
VALUE ADDED TO RECYCLABLE
MATERIALS IN THE NORTHEAST

Prepared for

THE NORTHEAST RECYCLING COUNCIL
Council of State Governments
Brattleboro, Vermont 05301

Prepared by

ROY F. WESTON, INC.
Wilmington, Massachusetts 01887

May 8, 1994

Work Order No. 10504-001-001





TABLE OF CONTENTS

Section

1

Title

EXECUTIVE SUMMARY

2

1.1 Purpose of Study
1.2 Summary of Approach
1.3 Summary of Results

OVERVIEW OF METHODOLOGY

1
2
3

13

2.1 Conceptual Approach
2.2 Analytical Boundaries
2.3 Determination of Quantities Processed

and Manufactured
2.4 Calculation of Value Added

13
13

15
17

3 DETERMINATION OF QUANTITIES RECYCLED 19

4

3.1 Introduction
3.2 Derivation of Employment Data
3.3 Development of Processing and Manufacturing Rates
3.4 Determination of Quantities Processed and Used in

Manufacturing

3.4.1 Paper Processing and Manufacturing
3.4.2 Glass Processing and Manufacturing
3.4.3 Multi-material Processing

DETERMINATION OF VALUE ADDED

19
19

22

23

27
35
36

37

4.1 Approach
4.2 Value of Materials
4.3 Refinement of Material Quantities
4.4 Determination of Value Added

37
37
39
44

Printed on recycled paper containing a
minimum of 10% post consumer fiber.

ii





SECTION 1

EXECUTIVE SUMMARY

1.1 PURPOSE OF STUDY

Under contract, to the Northeast Recycling Council (NERC), Roy F. Weston, Inc.
(WESTON®) developed an analysis of the value added to material recovered from the
municipal solid waste stream through processing of recyclables and manufacturing using
feedstocks from recycled sources in the Northeast region. The purpose of the study is to
quantify the economic activity associated with recycling in the region, which will aid in the
promotion of investment in the recycling industry.

NERC is a non-profit, non-partisan organization directed and supported by its member
states: Connecticut, Delaware, Maine, Massachusetts, New Hampshire, New Jersey, New
York, Pennsylvania, Rhode Island and Vermont. NERC’s primary goal is the development
and stimulation of markets for recyclable materials. In the course of pursuing this goal,
NERC has recognized the lack of quantitative information regarding the recycling industry
which hinders efforts to involve the economic development and investment communities in
the development of new and expanded facilities for recycling processing and manufacturing.
This study is designed to address that lack of quantitative information by providing the basis
for understanding the nature and extent of economic activity in the recycling industry in the
Northeast.

The study is a comprehensive analysis of economic activity associated with recycling,
covering a wide range of materials, processes, and geographic areas. The comprehensive
nature of the study meant that data had to be gathered and compiled in a way that has not
been done previously. As a result, many areas were encountered in which data was lacking
and procedures had to be devised to fill these gaps. Therefore, this study represents an
important step forward in developing an understanding of the economic activity associated
with recycling. There are, however, many areas in which future data gathering could refine
the analysis and improve its accuracy.

In reviewing this report, it is important to recognize that this study was designed to improve
the understanding of economic activity associated with recycling. The report is not designed
as a solid waste management planning tool, and the results do not indicate anything about
the economic viability of recycling or its costs relative to other solid waste management
activities. In addition, since the exact nature of the analysis varies in its details from
material-to-material, comparisons between materials should only be made with a full
understanding of the nature of the analyses performed.

What the report does provide is state-by-state and material-by-material data on quantities
of recycled material processed and manufactured and the level of economic activity
associated with that processing and manufacturing.



1.2 SUMMARY OF APPROACH

The methodological approach utilized in this study is described in Section 2 of this report.
The key aspects of that approach are as follows:

The difference in value of a material before and after a given process is used to
quantify the economic activity associated with that process. For instance, if the
value of a material is $20 per ton at the start of a process and $50 per ton at the
end of the process, $30 per ton of value has been added. If 100 tons go through
that process, it is estimated that $3,000 of value has been added, representing
$3,000 of economic activity.

Recycling activities are divided into two categories: processing and
manufacturing. Processing involves accepting material as collected and
producing as an end-product a material that is technically equivalent to virgin
material. Thus, for example, plastics processing includes all activities after
collection through the production of plastic pellets that can be used in
manufacturing. This could include multiple firms: for instance, one that
separates and bales the plastics, and one that produces pellets. In fact, these two
types of activities were divided into two stages of processing, and this was done
for a number of materials. Manufacturing includes activities to produce a
wholesale product from the virgin-equivalent end-product of processing.
Continuing the example of plastics, this includes production of plastic sheet.

The amount of recyclable material processed and utilized in manufacturing is
estimated by determirting tons-per-employee processing and manufacturing rates
for different categories of processors and manufacturers, and applying these rates
to estimates of total employment in each of these categories. The processing and
manufacturing rates were determined through surveying of processors and
manufacturers. The estimates of employment by category were prepared by state
Departments of Labor, using lists of firms prepared by NERC.

The following criteria were utilized to guide decisions in filling data gaps and
making adjustments to the methodology: 1) select approaches likely to produce
conservative results; 2) be conceptually consistent from one approach to the next;
and 3) select approaches with a precision that matches tha~ of the known data.

1.3 SUMMARY OF RESULTS

Some of the key findings contained in this report are as follows:

Approximately 103,400 people are employed in firms that process recyclables or
use them in manufacturing in the Northeast region. This represents 2.7 percent
of the approximately 3.8 million jobs in the manufacturing sector in 1991 for the
same ten-state region. A state-by-state breakdown of recycling employment is
shown in Figure 1-1, and a comparison with total manufacturing employment is
presented in Table 1-1.
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Material-by-material employment totals are presented in Figure 1-2.
Approximately 25 percent of the recycling employment in the region is in
processing firms, and 75 percent is in manufacturing firms. Paper manufacturing
is the leading recycling employer, with approximately 48,000, or 46 percent of the
total regional recycling employment. Multi-material processors are the next
largest contributor to employment, with approximately 9 percent of total
recycling employment. The percentage of total recycling employment associated
with each material is illustrated in Figure 1-3.

Figure 1-4 presents a summary of material quantities processed and
manufactured. Approximately 9.1 million tons of paper are processed annually
in the region, which is the largest quantity of material processed. Approximately
6.6 million tons per year of metal are processed, along with 1.5 million tons of
yard waste, and 900,000 tons of glass.

Approximately 10 million tons per year of metal products are manufactured from
scrap metal, including 5.8 million tons of ferrous metal products, 3 million tons
of non-ferrous metal products, and 1.1 million tons of aluminum products.
Approximately 3.6 million tons per year of paper are produced from wastepaper
sources. In addition, about 1.8 million tons of scrap tires are used annually in
the manufacturing of products.

Over $7.2 billion of value is added to recyclables in the region through
processing and manufacturing. A summary of value is presented in Table 1-2,
along with the state-by-state totals of manufacturing value added, for comparison.
This represents approximately 2.6 percent of the total value added by the
manufacturing sector in the region.

Figure 1-5 presents the value added results by material and
processing/manufacturing stage. In this graphic, the values added for paper by
the second stage of processing and manufacturing have been combined to
eliminate an anomaly created by the assumption regarding the split between
processing and manufacturing. The total value added for each material is shown
in Figure 1-6, and on a state-by-state basis in Figure 1-7.

It is important to recognize that many detailed calculations and adjustments were made to
produce the results summarized above. Therefore, to gain a full understanding of the
meaning of the results, the full report should be read.
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SECTION 2

OVERVIEW OF METHODOLOGY

2.1 CONCEPTUAL APPROACH

Value added, as the term is used in this study, is a measurement of economic activity, and
for this study is focused on the economic activity associated with recycling. There are two
major conceptual approaches to the measurement of value added: one uses the increase
in value of material as it progresses through stages of an industry as the measure of
economic activity, and the second approach uses employment as the measure of economic
activity. The primary approach in this study is the increase in material value, in which value
added is measured by tracking the increase in prices paid for recyclable materials as they
progress through the stages of recycling.

For each material and each recycling stage the value added, on a per-ton basis, is
determined by calculating the difference between the price paid for the material at the start
of the stage and the price paid after that stage. Recyclable material is assumed to have zero
value prior to collection, and the value added during collection and processing is considered
in aggregate, since these are often integrated functions preformed by the same companies.
Thus, if the price for a certain material is $30 per ton after processing, it is assumed that
$30 per ton of value has been added to the material through collection and processing.
Similarly, if the same material has a price of $50 per ton after intermediate manufacturing,
then it is calculated that $20 per ton of value had been added during manufacturing. By
applying these per-ton figures to estimates of the quantities processed and manufactured,
the total value added is determined.

It should be noted that although the value added through collection is included within the
analysis (although it is combined with the value added through processing), all of the
economic activity associated with collection is not included. This is because some of the
economic activity associated with collection of recyclables does not add value, or at least
does not add value equivalent to the cost of the activity. In other words, a community may
invest $80 per ton to collect a certain recyclable material, but its value to a processor may
still be zero. In this instance, the $80 per ton of economic activity is not included in the
value added analysis.

This situation is a byproduct of the material value approach to the analysis. Only those
activities which directly increase the value of a material are accounted for. This is a
conservative approach to measuring economic activity associated with recycling.

2.2 ANALYTICAL BOUNDARIES

The starting point of this analysis is the point at which material is collected, and the value
of all materials is assumed to be zero at that point. Since the purpose of this study is to
quantify the economic activity associated with recycling and at this stage no economic
activity has occurred, it is appropriate to assign the materials a value of zero, even though
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certain materials may have some value at the point of collection (and some materials may
be considered to have a negative value at this stage).

The ending points for the analysis of value added are more difficult to establish, Materials
go through the processing and manufacturing stages differently, and there are also
"philosophical" differences about what is appropriate to include as a recycling activity. The
philosophical issues generally revolve around the question of how far along the
manufacturing processes should one proceed before the determination that this is the end
of the recycling activity. For instance, with relation to plastics, there is no disagreement that
the processing of plastics to separate them and produce baled material is a recycling activity.
In addition, the production of plastic pellets from the recycled feedstock is also generally
agreed upon as appropriate to include in an economic analysis of recycling. However, if a
toy manufacturer uses the plastic pellets to manufacture toys, should the economic activity
associated with the toy manufacturing be included in this analysis?

The determination of appropriate end-points for analysis required considerable time and
effort. Input was received from a review team of NERC staff and members at several points
during the development of the analysis, and as a result of this input, as well as the
information gathered during the analysis, the end-points established evolved over time. One
of the key concepts used in the discussion of end-points was virgin equivalency. We have
defined virgin equivalency as the point at which recycled materials have been processed to
the point of achieving technical equivalency to virgin materials. In other words, this is the
point at which, at least theoretically, virgin or recycled material could be used
interchangeably, and thus any processing or manufacturing done after this point is not
related to the fact that the material came from a recycled source. In the case of plastics,
as discussed above, the pellets produced would be the point of virgin equivalency.

Originally, the approach was to utilize virgin equivalency as the end-point for all materials.
This is a conservative approach, as some businesses that depend on recycled feedstocks
would not be included. It was also found to be difficult to apply in certain instances. Paper
is one example. Intermediate manufacturing (production of a material required for final
manufacturing) and final manufacturing (production of a wholesale product) are often
integrated into a single facility. Thus, in many instances in paper manufacturing there is no
production of an intermediate virgin equivalent product (such as steel sheet in the case of
ferrous metal) that is produced, sold and transferred to another facility. Even internal to
a paper manufacturing facility it would be difficult to define the point at which a virgin
material could be substituted for the recycled material, particularly without conducting a
facility-by-facility analysis. Thus, for paper it was decided that the wholesale product that
emerges from paper mills will be used as the end point for the determination of value
added.

As analysis proceeded, and more feedback was received from the review team, it was
determined that the notion of virgin equivalency would be applied as the end-point for
processing, and that manufacturing would include the next stage of economic activity after
achieving virgin equivalency. The result of this determination is that there are several
materials for which there are two stages of processing: paper, plastics, and glass. In the first
stage, an intermediate product is produced that can be sold or transferred, but has not yet



reached the stage of virgin equivalency. In the second stage of processing, the material is
taken from this intermediate stage to virgin equivalency. For paper and plastics, the first
stage of processing involves separation of materials and baling. In the case of glass, the first
stage involves sorting by color. In the second stage of processing, the following are the end-
points for these materials:

¯ ~ A pulp that could be substituted for a pulp produced from virgin fiber
is considered the end-point for processing. This is generally called deinked
market pulp.

¯ Plastic: Pellets of a single resin are considered the end-point for processing.

¯ Glass: The end-point for processing is furnace-ready cullet since this material
is the closest product to a virgin equivalent.

A summary of the end-points for processing and manufacturing is presented in Table 2-1.

There are also geographical boundaries to consider in this analysis. These boundaries
correspond to the boundaries of the NERC region. However, since the goal is to measure
economic activity within the region, whether or not that activity is attributable to the
region’s own wastes, these boundaries apply only to the location of the economic activity to
be included or excluded and not to the source of recyclable material. In other words, in this
analysis if a processing facility is located within the region, the value added by that facility
will be included in the analysis even if the source of the material processed was outside of
the region. Thus, one only needs to consider the location of facilities in determining which
activities to include, and not the source of the recyclable material.

2.3 DETERMINATION OF QUANTITIES PROCESSED AND MANUFACTURED

Very little comprehensive quantitative data exists regarding recycled materials processed and
manufactured. While there is a great deal of data available for individual components of
the recycling industry, there is a lack of comprehensive data that is or can be compiled on
a regional basis in a meaningful way. This is particularly true because the "recycling
industry" is not a single industry and is diverse in nature. This was known at the start of the
project through WESTON’s other work and was confirmed by NERC members who
indicated the lack of data necessary to support the analysis of value added. Therefore,
quantitative data had to be assembled and generated specifically for this study before the
analysis of value added could be performed.

The ideal approach to compiling the quantitative data needed would be to utilize data
already synthesized for each material on a national or state-by-state basis. This data might
then have to be broken down into sub-categories, but it would avoid the need to aggregate
data from a myriad of sources. Unfortunately, the data needed to support this top-down
approach does not exist, with the exception of paper manufacturing and, to a lesser degree,
glass manufacturing. As a result, a bottom-up approach was developed, using data gathered
from processors and manufacturers and extrapolating it through the use of employment data.
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Table 2-i

Summary of End-Points For Recycling Stages

MATERIAL STATUS MATE P,L&L STATUS
AFTER PROCESSING AFTER MANUFACTURING

PLASTICS PET PELLETS Pelists represent a material equivalent
HDPE PELLETS to virgin. Manufacturing and - points,

any, will depend on specific
manufacturers identified.

FERROUS METAL SHREDDED WHITE GOODS STEEL SHEET White goods are typicaJ~y shredded
BALED STEEL CANS STEEL INGOT during processing, while t~ cans are
BALED FERROUS SC~ CAST STEEL typically baled. Other ferrous metals
UNBALED FERROUS SCRAP can be shipped to mills baled or

unbaled. Detinnere produce No. 1
detinned bundle as an end-procbct.
Steel mills can produce steel sheets or
ingots, while foundries produce cast
steel.

PhPER PULP SUBS’nTUTES NEWPRINT Pulp ~Jbstitutes represent a matodal
PRIhmNG & WRITING PAPER equiv~Jent to virgin. One or more type=
PACKAGING/IND. CONVERTING of p~JIp sc bstifues will be used for all
TISSUE grades of paper, depending on
KRAFT PAPERBOARD availability of price information. Many
SEMI-CHEMICAL PAPERBOARD types of paper are manufactured using
RECYCLED PAPERBOARD recycled feedstocks, but the grades
CONSTRUCTION PAPER~OARD shown hera are the ones for which

quantitative data has been compiled.
GLASS CLEAR CULLET (Furnace Ready) BEVERAGE CONT~NERS Color-separated culist is produced

BROWN CULLET (Furnace Ready GLASSPHALT during processing. The vast majodly c
GREEN CULLET (Fumane Ready) glass is used to produce beverage
MIXED CULLET (Furnace Ready) containers, so this will be the

end-point considered for
color-separaled culler. To the extent
that glasspha~t manuf~,"turers =e
identified, the value added to mixed
color culler in this process can be
estimated.

ALUMINUM CANS BALED UBC ALUMINUM SHEET Processing of aluminum cans typically
FLATrENED UBC resclts in baled or flattened cans. The

vast majority of used aluminum cans
are made into aluminum s~eet.

;NON-FERROUS SCR.N~ BALED SCRAP Non-ferrous scrap is handled in a
UNBALED SCRAP variety of wayst since it represents a

range of matsdais, If the major use of
non-ferrous scrap in manufacturing in
the region can be identified, that can
be used as the and-point for
manufacturing,

COMPOST Compost is the end-point of yard
waste processing, ’Mth no
manufacturing stage. Only that
compost whicll Is sold will be included
in the analysis.

TIRES RETREADS RUBBER MODIFIED ASPHALT Only those tires shredded and
SHREDDED TIRES crumbed for recycling or reuse will be
CRUMB RUBBER counted. Production of rubber

modified asphalt may not be signifcanl
enough to Include.

TEXTILES BALED TEXTILES RAGS To the extent that baled or unbated
UNB.~t.ED TEXTILES USED CLOTHING textiles are sorted and resold at the

wholesale level for use ~s rags or usec
clothing, this "manufacturing’ scWify
wi be nc uded,
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In this approach, processing and manufacturing rates per employee are derived and applied
to employment data in order to estimate the quantities of each material processed or
manufactured. For each material a processing rate and a manufacturing rate are
determined through surveys of processors and manufacturers (in combination with data of
this type gathered previously). These rates can then be applied to the number of employees
processing or manufacturing that material in each state.

In order to gather the employment data a database of recycling processors and
manufacturers was compiled by a NERC intern (Carolyn Gradinsky), utilizing a variety of
sources. For each state and each material a listing was developed of firms processing that
material and manufacturing using that material. The listings for each state were sent to the
Departments of Labor for each of the states for them to assemble employment data. The
employment data gathered was incorporated into this study. The employment data gathered
(as well as the way in which data gaps were filled) is described later in this report.

WESTON has recently completed a quantitative analysis of recycling in Massachusetts that
involved the determination of processing rates per employee for a number of materials.
This data was utilized in this study and as a result the surveying of recycling firms could
focus on manufacturers and the processor types for which no data was available from the
Massachusetts study. In addition, since it was known that the most significant contributor
to value added in the region would likely be paper, approximately half of the total surveying
time was devoted to paper manufacturers. The results of the surveying and the
determination of processing and manufacturing rates are described later in this report.

The employment data and the processing and manufacturing rates were then combined to
estimate the quantities of recyclable materials processed and used in manufacturing. This
is done by multiplying the employment total for a particular state, material and recycling
stage by the processing or manufacturing rate for that material. The only materials for
which this approach was not utilized were for paper and glass. Since tonnage data has been
compiled on a state-by-state basis for paper and glass manufacturing, this data was used in
conjunction with survey results to characterize manufacturing without the use of a per-
employee rate. The estimates of quantities of material processed and manufactured are
described in Section 3 of this report.

2.4 CALCULATION OF VALUE ADDED

Once material quantities have been estimated, the additional data needed are prices for
each material at the end of each processing and manufacturing stage. Data was gathered
from national publications which publish prices paid for various recyclable and
manufactured materials. To the extent possible, long-term averages for prices paid in the
region were utilized. When sufficient data was available, two years of data were averaged,
in order to minimize the impact of short-term deviation in price for a particular material.

The difference in value, on a per-ton basis, was calculated between each recycling stage for
each material. For instance, if a material had a value of $30 per ton after the first stage of
processing, $50 per ton after the second stage of processing, and $100 per ton after
manufacturing, the following differentials would be determined: $30, $20 and $50 per ton.



The material would have increased in value $30 per ton during the first stage of processing,
since it started out with a value of zero. It would have gained $20 per ton in value during
the second stage of processing ($50 minus $30), and $50 per ton during manufacturing ($100
minus $50). Each of these differentials is applied to the quantity of material in that
recycling stage.

It is important to recognize that the tonnage in each recycling stage is not linked to the
tonnage in any other stage. Thus, there are typically different quantities of material
estimated in each stage. This is because recyclable material often crosses state and national
boundaries as it progresses through the stages of recycling. Since we are concerned only
with the location of the recycling activity and not the source of the material, the quantity
of a certain material processed in a state has nothing to do with the amount of the material
manufactured in that state. Thus, care must be taken to apply the appropriate tonnage
estimate to the appropriate value added differential. The results of this analysis are
described in Section 4 of this report.

WIL\ 1050400 I\001 \REPORT,FNL 1 8 618194



SECTION 3

DETERMINATION OF QUANTITIES RECYCLED

3.1 INTRODUCTION

In Section 2 of this report the methodological approach to the value added analysis is
described. During actual application of the methodology numerous adjustments and
modifications were made in order to accommodate the particular nature or lack of data
derived. In this section the manner in which recyclable quantities were actually determined
is described, along with the results. The determination of value added is described in
Section 4.

In making the adjustments to methodology and filling the various data gaps encountered,
judgement has to be applied. In order to guide these judgements, the following criteria were
used:

¯ to the greatest extent possible, consult with NERC staff and members in the
determination of approach;

¯ utilize adjustments and assumptions that are likely to produce conservative
results;

¯ maintain conceptual consistency between adjustments and assumptions; and

¯ recognize the level of precision of the known data so that highly refined and
complex assumptions or methodologies are not developed if they are not
supported by the precision of the data.

3.2 DERIVATION OF EMPLOYMENT DATA

The first step in the quantification of materials recycled is a determination of employment.
This is because the means for deriving quantities of material recycled involves application
of processing and manufacturing rates to employment totals. As described in the
methodological approach, lists of processors and manufacturers of recyclable materials were
developed for each state by a NERC intern. These lists are presented in Appendix A of this
report. The initial set of lists had separate categories for each material, with processors and
manufacturers of each material presented separately. However, the lists had to be modified
because of the manner in which employment data was to be developed.

The intent of the lists was to be able to determine the total number of employees that
process each material and manufacture each material, on a state-by-state basis. The
employment data was to be requested from state Departments of Labor that maintain files
of employment data. However, it was known that in many states, due to confidentiality,
employment data for individual firms could not be released, and if a category contained less
than three firms, the total employment for that category could not be released.
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Therefore, in order to ensure that employment for all firms was tabulated, the lists were
modified to combine categories so as to ensure that there were at least three firms in each
category.

In most instances employment data could not be determined for all firms. The Departments
of Labor generally indicated a total employment for a particular category, and noted how
many firms were missing from the total calculated. There are a number of reasons that a
firm could be missing from the employment data tabulated. These include a misspelled
company name, a firm operating under a different name, a firm going out of business, or
a firm owned by another company.

Since considerable effort was expended during the compilation of the lists to ensure that the
companies on that list were actual recycling businesses, it was deemed appropriate to try to
adjust the state-supplied data to account for the missing firms. This was generally done by
using an average employment per firm for the particular type of processor or manufacturer
in question, based on data available through surveys of firms, and the employment data
provided by the states for firms that were included. Thus if a total employment for glass
manufacturers was given for a particular state, and it was noted that two firms on the list
could not be located in the state’s employment database, the average employment for glass
manufacturers would be multiplied by two, and this total would be added to the state-
reported total.

Although the manner in which gaps in employment data were filled is not the most
conservative approach possible, we believe it is appropriate for a number of reasons. First,
as mentioned previously, there was a strong belief that the firms on the list represented
companies that were in existence and functioning. Thus, ignoring the data gaps would likely
result in an underestimate of employment. Second, it has been pointed out by industry
associations and others that some recycling businesses were not included in the lists
developed. This means that any over-estimate of employment caused by filling data gaps
would be at least partially offset by the employment missing due to certain firms not getting
onto the lists. Third, an industry association has stated its belief that the employment data
from Departments of Labor does not include all labor from small businesses, which would
also offset any over-estimation caused by filling data gaps. Lastly, in compiling the data on
average size of firms, a large number of firms were included in the average. In addition,
as more firms were added to the list included in determining the average, the average
changed only slightly. This is indicative of a statistically valid average.

The results of the estimates of employment for the region are provided in Table 3-1. The
adjustments and assumptions used in preparing the estimates of employment are described
in the footnotes to the table. The types of adjustments made (in addition to estimating
employment for firms not included in state data) include dividing metal manufacturing
employment into the three metal categories needed for the value added analysis; splitting
an aggregated list of firms with more than one type of firm into the appropriate categories;
incorporating survey data as appropriate; and using average employment per firm and
number of firms in a list to estimate totals for lists for which states could provide no
employment data.
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The net result of this analysis is that for the ten states there are approximately 103,000
employees in firms processing recyclables and using recycled feedstocks in manufacturing.
Pennsylvania is the largest employer, followed by New York, and then the three states of
New Jersey, Massachusetts, and Maine (which have virtually identical employment totals).
Manufacturing accounts for approximately 68 percent of the total employment in the region,
and paper manufacturing accounts for approximately 67 percent of all manufacturing
employment (or approximately 48 percent of total employment).

3.3 DEVELOPMENT OF PROCESSING AND MANUFACTURING RATES

Processing and manufacturing rates per employee need to be determined in order to enable
use of employment data in the determination of quantities of recyclables processed and used
in manufacturing. These rates were developed through surveying of processors and
manufacturers in the region. Firms were contacted by telephone and asked to provide the
number of employees in the firm (or at the particular facility being contacted if it was a firm
with multiple locations) and the quantity of recyclable material processed or used in
manufacturing per year. These two data items allow calculation of a processing or
manufacturing rate per employee.

If a contact at a firm was forthcoming with this information, he or she was asked additional
questions regarding the nature of the processes utilized at their facility, and the nature and
value of the end-products produced. While there were many contacts made in which
significant information was provided, it is the nature of this type of data gathering exercise
that the majority of the contacts made resulted in no information at all. Many firms are
reluctant to provide information because they believe that the type of information being
requested is confidential, particularly with regard to the quantity of material processed or
manufactured. In other instances they are unwilling to spend the time to gather the
information, or it is not possible to make contact with a person who could provide the
information desired.

It was important to prioritize the data gathering activity because of the effort required to
gather the information. Since WESTON had conducted a similar exercise in Massachusetts
focusing on processors of recyclables, gathering data from the types of firms already
surveyed in the Massachusetts study was of the lowest priority. This allowed the data
gathering for this project to focus on the manufacturers and those types of processors not
already analyzed in the Massachusetts study. In addition, data gathering from paper
manufacturers received the highest priority, since it was likely that paper manufacturing
would be the component of the recycling industry that would contribute most significantly
to the total value added through recycling in the region.

Thus, the approach to data gathering was to ensure that tonnage and employment data was
derived from a minimum of three firms in each category (including the Massachusetts data)
and to devote the rest of the data gathering effort to paper manufacturing firms. This
resulted in approximately 50 percent of the total data gathering effort being devoted to
paper manufacturing. It should be noted that at least one attempt was made to contact
every manufacturer in every material category in the region, and the additional effort
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devoted to paper manufacturing meant that time could be devoted to follow-up contacts to
maximize the data gathered from this group of firms.

Table 3-2 summarizes the results of the surveying of processors and manufacturers. It can
be seen that in three instances, the desired minimum of three firms providing data was not
achieved: gas processors, non-ferrous manufacturers and tire manufacturers. In both
instances the very small number of firms in the category meant that even with multiple
attempts at data gathering it was not possible to gather data from three firms. While the
small sample size used to derive the manufacturing rate for these categories means less
confidence in the precision of the rate, the fact that there are so few firms of these types
in the region indicates that the total contribution of these categories to the regional value
added is less significant than for many of the other categories. As a result, the lack of
precision in the manufacturing rates is of less concern than it would be for a major
contributor to total value added.

Table 3-2 shows that the range in processing and manufacturing rates per employee is rather
large. This is expected, given the many different materials and processes included. It is
important to recognize, however, that the per employee rates are an intermediate set of data
necessary for the next stage of analysis, but should not be considered an end result. It is
also important to note that manufacturing rates were not determined for paper or glass
manufacturing. This is because quantitative data has already been compiled for these
industries such that the application of per employee rates is not necessary.

3.4 DETERMINATION OF QUANTITIES PROCESSED AND USED IN
MANUFACTURING

The employment data compiled can be combined with the processing and manufacturing
rates per employee to calculate the quantities of recyclables processed and used in
manufacturing in the region. The results of this analysis are summarized in Table 3-3. For
paper processing and manufacturing and glass and multi-material processing, specialized
approaches were developed. These are discussed in greater detail below. All other
categories of processing and manufacturing involved simple multiplication of per-employee
rates and employment totals.

In determining the quantity of recyclables used in manufacturing, it is important to recognize
that estimates were made of the quantities of recycled feedstocks used in manufacturing and
no__At the total output from facilities that accept recycled material. This is critical because
many manufacturing facilities that utilize recycled material use it as a portion of their total
feedstock. Thus, if a facility used 20,000 tons of recycled feedstock and 80,000 tons of virgin
feedstock to produce 100,000 tons of end-product (assuming no loss of material), this study
only tracked the value added to the 20,000 tons of recycled feedstock, and the other 80
percent of production was not considered. This ensures that the value added calculation
does not take "credit" for manufacturing processes not associated with recycled material.
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Table 3-2

Summary of Processing and Manufacturing Rates Per EmpLoyee

Type of Firm Number of Firms Average Tons/
Providing Data(~ Employee/Year

Paper Processors 9 703

Paper Manufacturers 49

Glass Processors 2 3,100

Glass Manufacturers 5

Metal Processors 5O 709

Ferrous Manufacturers 3 1,196

Aluminum Manufacturers 3 385

Non-Ferrous Manufacturers 1 480

Plastic Processors 3 64.2

Plastic Manufacturers 6 48.2

Yard Waste Processors 7 2,992

Tire Processors 8 352

Tire Manufacturers 2 6,390

Textile Processors 7 97.3

Multi-Material Processors 3 9O6

NOTES:

v~ Includes data from "Collection and Analysis of Quantitative Data Concerning
Recyclables Processing in Massachusetts" by Roy F. Weston, Inc., February 1994.

Ton per employee rates not utilized in determining total tonnage of paper or glass
manufactured.
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3.4.1 Paper Processin~ and Manufacturin~

Processing

The processing of paper was broken down into two stages. In the first stage processors
produce sorted paper of various grades (usually baled), and in the second stage paper mills
convert that paper into pulp. Two separate sets of analyses were used to estimate the
quantities of these materials. To estimate the quantity of paper processed the number of
employees at firms processing paper was multiplied by the processing rate for paper. (It is
important to note that paper is also processed by multi-material processors, and the estimate
of this quantity is discussed in the section on multi-material progessing).

In the second stage of processing, the material is being handled by paper mills, and so the
quantity of paper processed in the first stage is not necessarily related to the quantity
processed in the second stage, and a separate approach is required. The first step in this
approach is to determine total wastepaper consumption by paper mills. This was done using
the data gathered through surveying of paper mills, as well as data compiled by the
American Forest and Paper Association (AFPA), the New York State Department of
Economic Development, and the Lockwood-Post Directory.

Table 3-4 summarizes the data compiled from surveys and other sources. The information
in the "Other Data" column includes not only mill-by-mill data compiled by New York State,
but also AFPA statewide totals for wastepaper consumed. The end-point for the second
stage of processing is pulp produced from wastepaper. Since there is no basis for assigning
values to pulps produced from different wastepaper sources or for different grades of paper
being produced, a single pulp price was utilized in the determination of value added by the
second stage of paper processing. At this stage of the analysis, the only quantity that is
necessary is the amount of pulp produced.

Based on discussions with NERC staff, NERC members involved in the project, and industry
representatives, as well as review of existing literature, it was determined that the most
accurate basis for estimating this total quantity of pulp produced was to utilize the AFPA
totals for wastepaper consumption for each state. These quantities were reduced by 20
percent, based on the assumption that 20 percent of the incoming wastepaper fiber is lost
during processing. In addition, for certain states, AFPA only reports total for a combination
of states. Thus, a combined total is reported for Maine, New Hampshire, and Vermont.
The combined total of approximately 542,000 tons was split amongst the three states based
on the relative mill capacity of each state (as reported in Lockwood-Post). The adjusted
statewide totals are reported in Table 3-3.

Manufacturing

For paper manufacturing the total quantity manufactured is the same as the quantity of pulp
produced. Thus, no additional calculations are necessary to determine total paper produced.
It should be noted, however, that to actually implement the value added analysis a
breakdown of the types of paper produced is necessary. It is at this stage of analysis that
the mill-by-mill data is particularly useful, since it allows a specific quantity of paper
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produced by a mill to be related to a type of paper produced. Nine categories of paper
production were established, based on the combination of the type of data available
regarding production at the mills, and the price data available to assign values to categories
of paper product. The nine categories are as follows:

¯ newsprint,
¯ tissue,
¯ kraft paper,
¯ linerboard,
¯ kraft board,
¯ corrugating medium,
¯ recycled boxboard,
¯ coated printing and writing paper, and
¯ uncoated printing and writing paper.

As described earlier, mill-by-mill data was compiled from surveys and literature. As shown
in Table 3-4, this data also indicates the type of end-products produced by each mill. Thus,
the mill-by-mill data allowed wastepaper consumptions reported for these mills to be
assigned to one or more of these end-product categories. In those instances in which mills
were reported to produce paper in more than one of the end-product categories, the
wastepaper consumption was split evenly between the categories. Since the mill-by-mill data
could not be compiled for all mills, a procedure had to be devised to assign the tonnage for
the remaining mills to end-product categoriesi

After pursuing numerous options about how to fill this data gap, it was determined that the
best approach involved assuming that the difference between the mill-by-mill total and the
AFPA total for each state was in the production of newsprint or tissue, depending on the
types of mills in each state. The rationale for this approach is two-fold. First, the AFPA
total wastepaper consumption is believed to be the most accurate comprehensive data of this
type that is available. Second, since newsprint and tissue have the lowest value of th~
grades of paper produced, a conservative estimate of value added would result, by assuming
that all mills without specific data produce tissue and/or newsprint.

In application, the totals from the mill-specific data were determined, and then the
difference between these totals and the AFPA estimates were determined. If the mills for
which no specific data were available in a particular state included mills that produced
tissue, then all Of the calculated differential was applied to the tissue category. The same
principle would be applied if the mills with no specific data included mills that produced
newsprint. If both newsprint and tissue were produced by the mills without specific data,
the differential in totals was split evenly between newsprint and tissue. The results of these
assumptions and procedures are summarized in Table 3-5.

Note that in carrying over the results from Table 3-4, data from mills that provided tonnage
data was not included in the survey data in Table 3-5, if no information was available

¯ regarding the end-products produced by the mill, As a result, the survey data totals in
Table 3-5 differ from those in Table 3-4 in certain instances.
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Table 3-5

Paper Production Estimates

KRAFT    LINER-    KRAFT CORR. RBC’D COATED UNCTD
NEWS TISSUE    PAPER    BOARD    BOARD MED. BOXBD    PRINT.    PRINT. TOTALS

OONNEOTICUT

Suwey Data 0 0 0 0 0 113,620 0 0 0
Estimates 0 377,860 0 0 0 O 0 0 0 377,880

0 377,680 Q 0 0 113,620 0 0 0
0 302,304 0 0 0 90,896 0 0 0 393,200

DELAWARE

Survey Data (I) 0 0 0 0 0 0 0 0 3,000 3,000
Estimates 0 0 0 0 0 0 0 0 0 0
Consumption Totah= 0 0 0 0 0 0 0 0 3,000 3,000
Production Totals 0 0 0 0 0 0 0 0 2,400 2,400

MAINE
Survey Oats (1) 140 65,000 16,900 0 0 0 18,400 0 6,500 95,g40
Estimates 103,559 t 03,559 0 0 0 0 0 0 O
Consumption TotalB 103,699 168,559 16,900 0 0 0 10,400 0 6,500 306,058
Production Tolals 82,959 134,847 13.520 0 0 0 8,320 0 5,200 244,846

0 0 0 0 0 0 93,000 0 0 93,000
0 442,700 0 0 0 0 0 0 0 442,700
0 442,700 0 0 0 0 93,000 0 O 535,700
0 354,160 0 0 0 0 74,400 0 0 428,560

NEW HAMPSHIRE

Survey Data (1) 0 2,500 22,665 0 0 0 25.200 0 0 50,565
Es0mstee 0 211,770 0 0 0 0 0 0 0
Consumption Totals 0 214,270 22,865 0 0 0 25.200 0 0 262,335
Production Totals 0 171,416 18,292 0 0 0 20.168 0 0 209,868

NEW JERSEY

Survey Da~ (1) 230,000 95,000 2,000 28,300 23,400 0 121,400 0 2,000 502,100
Estimates 155,550 155,550 0 0 0 0 0 0 0
Consumplion Tot ale 388.580 250,550 2,000 28,300 23,400 0 121,400 O 2,000 813,280
Production Totals 308,440 200,440 1,600 22,640 18,720 0 97,120 0 1,600

NEW YORK

Survey Data (1) 0 178,050 52,625 62,400 78,000 65,000 293,265 20,000 19,750 769,110
Estimates 0 123,090 0 0 0 0 0 0 0 123,090
ConaumpSon Totals 0 801,140 52,625 62,400 78.000 65,000 293,285 20,000 19,750 692,200
P~oduction Tolais 0 240,912 42.100 49,920 62,400 52,000 234,626 16.000 15,800 713,760

PENNSYLVANIA
Sunday Data (1) O 0 40,000 0 0 24,000 946,400 0 27,300 1,037,700
Estimates O 39.400 0 0 0 0 0 0 0 39,400
Consumption Total= 0 39,400 40,000 0 O 24,000 946,400 0 27,300
Production Totals 0 31,520 32,000 0 0 19~200 757,120 0 21,840 861,680

VERMONT

Survey Data (1) 5,500 23,000 0 0 0 77,500 0 0 106,0OC
3,306 0 0 0 0 0 0 O
8,806 23,000 0 0 0 77,500 0 O
7,045 18.400 0 0 0 62,000 0 0 87,445

230,140 346,050 157,890 90,700 101,400 202,620 1,567,185 20,000 58,550 2,774,03E
259,109 1,457,256 0 0 0 0 0 0 0

489,249 1,803,306 157,390 90,700 101,400 202,620 1,567,185 20,000 58,550 4,490,40C

391,399 1,442,645 125,912 72,560 81,120 162,096 1,253,748 16,000 46,840 3,592,32C
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3.4.2 Glass Processing and Manufacturin~

Processing

For glass processing, two stages of processing were assumed, based on the nature of how the
material is typically handled. The first stage of processing is assumed to occur at multi-
material processing facilities. These facilities sort glass into colors, and although some of
them produce cullet from the sorted glass, it was assumed in this analysis that these facilities
produce sorted glass. The second stage of processing produces color-sorted culler that is
ready to be used by manufacturers. This second stage of processing is assumed to occur at
processing facilities that only handle glass. In some instances, the color-sorted glass from
a multi-material processor may go to a second stage processor, but it is likely that in most
cases the two stages of processing are going on in parallel, with the multi-material
processors and glass processors both selling material to brokers or directly to glass
manufacturers.

The derivation of glass quantities processed by multi-material processors is described in
Section 3.3.3 of this report. The quantities of glass processed by glass processors (second
stage processing) were determined by utilizing the per-employee processing rate defined for
these processors, and the state-by-state estimates of employment in this category. The one
exception to this is for Massachusetts. In a previous study for Massachusetts, WESTON had
quantified the amount of glass processed in the state. This estimate was used, and the
amount processed by glass processors was defined as the total estimate less the quantity of
glass estimated to be processed by multi-material processors. It is also worth noting that
in most states no glass processors were identified. This is because glass processing is often
handled at multi-material facilities.

Manufacturing

As with paper manufacturing, an existing source of information contains compiled
information on the consumption of recycled material in glass manufacturing. The existing
data source is a report titled "Glass Container Markets in the New York Region," prepared
in 1992 for the New York State Department of Economic Development by Resource
Management Associates. Since it focused exclusively on the glass industry, the New York
study contains a more extensive survey of glass manufacturing in the region than could be
accomplished within this study. Thus, it was determined that using the data from the New
York report was likely to be more accurate than extrapolating from the data gathered during
surveys of glass manufacturers during this study.

Thus, the data for glass manufacturing was taken directly from the New York study, with
only one adjustment. The tonnage reported for New England in the study had to be split
between Connecticut and Massachusetts (the only states in New England with glass
manufacturers utilizing glass cullet as a feedstock). The split between these two states was
based on the relative employment in glass manufacturing in the two states.
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3.4.3 Multi-material Processin~

The determination of total tonnage processed by multi-material processors is done in the
same manner as all other processors, i.e. application of a per-employee processing rate to
the employment totals in this category for each state. However, since these processors
handle a variety of materials it is necessary to split the total quantity of material processed
into material categories. Only in this way can this data be incorporated into the value
added analysis.

As is shown on Table 3-3, the total tonnage processed by multi-material processors is split
between glass, metal, paper and plastic based on data from four multi-material processors
which reported specific quantities of material processed. Two of these facilities are publicly-
owned material recovery facilities and two are commercial firms that process multiple
materials. These facilities are located in states with and without bottle bills. By utilizing
data from private and public facilities and non-bottle bill and bottle bill states, the average
determined is designed to represent the spectrum of multi-material processing. The split
in materials is determined as follows:

¯ paper - 79.1 percent;
¯ glass - 10.7 percent;
¯ metals - 9.2 percent; and
¯ plastic - 1.0 percent.

The mixture of materials from these facilities was assumed to be representative of the mix
from all multi-material processors, and on this basis the total tonnage of material processed
was assigned to the four material categories. A further breakdown ot these quantities into
subcategories is discussed in Section 4.



SECTION 4

DETERMINATION OF VALUE ADDED

4.1 APPROACH

With the estimation of tonnages processed and manufactured complete there are three steps
left to determine the value added through recycling: 1) establishment of value of materials
at each stage of recycling; 2) refinement of material quantities to reflect the categories in
which price data is available; and 3) application of the material value estimates to the
material quantity estimates to determine total value added.

4.2 VALUE OF MATERIALS

For each material category there are a number of subcategories based on a more specific
designation of the type of material and the stage of processing or manufacturing it has
achieved. As a result, even though there are only eight major material categories, 41 price
categories were defined. These categories are listed, along with the price determined and
the data sources, in Table 4-1. In all instances, attempts were made to average price data
over a two year period so as to minimize the impacts of temporary shifts in prices. The
price information requiring more specific explanation is as follows:

Weighted Average Baled Paper Price: The prices for baled paper in the five
wastepaper categories defined were determined and are used in the calculation
of value added in the first stage of processing. In order to determine the value
added in the second stage of processing, the differential value between baled
paper and pulp must be determined, and as a result, an average price for baled
paper is needed. The weighted average price determined is based on the relative
quantities of each type of paper processed in the first stage of processing and the
price for baled material of each type.

Weighted Average Plastic Pellet Price: In order to determine the differential
value between plastic pellets (the second stage processing output) and the
manufacturing output, an average value of plastic pellets must be calculated.
This is done based on the mix of plastic pellets processed, and the price for each
pellet type.

Plastic Sheet Price: The type of products produced by plastics manufacturers
from recycled feedstock varies widely, and there is no known source of published
information regarding the value of these products. Therefore, it was decided to
use the value of a plastic product that would conservatively estimate the value
added through plastic manufacturing. A plastic manufacturer that produces
plastic sheet provided price information for this product. This is believed to
represent a price at the low end of prices for products produced by plastics
manufacturers, and thus should provide a conservative estimate of value added.
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Table 4-1

Material Prices

PRICE
MATERIAL CATEGORY S/TON
Baled ONP $16.00
Baled OCC $31.55
Baled Mixed Paper (S1.8~
Baled Pulp Subs $221.00
Baled HGD $112,00
Wtd. Avg. Baled Paper Price $65.1
Pulp $533,00
Newspaper $416.33
Tissue $350.00
Kraft Paper $598.00
Linerboard $342.00
Kraft Board $736.00
Corrugating Medium $309.00
Recycled Boxboard $452.00
Coated Printing & Writing $988.00
Uncoated Printinq & Writinq $689.00
Clear Glass $7.60
Brown Glass $5.85
Green Glass $2.75
Clear Cullet $50.70
Brown Cullet $37.10
Green Cullet $15.10
Clear Bottles $295,00
Brown Bottles $295.00
Green Bottles ~;295.00
Baled HDPE $143.00
Baled PET $129.00
HDPE Pellets $529
PET Pellets $928
Wtd. Avg. Plastic Pellet Price $752
Plastic Sheet 20.00
Ferrous Scrap $84.53
Baled Steel/Tin Cans $62.60
Wtd. Avg. Ferrous Scrap Price $83.19
Non-ferrous Scrap $280.00
Aluminum Scrap $440.00
Baled Aluminum Cans $691.00
Wtd. Avg. Alum. Scrap Price $531.27
Steel Products $288.00
Secondary Lead $660.00
Secondary AI, In,clot ~1~275.00
compost ~51.67
Crumb Rubber $235.00
Rubber Products $300.00
Wiping Cloths/Used Clothing $350,00

SOURCES: Pulp and Paper Week; Recycling Times;
Plastic News; and American Metal Market
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Weighted Average Ferrous Scrap and Aluminum Scrap Prices: For ferrous
metal and aluminum emerging from processors, two subcategories had to be
created for each metal, based on two very distinct types of scrap. For ferrous
metal the two categories are steel/tin cans and ferrous scrap; for aluminum they
are aluminum cans and aluminum scrap. For each of these metals, the two
subcategory prices had to be averaged in order to determine a differential
between the scrap price and the price of material produced by manufacturers.
The weighted average was determined based on the relative quantities of the two
subcategories of metal processed.

Steel Products: Ferrous manufacturers provided little data regarding the nature
of products they produced from recycled feedstock. One product that was known
to be produced is reinforcing bar. Since this material has a relatively low value
compared to other steel products, it is conservative to assume that all steel
produced from recycled material is in the form of reinforcing bar. This is the
price data that was utilized.

Secondary_ Lead: Non-ferrous manufacturing covers a wide spectrum of metals.
Since the mixture of metals is not known, a conservative assumption was made
that all non-ferrous manufacturing is in the form of lead. This is conservative
due to the low value of lead relative to other non-ferrous metals.

4.3 REFINEMENT OF MATERIAL QUANTITIES

For a number of material categories, the quantities of material proce.ssed had to be broken
down into subcategories to reflect the differences in price between different types of
material. These refinements are summarized below, and the results presented in Table 4-2.

Paper Processed

The total amount of paper processed was determined by summing the estimates of paper
processed by firms that just process paper and the paper processed by multi-material
processors. This total was then broken down into the five wastepaper categories for which
price data was determined based on the mix of paper consumed and exported from the
region. In other words the total amount of each of these five paper types consumed by mills
in the region and exported from the region was determined. From this it was found, for
example, that 21 percent of the total paper consumed in, and exported from, the region was
newspaper. It was assumed that 21 percent of total paper processed would be newspaper,
since the mix of paper processed should approximate the mix of paper consumed and
exported from the region.

Glass Processed

The total quantity of glass processed was divided among the three colors, based on data
from processors reporting the quantities of different colors of glass processed. This split of
colors was assumed to apply to the second stage of processing and manufacturing, since it
reflects the mixture of colors of glass produced.
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Plastic Processed

As with glass, data from processors reporting the quantities of types of plastics processed,
a split between HDPE and PET was determined, and applied during both stages of
processing.

Metal Processed

For metals, the material processed by multi-material processors is generally different than
that processed by firms that just handle metals. Multi-material processors tend to handle
metal containers (aluminum and steel cans) but very little other types of scrap. Therefore,
the total metal processed by multi-material processors was split between aluminum cans and
steel cans based on data from processors reporting the different quantities of each material
handled (44 percent aluminum cans, 50 percent steel cans). For metal processors, the split
of material into ferrous, non-ferrous and aluminum scrap categories was based on data from
firms reporting quantities by material (85 percent ferrous scrap, with the remaining 15
percent split evenly between non-ferrous and aluminum).

4.4 DETERMINATION OF VALUE ADDED

The determination of value added involves determining the differential value between the
starting and ending point of each stage of recycling and multiplying that differential by the
quantity of material passing through that stage. In Table 4-2, the results of that calculation
are provided for each material subcategory and recycling stage, and a summary of the key
value added data is presented in Table 4-3. A total of approximately $7.2 billion of value
added has been estimated for the region.

One of the unusual consequences of the assumptions made in the analysis is that the paper
manufacturing stage has a negative value added for most states. This is a result of the
assumptions made regarding the end of the second stage of processing. The end-point of
the second stage of processing is considered pulp. The only published price for pulp is for
material that would actually be sold as pulp; however, the value for pulp within a paper mill
is actually much less than value for pulp that is produced for sale. As a result, the value for
the pulp assumed in this study is higher than the value for many of the paper end-products
after manufacturing is complete. Obviously, the manufacturing process after production of
pulp is not imparting negative value, otherwise paper mills would simply sell pulp and not
bother with the rest of the process.

Thus, while the value added through the second stage of processing and manufacturing may
by unrealistic on an individual basis, combined they represent a reasonable estimate of the
value added by paper mills. In other words, the value assigned to pulp artificially inflates
the value added by the second stage of processing. When one adds in the "negative" value
added through manufacturing this high value is adjusted downward to reflect the value
actually added by paper mills recycling paper.
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It can be seen from Table 4-3 that paper and metals are the major contributors to value
added in the region, accounting for over 82 percent of total value added, split roughly evenly
between the two materials. Glass is the next biggest contributor, accounting for
approximately 5 percent of regional value added, with plastic and tires contributing
approximately 3 percent and 2 percent of the total, respectively. Yard waste processing
accounts for another 2 percent of regional value added, and textiles contribute less than one
percent to the total.

Splitting the regional value added by processing versus manufacturing, it is found that
processing adds approximately $3.7 billion of value regionally, while manufacturing adds
approximately $3.5 billion of value. This split is skewed, however, by the difficulty in
assigning an appropriate value to the end-point for the second stage of paper processing.
The assumptions inflate the value added through processing of paper and deflate the value
added through paper manufacturing, since paper manufacturing (defined as the processes
after production of pulp) is calculated to subtract value rather than add it. If paper
manufacturing were assumed to add zero value (instead of negative value), processing would
contribute $3.3 billion of value and manufacturing would add $3.9 billion of value.

The value added totals by state can be evaluated. Pennsylvania is the largest contributor
to total value added, primarily as a result of the large amount of metal processing and
manufacturing in the state. New Jersey is the second largest contributor to total value
added.
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