt>11ure 

....... 
'f" Uniled Sl•le.i 1.63 1.26 ....... ....... .J.5-1 0.0-18 037 0.032 7.88 

Mc::dcu 11.38 
0.38 

Tul•I l.b3 l.b.f -l.5-1 0.048 0.37 (J.032 1:1.25 

l'•d~•ge Tol.ll 

Uniled SI.ates 21.3 :wo -1.!i-I 11.tMK II :t'7 11.1m 2!J.3 

Me11.ku ltM 75.U 5.28 5.13 3 311 3.89 1!17 

Tut.al 125 7811 9.U2 5.18 3.67 3.!12 226 

Sl1u1Yc: 1'1-.ml.lin A:;sociilk'lli, I.Id. 
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SOI.ID WASTE UY Wl!IGllT ANll VOi.LIME llOI( MANU~IACTUHl! OI' 100,000 
- - - -

NON-ltl!l'ILLAUl.l! GI.ASS SOl;-1' UIUNK UOTl'l.l!S 

Process Waste 1:uc1 W ,111le l'm1tcommmer W.tsll.l Tulal Solid W;u1te 

&.g cuhk anelcr kH l'11hlc lllcll'f kH cul>k meter kg culilc meter 

Nou·H.dill•ble Glt1Sli Uollle 

United St•te111 160 U.20 1.69 O.lltl21 162 0.20 

Mexico b26 0.78 178 0.22 'J,5711 5.76 I0,374 6.76 

Tut.ii Solid Wt1ste 786 0.98 IHll 0.22 'J,570 5.76 HJ,535 6.97 I 
,...... Sled Closure 
..... 

I 
I ....... 

l.' nited St.ite111 0.83 15.5 ll.019 N 668 68J O.l:S5 

Mexico 0.1145 5.71\-05 230 0.70 230 0.70 

~ 
Tut.ii Solid W.tsle 668 0.83 15.5 ll.019 230 U.70 913 1.55 

P.id .. a~eTutal 

United State» 827 1.03 17.1 0.021 845 1.05 

Mexico 626 U.78 178 0.22 9,800 6.46 Hl,604 7.46 

Total Solid W.isle 1.453 1.81 195 0.24 9,81KI 6.46 11,4•18 8.52 

Source; for.anUin As:.od.1lcs, Ltd. 
- - - - -



~ASSOCIATES. rm 

Table 14-la 

SUMMAllY OF AlMOSPHERlC EMISSIONS FOR. 
NON-llEFILLABLE CLASS SOFT DRINIC B01TLE 

<Emissions per 100.000 itimas> 

United States Maim 
Pmass Fud TCIGI Procas Fuel Total 

Emissions Emissions Emissions Emissions Emis5iom Emissioas 
Atmospheric Emissions {kg) 

?articulates 16.5 0.73 1-., ,_ 633 S.07 .;.u 
~1trogm Oxides 0.15 3.86 -l.02 36.J 36.3 
Hydrocarbons 0.56 IZ.9 13.-l 97.1 97.l 
Sulfur Oxides 0.75 U6 3.02 149 li9 
Carbon Monoxide HO !.02 i.-11 0.6-1 ~-1 :S.7 
Aldehydes 0.045 0.045 0.38 0.38 
Methane 0.D27 0.027 0.19 0.19 
Other Organics 0.32 0.32 i.01 ::-.01 
~ UE~ UE-05 3.lE-04 3.IE-04 
Ammonia O.OOS2 HE-04 O.IDS 0.0080 o.ooso 
lead 3.0E-06 3.9E-05 .u£.;JS O.D061 0.()()61 
Fossil Carbon Dioxide 369 U68 i.J37 15.978 15.978 
Non-fossil Carbon Dioxide i32 m 
Hydrogen Chloride l.OE-05 1.0E-05 2.-IE-04 2.-lE-04 
Mercury !.lE-06 2.1E-il6 -lOE..J4 -1.0E ... ]4 
Chlorine 0.059 0.059 
Chromium Compounds l.SE-06 9.8E-05 l.QE .. J4 o.oos; 0.()()57 
Manganese Compounds -l.OE-05 l...5E'1J4 l.9E.;J4 o.oo;s 0.0078 
~ickel Compounds -l.iE-07 l.ZE-04 l.1E..J4 •1035 0.035 
Zinc Compounds 3.IE..jJS 3.lE .. JS 
Copper Compounds 3.iE-06 HE-06 
Antimony :-. .:E-04 :-.,ZE ... )4 
Arsetic UE-05 UE-05 O.oo34 0.0IJ3.l 
Beryllium 5.oE-06 5.6E-06 3.3E-04 3.JE-04 
Cadmium O.oo30 0.0030 
Cobalt -l-lE-06 UE-06 0.0020 0.0020 
Selenium 1.iE-06 1.7E-Q6 7.9E-04 7.9E-04 
Sulfuric Acid 5.34 5.34 
Na202 0.0010 0.0010 
K02 0.0010 0.0010 v:os 0.0010 0.0010 
Silicon Dioxide 13.6 13.6 

Source: Franklin Assoaates, Ltd. 
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T~lel4-A 

SUMMARY OF WATEPBORNE EMISSIONS FOR 
SON-llEFILLABLE GLASS SOFT DlllNlC BOTTLE 

IEDUssioas pa- 100.000 items) 

UnitedSbta 
PIUCe5S Fad Total Process 

Emissioas Emissions Emissions Emissions 
Water!Jome Emissions I~ 

Acd 0.:3 7.-IE-08 0.:3 
Metal Icn 0.0016 0.0016 
Dissolved Soiids O.:J4 0.96 l.:"9 
~ed5oiicis 0.014 i.3E--04 0.015 :_97 
300 UE-J4 9.lE--34 
COD Q.0043 \}_004J 
~henol L5E~J4 ilE-06 1-oE~ 

3uifides 
Oil 0.0013 0.026 0.02i 
5uituric Aca ll ~o O.!O 
iron 0.057 0-lT'.b 0.082 
Anunorua :;"JE..14 1..1E--04 3.JE.\14 
Cuomium :!..9E.J7 2.9E-Oi 
Lad o.JE~T7 L3E.Ji :-.~E--07 

z:nc ~-1£ .. )5 !.9£ .. )6 UE-05 
C:-anide J3f .. )4 33E..J.I 

Source: Franit!in .~tes. L!ci 

14-14 

Mmcu 
Mad Tobi 

Emissioas Emissions 

L""E-06 L'"E-06 
0.033 ()-1133 
L~ ~--G 

~-1~ 3.tlJ 
u..39 0..39 
0-05 a~ 

()JJOi3 •J-00i'3 
J.OOW 0-~ 

J_.;s J.~ 

030 ~30 

tll-l 0.!-4 
O.C6i' 0.061 

95E-O-I 93E-1ll 
3.lE--06 3.lE..J6 
-l.:c-OS -43E-tl5 
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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 sy~tem and the non-refillable glass soft drink 
bottle system are presented in Tables 1-1-10 and 1-1-11, respectively. 

1-1-15 
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Table 14e9 

ENERGY REQUIREMENTS FOR DISPOSAL OF GL.\SS PACKAGING 
(gigajoules for units disposed per 100.000 items) 

Packer Lmdfill Total 
Truck Equipment Disposal 
Energy Energy Energy 

Refillable Glass Soft Drink Bottle• 
Glass Bottle 0.041 0.024 0.065 
Steel Oosure 0.038 0.02-1 0.062 
Package Total 0.078 0.048 0.13 

Non-refillable Glass Soft Drink Bottle 
Glass Bottle 0 .... 

~,;, 020 0.53 
Steel Oosure 0.038 0.02-l 0.062 
Pacbge Total 037 022 0.59 

• Allocated over 25 trips per bottle before disposaL 

Source: Franklin Associates. Ltd. 
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Tablel4-tG 

SUMMAllY OF :tIEl.-tlfl.\TED ENVIRONMENTAL EMISSIONS FOi. 
DlSPOSAL OF lt.EfllLULE CUSS SOFT DIUNk IOTI1.ES 

!Emissions rw-m dispoad per lGOJm __,. 

Ulldfill Total 
PacbrTrack Eqaipmmt Disposal 

Emiffions E:aiuions Emissions 
-~ E:nmmns•.q:) 

PanicuWe o.oo;-1 0-0046 a.au 
N"~Oxide 0.1199 IJ.061 \l.16 
H~ OJJ2S a.ots !l.0.U 
Sulfur Oxides o.oz3 •lOH o.aJ8 
Urban Monoxide l).IJ32 0.IJ20 ll.051 
Aldehyde 0.0015 9~-04 a.oms 
~ l.IJ9E~ o~~-06 L:6E-05 
Ctlter Org3nlcs l.aDE-07 i..azE..J7 :..:,SE.;J7 
!Cttasene 3.T.C..19 3..32£--09 b8E"'J9 
~ 5.ZJE..;)6 3.iJ9E--06 !..EE .. 15 
lad j.szE .. J7 H1E..J7 i.94E.;J7 
fossil Cuban :::;;ow::e 5.71 353 Q~4 

H~Cllonee !."3£.Ji l.50E-lli 3.93E-'J7 
~ l.30E..J8 UlE.;Ji :_92s:-.. ~ 
Chionne -l-."t..;)6 ~-116 o . .J!E..;)6 
Ovomnan CompNnds l.30E .... ... , 9Z"E-08 ::...UE-.17 
Manpnese Clln?JW'Cs l.ci6E.Ji l.:DE-Oi !.SC>E-Oi 
:'.'iicke! C\llllpounCS 1.c.5E--06 l.02E-06 :.ooE.J6 
. .\r!runon~ 3..Ef .. )8 .:;..19E.Jll z.:-.;E-11 
-~ UJ2f .. ); o.32£..Jll b,r; .. r, 
~um 332£-09 3.=E-09 l.J&E--08 
Cldmium t..::C..;Ji :-.!3E...J8 ~..(J7 

C.:ibalt l.:»E .. Ji :i.:OE·l8 !.ill .. )7 

5eieNum J.S5£ .. )8 :..38E..J8 ~E_.l8 

Sulfunc .~ad !.6i'E~ l.6:!'"£-0& •.32£-04 
~uoi t.:»E .. Ji U)tE--07 :..!Hf..(J7 
!(02 l.63E1 li l.JlE .. Ji ~E .. Ji 
V!OS !.63E..J7 Ul1E..J7 2.64£ .. )7 

Soiiid w .Ullt lk~ l).QOIH J.0058 il.DlS 
5olid Wasre tCU all 1.18£ .. )S ;-:,c .. 'j6 L9QE .. J5 

W~terbome Emwiom tkgJ 
Aad 6.0lf..}i -l.Olf .. )9 t.06E"'l8 
~lion 1~4£ .. Ji ;-53f .. )5 !.OOE-04 
OWolved Solids 1).00S4 l).Q033 J.008: 
Suspended Solids -1.-1.-e .. 14 !...IE-04 :".lSE..J4 
BOO 0.001~ 9.00E-04 il.oo2-& 
COD 0.002S 0.0015 0.0040 
Phenol 2.:"9E .. J5 t.O'JE--05 U7E..J5 
Sulfides l.51E-'l5 H-&E-06 ::..42.E-'>5 
Oil •l.0013 ~.lSE--04 •J.002-& 
Suifunc . .\ad 336E--05 2.14£ .. 15 H8f.,JS 
[ron l.1JE-'l5 6.83E--06 l.SIE..J5 
.~nu !.35E..J4 l..33E--04 -1.:0E .. >4 
C!uonuum lciOE-06 :?.18£-116 5.;'8£.,)6 
lad Lli'E .. J8 :'.lOE .. 19 !.'8£ .. )8 
Zinc l ;"'!E.,J7 1.04E .. J7 :?.:"6£.,17 

• Alloall'!d over :S mos per~ beto~ disf>OYI. 

Sourer. Franklin .~ta. L:d. 
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TuleH-U 

SUMMAllY OF FUEL-llELA TB> ENVDlOSMENI"AL BaSSIONS toll 
DlSPOSAL OF ~REFILL\ILE CU;;S SOFT DRINIC IOTI1.ES 

IF•na-s for anib dispoHcl pu 100.000 itaas1 

t.dfill Total 
Patt Trad: &taipemr OispoH1 

Emissi-s Emissi- Emissimas 
. .i.tmospbeic EmlS5IOl1S (~ 

?3nic-.IY:es 0Jl35 0021 o.aso 
~~Oudes ll..-16 0.::5 ;).;'-I 
H~bon:I a.r:. o.on ll..!9 
Sulfur 0-<Jdes 11:1 tllJ60 0.18 
Urban ~onoiade 0..~5 '1JJ90 •J.1-1 
. .\lde!I~ O..oo71 Cl00"3 rum 
MftNne 5.ll9E-E 3.0SE-05 U::"E.JS 
Othel'Orpma ::'.;:E .. r, UCJE-07 r.:-&E .. J6 
Kcrosme !.31.E-Ja i.32E-IJ! "-'lJE .. J8 
-~ 3.!5E.J5 2.J3E-OS i.•!F.-.15 
Lad ;:_~E-'16 tSi"E-()6 .o.:=E..J6 
Fossd Uri>on Cio~ ~-:- 16.1 -C.9 
~ ydrr~ C"llonae ~-l-IE-)6 ii.B@E-07 L~"i.E..J6 
."fen:urv :i.-li.E-16 ;.nE.JS USE.U, 
CIJor.ne ~E-15 L?lE-05 3.11E--05 
.:hromium C.Jm?lW1'fs :-.QlE .. ;, -1.15.E-07 l.!3.E--06 
~n~~ CJmpounds :-.~E..r, -L ""':.E-07 !.:5E ... J6 
~ickei C.)mpounds :":UE .. '16 UiiE-16 t.:tE-lS 
Ancmony •. ,j0£.,)7 Lil1E.J7 :?.:ii"E..,J7 
Anenac -1.~E..Ji :..90E-J7 :-.mE...J7 
~Ilium J.99E .. ll !.UE~ ii.-tOE .. 18 
Ci.in-uwn 5-93E-Ji 3..59E..J7 H2E-li' 
C.Jba.t -1--0E-li ~E .. J7 ;- 34.E-li 
Seleruum r.~E-li UJ9E.J7 !.39E-li 
SwfuncAad 0.001:. '."'.5iE-iJ4 ·l0020 :'>lum :-.65E-l7 ~-ii3E .. J7 !.:JE..J6 
l<02 :-.65E-li ~-ii3E...J7 L.:JE~J6 v:cs ;-_65£-Ji UJE-.17 1.13.E .. )6 

Solid 'N Hte : k~) ().~ 1).02:" O.Qil 
5oiid 'Nute •.:u ml 5.31E-J5 DJE.,15 Uo&E-JS 

W•rerbome E."lUSSions 1k~J 
. .\ad ii.OlE.J9 -l.Ol.E.J9 !.ll6E ... l6 
Meta!!on 1..:-1£..).l ':' 33E-05 !.OOE-.ll 
:>issoived Solids 0.()05.& ll.0033 0.0087 
Suspended Solids ·U7E-J.I :!.:LE-04 :".!8£.,14 
BOO 0.0015 9.00E-d4 !).002-& coo !l~ 0.0015 tl.OOIO 
?hmol ::.~E-15 i.59E-05 H;'E .. JS 
Sulfides UIE..J5 9.:o&E-Ofi 2."2£ .. JS 
Oil 0.0015 ~ lSE-04 IJ.00:-& 
Sulfunc .~ad 3.S.E-JS :.t-&E-05 ;.oa.E .. :is 
!ron 1.!JE .. JS 6.dJE-06 :.31E-lS 
A.mmorua 2.35£ .. )1 U!SE-04 ·'-!OE-04 
Chromium J.60E-06 :!.18E·•16 ;.;'8E .. 'J6 
~~ !.l;"E .. )8 i !OE..J9 t.38E-08 
Zi.nr 1.~,E .. r, I o.JE--07 z.:-i;E .. 11 

::iource: !'ranklin -~SOC" .. fes. L:d. 
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