About the Scrap Tire Management Council

The Scrap Tire Management Council is a non-profit advocacy organization, created by
the North American tire industry and organized as part of the Rubber Manufacturers
Association, the principal trade association of the tire and rubber manufacturing industry.
The Council's primary goal is the creation of adequate markets and management to
properly address 100 percent of the annually generated scrap tires in the United States
and the remediation of all existing scrap tire stockpiles. The Council serves as the focal
point of industry concerns regarding the disposal of scrap tires. The mission of the
Council is to promote the environmentally and economically sound use and management
of scrap tires. To this end, the Council supports all technologies and uses for scrap tires
that are both environmentally sound and cost efficient.

The Council does not represent nor have any vested interest in any product derived from
scrap tires or used in the processing of scrap tires. The Scrap Tire Management Council
promotes the concept that scrap tires are a resource that can be used in a wide array of
applications.



Executive Summary

This is the fifth biannua report that the Scrap Tire Management Council (STMC) has
produced. This year's report, like the previous reports, provides a "snapshot in time" of
the conditions, progress and problems within the scrap tire industry. The report also
offers commentary on certain factors that have, are, or could impact the markets and
management of scrap tires.

The information provided herein is based on several sources. One of the primary sources
was a questionnaire sent to all state scrap tire regulators. This survey provides the basis
of our market and stockpile inventory data. Additionally, the STMC conducted an
intensive telephone survey. This survey was used to gain insight into certain aspects of
the market dynamics, as well as to verify data collected elsewhere. The data used in this
report is not designed to cite the source of supply nor the rate of utilization for specific
end users.

Overview: Scrap Tire Disposition

At the end of 1998, our survey indicated that markets for scrap tires are consuming
approximately 177.5 million, or about 66 percent, of the 270 million newly generated
scrap tires. The number of scrap tires generated is based on industry replacement sales
and tires on scraped vehicles. In addition, we believe that another 32 million tires, at a
minimum, are being legally and soundly managed by placement in a landfill or a
monofill, adding another 12 percent to the known disposition.

Retreading and the used tire market are also significant elements affecting scrap tire
management. Reusable tires and retreadable casings are not yet scrap tires in the sense
that they still are usable as vehicle tires. However, they are usualy handled through the
same collection system that deals with all worn tires when they are first removed from
vehicles, and thus are seen by many as part of the "scrap tire" flow. During 1998,
according to figures published by the International Tire and Rubber Association, around
28 million sound casings were retreaded. No equally creditable figure exists for the used
tire market, however it is not unreasonable to believe that the used tire market might be
around 10 - 12 percent of the total number of worn tires initially removed from vehicles,
or around 30 million units. As will be discussed later, about half of those units are
exported from the United States, and are counted as a scrap tire market.

Land Disposal |ssues

In addition to the markets that have been mentioned, several states allow scrap tires to be
placed in landfills or monofills. In general, scrap tires are landfilled or monofilled when
there are no viable markets for scrap tires within an economically accessible distance.
Some states view land disposal as another management option for scrap tires. Many
factors, including transportation costs and limited scrap tire volumes, may make it



virtually impossible to have substantial scrap tire markets in some locations. Where this
is the case, it is understandable that landfilling may be the most reasonable and cost
efficient management option. Nevertheless, land disposal of scrap tiresis not considered
a market, and the STMC advocates market development to replace landfilling wherever
feasible.

Since 1996, the use of scrap tires monofills (alandfill, or portion thereof, that is dedicated
to one type of material) has become more prominent in some locations as a means to
manage scrap tires. In some cases, monofills are being used where there are no other
markets available and municipal solid waste landfills are not accepting, or are not
allowed to accept, tires. In other cases, monofills are portrayed as a management system
that alows long-term storage of scrap tires without the problems associated with the
above ground storage. In theory monofilled processed scrap tires can be harvested when
markets for scrap tire material improve. Using monofills for scrap tires is preferable to
above ground storage in piles, especialy if a pile is not well managed. Available data
indicates that there are no negative environmental impacts from monofilling tires.

Figure 1.

Estimated Total Scrap Tire Market: 1998
Fuel 114 Million

Cement kilns 38 million

Pulp/Paper mills 20

Dedicated tires to energy 16

Electric Utilities 25

Industrial boilers 15
Civil Engineering 20 million
Products 23 million

Ground Rubber 15

Cut/Punched/Stamped 8
Miscellaneous/Agriculture 5.5 million
Export 15 million
Subtotal 177.5 million
Total Generation 270 million
Market as % of total generation 65.7 %

State solid waste regulators should carefully evaluate the economic impacts of tire
monofills. The presence of monofills and landfills that still accept scrap tires can affect
regiona scrap tire flow. Typicaly, landfills and monofills are the least cost, legal,
disposal option available to the marketplace. Consequently, a significant quantity of
scrap tires will be directed towards these facilities, and away from other market
applications. The existence of monofills and landfills can restrict the development of
other markets for scrap tires, and may eventually become the preferred disposal option in
that region. The STMC advocates that states with funds for scrap tire management




programs use them to assist in the development of end-user markets, so that land disposal
does not become the preferred disposal option.

Scrap Tire Stockpiles

Scrap tire stockpiles represent a separate aspect of scrap tire management. Stockpiles are
the residue of past (and some current, usualy illegal) methods of handling scrap tires.
One of the major issuesin dealing with tire stockpilesis to accurately assess the problem:
how many scrap tires do we have stock piled across the country?

In the last few years, many state programs have focused on stockpile abatement. In 1994,
following a survey of the states, the STMC estimated the total national stockpile was 700
to 800 million scrap tires, considerably fewer than earlier estimates. With all of the
remediation activity, especialy in the last two years, that figure has dropped
substantially.

Based on our latest survey of state agencies we estimate that the national stockpile has
been reduced to around 500 million tires as of the end of 1998. This decline in stockpile
estimates is based on three factors. The first is the aggressive programs undertaken in
several states to clean up stockpiles. In the past two years, nearly 100 million tires have
been removed from stock piles across the country. The second factor isimprovementsin
stockpile estimation. As states get closer to clean up activity, they become more precise
in estimating stock pile size, and often find that earlier estimates were highly overstated.
The third factor is, unfortunately, the loss of tiresin tire fires.

Figure 2

Estimates of Scrap Tire Stockpiles: 1998

Number of remaining stockpiles 2,791
Number of tires remediated 1996-1998 72,877,100
Number of tire fires 1996-1998 59

Scrap TireMarkets

From the end of 1996 through the end of 1998, the total number of scrap tires going to a
market decreased, based on the results of STMC surveys. In 1996, STMC estimated that
total scrap tire markets could consume more than 200 million tires, or nearly 76 percent
of total generation in 1998. As noted earlier, the corresponding figures for the end of
1998 were 177.5 million tires or 66 percent of the total generation.

The entire decline is attributable to reduced demand for tire-derived fuel. The ground
rubber market and the use of scrap tire material in civil engineering applications have
both expanded, but not enough to make up for the losses in the TDF market. There are




three mgjor reasons for this TDF market decline. First, while there were some new
facilities that started using TDF, severa other facilities ended their use of TDF with a
resulting net decline in the number of using facilities. Second, in some cases, facilities
that continued to use TDF decreased the amount of fuel used. Third, many of the
facilities permitted to use TDF in 1996 never began using this fuel.

A related cause for the decline in reported use is a result of a dightly different method of
reporting used in the STMC report. In 1996, we used each facility’s permitted or
estimated TDF capacity, rather than its actual consumption. In 1996, we included several
permitted facilities that were expected to become substantial TDF consumers, but for
various reasons never began using scrap tires on a production basis. For 1998, and in the
future, we will report only actual consumption.

The use of scrap tires in civil engineering applications increased significantly during this
period. In 1996 we reported that 10 million scrap tires were used. The 1998 data
indicated that 20 million scrap tires were used in a wide array of applications. Thisisa
100 percent increase. The factors that contributed to this dramatic increase are explained
in the Civil Engineering Application section.

The remainder of the markets, ground rubber, punched/stamped products, export,
agricultural and miscellaneous uses either remained the same or increased slightly.

Tire-Derived Fud

At the end of 1998, 72 facilities were actually using TDF on a regular basis, and these
facilities consumed 114 million scrap tires. The permitted capacity of all facilities for
1998 was 132 million scrap tires. This compares to the 1996 permitted capacity of 153
million scrap tires, from which 135 million scrap tires were actually consumed. While
the decrease in permitted capacity and the lower use of TDF is incontrovertible, there is
one point that should not be overlooked or minimized. Of all the reasons for the decrease
in TDF consumption, environmental degradation was never cited as an issue.

The end use market for processed TDF (fuel chips) has changed over time. Facilities that
once accepted a two-to-three inch piece of rubber have generally shifted to a smaller fuel
chip, typically a two by two inch fuel chip. There are a number of companies that are
producing a two inch minus chip, which typically is no larger than two inches by one and
one half inches in any dimension. These relatively smaller fuel chips also contain less
steel than larger fuel chips, which can reduce problems associated with handling and ash
disposal.



Cement Industry

Of all the TDF markets, the cement industry demonstrated the most graphic decrease in
its use for TDF. In 1996 there were 36 kilns using some 55 million scrap tires. By the
end of 1998 there were 30 kilns using TDF consuming 38 million tires. Furthermore, the
rate of use for TDF in 1996, as a percentage of fuel used, was in the 12 to 25 percent
range. By the end of 1998, the average rate of use for TDF was in the range of 5 to 10
percent.

There was one overwhelming reason for the decreased use of TDF in the cement
industry: the demand for cement. For the last two years, virtualy every cement kiln in
this country has been operating at full production capacity and can sell every pound of
cement it makes. In certain circumstances, cement production may slow down enough to
counteract the cost benefits akiln can realize from the use of TDF.

Outlook

According to most cement industry sources, the strong demand for cement will continue
for the foreseeable future. The combination of a strong economy and passage of the
Federal Highway Bill that allocates significant funds for highway construction all but
ensures a continued sold out condition for most cement kilns. Given this forecast, it
would seem to be unreasonable to expect any rapid change and increase in the use of
TDF in this market sector. There are, however, three factors that could renew interest in
the use of TDF in the cement industry.

The first factor is a new focus on nitrogen oxide. The United States Environmental
Protection Agency (USEPA) has submitted an implementation plan for a 30 percent
reduction in the emissions of nitrogen oxide (NOx) from cement kilns. This USEPA
program offers three management options to lower NOx emissions, one of which is the
use of TDF.

The second factor is the ongoing research into a new technique to introduce tires into
cement kilns. This new, patented feeding system alows the tire to be combusted in a
manner that reduces, if not eliminates, some of gas build up issues in the cool end of the
cement kiln.

The third factor is the expansion of production capacity for cement. There are at last five
new cement kilns being planned or built in the United States. These new kilns will
increase the amount of cement that can be made available to the marketplace and should
aleviate some of the production demand issues. This should also cause some of the
older, less efficient kilns to seek ways to improve production efficiency, to seek ways to
reduce fuel costs. Thiswas the original reason cement kilns began using TDF. The first
of these new kilns should be on linein late 1999. Furthermore, several of these new kilns
are being designed to accept, and plan on using TDF.



There are at least two cement kilns currently in the permitting process, with another two
cement kilns seriously considering the use of TDF. While this obviously is encouraging,
there must be a cautionary note sounded. In several of these cases, the permitting process
has become exceedingly drawn out.

The permitting process continues to present problems for potential TDF users. Some
states are taking extended periods of time to review new permits or permit modifications.
Other states are using the application for a permit revision as an opportunity to leverage
other concessions from the kiln operator. In at least one case it appears that the state
permitting process is being delayed to avoid creating a competitor for a non-TDF scrap
tire market that has received substantial state grants.

Given the present conditions in the cement industry, the use of TDF is expected to
increase at a slow rate, perhaps adding two kilns per year for the next three years.
Additionally, the kilns currently using TDF are not expected to increase the level of TDF
used until the demand for cement decreases substantially relative to supply. Thisalso is
not expected to occur until the maority of the new kilns are on line, which should occur
in two to three years.

Pulp and Paper Mills

Of al the market sectors for TDF, the use of TDF in pulp and paper mill boilers has
encountered the widest array of issues that impacted the use of TDF. These issues
include, but are not limited to, changes in state scrap tire programs (i.e., Wisconsin ended
its end user subsidy program), corporate policy decisions to stop using TDF, and the
impact the quality of TDF has on grates and ash handling systems. At the end of 1998,
18 pulp and paper mill boilers were consuming 20 million scrap tires. This represents a
decrease of 15 million scrap tires from the rate of utilization in 1996. Once again, it
should be pointed out that no mill has stopped using TDF because of emissions. In fact,
many of the mills using TDF have actually increased the amount of TDF used.

Outlook

The outlook for the use of TDF in the pulp and paper mill industry appears to be, at
worst, one of status quo, and at best, one where some facilities are seriously considering
the use of this material which may ultimately yield an increase in the use of TDF. The
indications are that there will be a slow, but gradual increase in the use of TDF in this
market sector. The combination of better quality TDF, increasing the amount of TDF
used at some mills, and the likelihood that TDF will be useful in reducing NOx emissions
should keep this market on track.



Utility Boilers

The use of TDF in electric utility boilers actually increased since 1996. By the end of
1998, there were 11 facilities using TDF consuming 25 million tires. Thisrepresents a 25
percent increase in consumption. Even so, the utility market has been and continues to be
in a state of flux. In general, there are three factors that have had an impact on the use of
TDF in this market area: (1) electric industry deregulation, (2) the implementation of the
Clean Air Act Amendments and (3) the ending of state subsidies for the use of tire-
derived material.

Concerning the first issue, the impact of electric industry deregulation has been
significant. As the industry reorganizes into a delivery side and a generation side, many
production facilities have been put up of sale. Many older, less efficient facilities have
been closed. It has been these older facilities, with their relatively inefficient power
producing systems that have benefited most from the use of TDF

Energy deregulation also offers a possible opportunity for the TDF market. Once the
buying and selling process ends, the new owners of producing operations will likely seek
ways to lower the costs of generating electricity. TDF, with its higher heating value,
lower NOx emissions and competitive cost may see increased usage rates.

The second issue, the continuing implementation of the Clean Air Act Amendments
(CAAA) as they apply to electrical generation, could affect TDF, especidly if thereis a
move away from solid fuels towards natural gas. The rationale for this management
decision is based on a utility's ability to comply, and the cost to comply with CAAA
requirements. Obviously this type of change would not be done simply because of TDF,
but nevertheless would have an impact on its use. This scenario is not implausible.
There has aready been one utility that has made this change.

Another possible concern would be if the USEPA regulation would classify TDF as a
solid waste, rather than as a fuel. The difference in the classification would have a
significant impact on the use of TDF. If classified as a fuel, TDF would not cause a
combustion facility to be required to comply with any new or additional air permitting
requirements. Clearly the facility would still be required to comply with the appropriate
regulations. However, if TDF were classified as a solid waste, the combustion facility
would be subjected to additional and more stringent permitting requirements. Such a
change would severely curtail, if not end, the use of TDF. At present, the USEPA's
indication isthat TDF will be considered afuel.

In addition to these external factors, it still takes an extraordinary long period of time for
energy producing companies to consider, test and begin using TDF, or any other new fuel
for that matter. The combination of continued market flux, the expanding impacts of the
CAAA and the time it takes to being using TDF strongly suggests that it would be
unlikely to expect any further expansion of this market sector in the near-term.



The final issue is the impact state scrap tire programs have on the marketplace. When a
state subsidizes end users, it skews the marketplace by creating a false economy. These
programs have proven effective in the sense that they provide a mechanism to increase
the end use of tires. However, these programs historically have only been effective while
the subsidy have been in effect. For example, when Wisconsin terminated its price
support for TDF, the sudden economic impact caused many of the TDF users in the state
to end their use of TDF. TDF is till used by utilities in the State, although at alower rate
of consumption.

Outlook

Overal, the combination of al the factors cited has caused a suspension in the increased
use of TDF in this market segment. While relatively large quantities are still consumed
in this market, it appears that any new market opportunities may be subject to short-term
(2 - 3 year) delays until this market segment sorts outs its internal issues (deregulation
and the CAAA). Given the issues at hand, it currently appears that there are more
positive than negative possibilities for further TDF use.

Industrial Boilers

This segment had the greatest number of changes since 1996. There were 19 facilities
that used TDF in 1998, consuming around 15 million scrap tires. Since 1996, 11
facilities permitted to use TDF either did not begin this practice or have since stopped
using tires.

There are severa reasons why facilities did not begin the use of TDF. In California, for
example, insufficient supply of quality TDF was a major issue. In Florida, two permitted
operations shut down due to conditions within their industry. Other, small-scale facilities
did not begin using TDF for what appears to be the "hassle” factor. This factor is a
combination of the lag time and expense of going through a permit modification; the cost
for a feeding system; pressures stemming from some negative public perceptions about
combusting tires; and difficulties obtaining a consistent supply of quality fuel.
Apparently some smaller-scale operators did not consider the benefits of using TDF as
worth the hassle of overcoming these factors.

Most resource recovery facilities allow tires to be used, athough it is usually on alimited
degree. In this market segment, the use of TDF is primarily a function of the amount of
solid wastes the facility can attract. In general, the use of TDF in resource recovery
facilities still represents only two-to-five percent of a facility’s fuel supply. This
typically translates into the consumption of 500,000 tires per facility per year. When tires
are allowed into afacility, the reasons are constant throughout the country: the tip fee and
heating value from TDF provide a net benefit that more than compensates for any 10ss of
flow from their facility.



Outlook

It appears that there will be a modest increase in the use of TDF in the industrial boiler
market. This increase is largely attributed to resource recovery facilities gradually
increasing the use of tires as the flow of other combustion materials decline. While none
of the identified locations have indicated they would be ending their use of TDF, we have
not identified any facility that indicated an interest in using TDF. Furthermore, changing
state scrap tire programs could adversely impact the use of in this market niche.

Dedicated Scrap Tire to Energy Facilities

The use of whole and/or processed tires in dedicated scrap tire-to-energy facilities has
remained consistent over the past two years. In 1998, as in 1996 there were two such
facilities using some 16 million scrap tires annually.

The situation with dedicated scrap tire to energy facilities appears to be one of status quo.
There are no dedicated facilities under construction or consideration. The combination of
the cost of construction, the length of time needed to complete a project of this nature and
the deregulation of the utility industry lead us to conclude that there will not be another
attempt in the near-term to construct one of these plants. There is a possibility that one
closed facility in lllinois may reopen.

Given the current conditions of the utility industry, with the trend being towards reducing
costs to lower rates, the future of these two existing facilitiesis uncertain. At present, the
Exeter facility does not appear to be in any danger of being forced closed for economic or
environmental reasons. The Modesto facility, however, is facing a series of economic
issues that could impact their financial viability. Given the aggressive rate of
deregulation, the rate paid for electricity may someday no longer be sufficient to support
the operations of this plant.

Figure 3
Fuel Markets: Projections

Cement Pulp/ Paper | Dedicated Utility Industrial
1998 38 million 20 million 16 million 25 million 15 million
2000 42 million 22 million 16 million 25 million 18 million

Ground Rubber Markets

The market for size reduced rubber continues to grow, although the last two years have
seen both positive and negative developments. On the positive side, a number of new
applications for ground rubber have been developed and several other uses have been
expanded. In addition, the automotive industry, one of the largest markets for new rubber
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products, has expressed its desire to see recycled rubber used as an ingredient in the new
rubber parts it purchases. While it may be a few years before many parts containing a
significant amount of recycled rubber are actually installed in new cars, the rubber parts
industry is currently developing and testing new products using ground rubber. This
market has al'so seen an influx of new producers, greatly increasing the potential material
supply. On the negative side, the supply capacity continues to exceed the market
demand, placing pressure on prices.

The overall market demand for size-reduced rubber in the United States was
approximately 460 million pounds at the end of 1998. This compares with the 1992
market of 160 million pounds of size-reduced scrap tire rubber, the 1994 market volume
of 240 million pounds, and the market volume of 400 million poundsin 1996.

There are two sources for tire derived size-reduced rubber: tire buffings and processed
whole scrap tires. Of the total market volume of 460 million pounds generated, about
210 million pounds, or 45.6 percent, is obtained from tire buffings. The balance of 250
million pounds, or 54.4 percent, was obtained from whole scrap tires. We estimate that
15 million scrap tires are being reduced to ground rubber. No attempt is made to
differentiate between buffing dust and scrap tire rubber in identifying markets, or to
differentiate between cryogenically produced or ambiently ground scrap tire rubber.

The estimated total quantity of buffings available in the U.S. is 250 million pounds. It
appears that these quantities will not increase since the number of tires that are retreaded
annually has declined to 28 million units.

Rubber Modified Asphalt

Ground rubber can be blended with asphalt to modify favorably the properties of the
asphalt in highway construction. Size-reduced scrap tire rubber can be used either as part
of the asphalt rubber binder, seal coat, cape seal spray or joint and crack sealant
(generally referred to as asphalt-rubber), or as an aggregate substitution (rubber modified
asphalt concrete, or RUMAC). Much has been written and said about RMA, some
positive and much negative. At one time, the US Congress felt that RMA could be a
major strategy to help dispose of tires, and passed legidlation to this effect. Unfortunately
the highway community viewed Congresss action as an unfunded mandate which was
not well received. In 1995 the Federa mandate to use RMA was repeaed. Now
however, there appears to be an increasing interest in the benefits of RMA, not only in
the fairly limited range of states currently using it - California, Arizona, & Florida - but
also in several other states.

To a large extent, any large-scale increase in the use of RMA depends on the state's
Department of Transportation's acceptance of national test results and the willingness to
begin their own state and local level programs. Even with some degree of acceptance by
a DOT, the demand for size-reduced rubber as a result of RMA applications will not
explode over night. Rather, amore gradual increase over the next five yearsis expected.
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Other Market Applications

There are six genera categories of markets for ground rubber, other than RMA. Market
availability is a function of cost, product availability, product characteristics and
substitute material availability.

Bound Rubber Products: Ground scrap tire rubber is formed into a set shape, usually held
together by an adhesive material (typically urethane or epoxy). Bound rubber products
include, but are not limited to carpet underlay, flooring material, dock bumpers, patio
floor material, railroad crossing blocks, and roof walkway pads.

New Tire Manufacturing: Powdered scrap tire rubber can be used as a low volume filler
material in several components of atire. Until recently, it was generally understood that
ground rubber use in new tires was limited to 1 - 3%. However, recent developments
indicate this figure could be increased. For the 1999 model year, Michelin North
America is producing an original equipment tire for the Ford Windstar that has a 5%
recycled rubber content. In another development, Continental Genera recently
announced that it has received a multi-year grant from the State of North Carolina to
work on incorporating ground rubber at up to 25 % in new tires. However, safety and
new product quality demands will restrain the growth of this market application.

Athletic and Recreational Applications: This market segment has been one of the fastest
growing markets for ground rubber over the last two years. Examples of this market
segment include, but are not limited to, the use of rubber in running track material, in
grass surfaced playing areas, in stadium playing surfaces, for playground surfaces, and as
aturf top dressing.

Friction Material: Friction brake material uses particulate rubber in brake pads and brake
shoes. Thisisamature industry with little to no growth expected.

Molded & Extruded Plastics/Rubber: Particulate rubber can be added to other polymers
(rubber or plastic) to extend or modify properties of thermoplastic polymeric materials.
Examples of this application are injection molded products and extruded goods. There
appears to be a significant market potential for this application due to the continuing
research and development of products using a surface modified rubber.

Automotive Parts: The automotive industry has expressed strong interest in seeing rubber
parts it purchases contain recycled content. Given the long lead time on qualifying new
parts for installation as original equipment on new cars, it is unlikely that this application
will result in any substantial ground rubber consumption in the near future. Current
consumption is limited to those few parts already qualified and being used, and to rubber
parts manufacturers engaged in testing and devel opment.

Outlook
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While the overall consumption of size-reduced rubber in 1998 was 450 million pounds,
the STMC is only tracking the use of size-reduced rubber from scrap tires. From this
total, the use of size-reduced rubber from scrap tires consumes approximately 15 million
scrap tires. At present the longer-term outlook for the ground rubber segment suggests a
more stable market. For the near-term, there does not appear to be any overwhelming
market or technological breakthrough that will radically alter the market dynamics. The
industry forecast is for continued and sustained growth, perhaps 10 to 15 percent
annually.

The overal increase in the use of scrap tire rubber will be a function of several factors:
first, the cost of virgin rubber relative to scrap tire generated ground rubber; second, an
increased rate of usage for rubber modified asphalt (RMA); third, the short-term growth
potential in athletic/recreational applications; fourth, any manufacturing method that can
incorporate ground rubber into molded/extruded products; and finally, and perhaps the
most significant factor will be the availability of supply. At present, there are severd
new ground rubber processing facilities being constructed. Should these facilities take a
predatory approach to marketing their product, the impact on the ground rubber
infrastructure could be devastating. If, however, these new production facilities focus on
new market niches, it could improve the market dynamics significantly.

Cut, Stamped & Punched Rubber Products

There has been no change in this market segment over the past severa years. The
process of cutting, punching or stamping products from scrap tire carcasses is one of the
oldest methods of reuse of old tires. This market encompasses severa dozen, if not
hundreds of products, all of which take advantage of the toughness and durability of tire
carcass material. The basic process uses the tire carcass as a raw material. Small parts
are then die cut or stamped, or strips or other shapes are cut from the tires.

One limitation of this market is that it generally uses only bias ply tires or fabric bodied
radial tires. The steel belts in most radial tires and the steel body plies in an increasing
percentage of medium truck radials are not desirable in these applications. Larger, bias
ply tires are another possible raw material for this market, and thus it may provide areuse
opportunity for some of the large off-the-road tires that are otherwise difficult to handle.

Because of the demand in this market, virtually all of the scrap bias ply medium truck
tires that are collected by major truck casing dealers are finding their way to a cutting or
stamping operation. The estimated size of this market is eight million tires. This demand
is expected to remain stagnant, since there is alimited number of bias ply tires. If no new
supply of bias ply tires can be secured, it is likely that this market segment will decrease
dlightly over the next five years as the supply of bias ply tires diminishes.

Civil Engineering Applications
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The civil engineering market encompasses a wide range of uses for scrap tires and scrap
tire-derived material. In virtually al applications, the scrap tire material replaces some
other material currently used in construction (e.g., soil, clean fill, drainage aggregate, and
lightweight fill materials such as expanded shale and polystyrene insulation blocks). This
segment of the scrap tire market is growing and is one of the best uses for tires from pile
clean-ups, as the presence of dirt on the tires is not usually a problem and a civil
engineering project can often be found near the pile, thereby minimizing transportation
costs.

Each potential civil engineering use brings with it a particular set of technical,
environmental and economic constraints that must be fully evaluated before the
application is readily acceptable. Civil engineering applications also encompass both
small and large-scale uses, which makes their consideration particularly useful to persons
seeking a wide range of uses. The potential usage of scrap tires in civil engineering
applications is substantial, particularly as their use in federaly aided highway
construction grows.

ASTM Guidelines

A major step forward in expanding the civil engineering uses of tires is the approval of
ASTM D6270-98, "Standard Practice for Use of Scrap Tires in Civil Engineering
Applications.” This document is the culmination of a 31/2-year effort of the Scrap Tire
Management Council, working in conjunction with Professor Dana Humphrey of the
University of Maine, one of the foremost researchers into the civil engineering uses of
tires. ASTM Committee D 34.15 gave final approval to the standard practice in 1998.
The document gives the physical characteristics of scrap tires as an engineering material
and describes how they can be used in civil engineering applications. In addition, the
standard practice discusses the effect of tire shreds on water quality and gives guidelines
to minimize internal heating of tire shred fills. This document will provide design
professionals a widely recognized source to obtain information on civil engineering uses
of tire shreds. Copies of the standard practice may be obtained by contacting ASTM or
the Scrap Tire Management Council.

Heating Incidents

The growth of the civil engineering markets was temporarily curtailed in early 1996
when three heating incidents involving deep scrap tire fills were detected. Two of the
incidents were in Washington State and involved road embankment fills; the other
occurred in Colorado and involved a fill over a rockslide area on a canyon wall. The
thickness of the tire shred layer in each project was between 26 and 45 feet. To seek
answers to the issues raised by these incidents, the Scrap Tire Management Council
convened several meetings of interested parties that became the Ad Hoc Committee on
Civil Engineering Applications.
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Based on available information, the committee drafted guidelines for the use of tire shred
fillsin layers up to 3 meters (10 feet) thick. The guidelines recommend that larger size
shreds be used and that measures be taken to limit the presence of fine rubber particles,
organic soil, and exposed steel belts. In addition, steps should be taken to limit the access
of the tire shred layer to water and air. The guidelines have now been distributed by the
Federal Highway Administration. Copies may be obtained by contacting the Scrap Tire
Management Council. In addition, the guidelines are incorporated in ASTM D6270-98,
"Standard Practice for Use of Scrap Tiresin Civil Engineering Applications.”

Description of Civil Engineering Applications
Subgrade Fill and Embankments

Work has been done in severa states (i.e., Maine, Minnesota, North Carolina, Virginia,
Vermont) using tire shreds as a subgrade fill, in the construction of highway
embankments, and other fill projects. The principal engineering advantage that tire
shreds bring to these projects is lighter weight (1/3 to 1/2 of conventional soil fill). Use
of tire shreds allows construction of embankments on weak, compressible foundation
soils. For most projects the use of tire shreds as lightweight fill is significantly cheaper
than aternatives, such as use of expanded shale aggregate or polystyrene insulation
blocks.

Projects using this feature of scrap tires include: the construction of two highway
embankments on weak clay in Portland, Maine; construction of an interstate ramp across
a closed landfill in Colorado; construction of mine access roads across bogs in
Minnesota; enhancing the stability of a highway embankment in Topsham, Maine; and
the reconstruction of a highway shoulder in a slide prone area in Oregon. Scrap tire
material has also been used to retain forest roads, protect coastal roads from erosion,
enhance the stability of steep slopes along highways and reinforce shoulder areas. The
importance of this application is illustrated by the project in Portland, Maine which used
1.2 million tires as lightweight fill at a cost saving of $300,000 to the Maine Turnpike
Authority.

Backfill for Walls and Bridge Abutments

Severa projects have been constructed using tire shreds as backfill for walls and bridge
abutments. The weight of the tire sheds produces low horizontal pressure on the wall,
allowing for construction of thinner, cheaper walls. In addition, tire shreds are free
draining and good thermal insulation, which eliminates problems with water and frost
buildup behind the walls. The benefits of this application were demonstrated by a full
scale test wall constructed at the University of Maine and a bridge abutment built by
Maine DOT. Recent research conducted in Maine and South Dakota also shows that the
compressibility provided by a thin layer of tire shreds placed directly against a bridge
abutment can significantly reduce horizontal pressures.
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Subgrade Insulation for Roads

One of the problems that plagues roads in northern climates is the excess water that is
released when the subgrade soils thaw during the spring melt. To prevent this, tire shreds
have been used as subgrade insulation on projects in Maine, Vermont, and Quebec. The
insulation that is provided by a 6 to 12-inch thick tire shred layer keeps the subgrade soils
thawed throughout the winter. In addition, the very high permeability of the tire shreds
allows excess water to drain from beneath the roads.

Landfill Construction and Operation

While the aim of most scrap tire market development effortsis to find uses for scrap tires
which keep them out of landfills, many landfill operators have found that scrap tires can
be used beneficialy in the construction and operation of the landfill. Scrap tire shreds
can replace other materials that would have to be purchased.

Severa operators have used whole tires or tire shreds to assist in constructing leachate
collection systems in new landfill cells (Texas, New York, Pennsylvania, Florida,
Oregon, and Maine). In addition, tire shreds have been used as the drainage layer in
landfill caps (Vermont, New Hampshire, and Maryland). Moreover, several states permit
the use of shredded scrap tires mixed with soil as daily cover material. In this use,
processed scrap tires replace fill soil that might otherwise have to be purchased. In
landfills where the management wants to alow water to infiltrate the landfill, using a
greater percentage of tires to soil allows a greater amount of water to enter the working
face of the landfill.

Septic System Drain Fields

Tire shreds can be used in small-scale, home-owner level civil engineering applications.
Shredded tires have been used in some areas as a drainage medium around house
foundations. Tire shreds are also used in several states to construct leaching fields for
septic systems. The lower density of the shredded tire material greatly reduces the
expense and the labor to construct these leaching fields, while the material provides equal
performance of the traditional stone backfill material. South Carolina, Virginia, and
Florida allow this application.

Effect of Tire Shreds on Water Quality

An important consideration for most civil engineering applications is the effect of tire
shreds on water quality. Field studies of tire shreds placed above the water table show
that tire shreds pose no significant health or environmental risks. For neutral pH
conditions (which is normal for most groundwater) there was no evidence that tire shreds
increase the concentration of metals of concern in meeting a primary (health based)
drinking water standard. In addition, there were no detectable levels of organics released
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from the tire shreds. Under some conditions, the steel belts exposed at the cut edges of
the tire shreds may increase the levels of iron and manganese, but these metals only have
a secondary (or aesthetic based) drinking water standard. Since these metals are naturally
occurring in groundwater in many parts of the country, they are generally not of concern.
A separate study of tire shreds placed below the water table is ongoing. The results from
this study are expected in 1999.

Civil Engineering: Outlook

It is expected that the acceptance and use of civil engineering applications will continue
its increase steadily over the next two to five years. We anticipate significant increases
annualy, likely to be in the 20 - 50 percent range.

Export of Tires

Export of sound used tires constitutes a major market for tires removed from initia
service. Used tires have ready markets both within the US and North America and in
many other parts of the world and are regularly sold into these markets. The export
market routinely ships slightly more than one million units per month, or more than 15
million tires per year, based on the estimates of participants in those markets. This
constitutes about five percent of the annual volume of discarded tires.

Agricultural Uses

Scrap tires are regularly used in agriculture in avariety of ways. Used tires not legally fit
for highways may be used on low speed farm equipment. Tires are also used to weigh
down covers on haystacks, over silage, or for other purposes where an easily handled
weight is needed. Tires can be used as feeding stations, to construct stock feeders, or to
protect fence posts and other structures from wear and damage by livestock. Tires may
also be used in erosion control and other land retention purposes. It is estimated that
about two and one-half million tires are used in agricultural applications each year, or
about one percent of the total volume of scrap tiresin the U.S.

Miscellaneous Uses

There are a wide variety of uses for scrap tires which do not fit neatly into any of the
preceding categories, which ranges from one of the most popular uses as a scrap tire
swing, to more exotic uses, limited only by imagination and necessity.

In terms of volume, however, these uses do not consume any substantial quantity of scrap

tires. We estimate there are about three million tires that are used in all of these
innovative applications.
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Conclusions

At the end of 1998, the market study conducted by the Scrap Tire Management Council
indicated that markets for scrap tires are consuming approximately 177.5 million, or
about 66 percent, of the 270 million newly generated scrap tires. This represented a
declined from the number of scrap tires that went to markets between 1996 and 1998. In
addition to the number of tires going to a market, the market study indicated that another
32 million tires were legally and soundly managed through placement in a landfill or a
monofill. This raises the number of managed scrap tires we can account for to 78 percent
of the total generated.

The decrease in scrap tires going to markets was due to the reduction in the TDF market.
Overall, there were a series of specialized and short-term issues causing the decline in the
use of TDF. All other markets either increased or remained steady.

On a positive note, the issues that caused the decrease in the consumption of TDF may be
resolved with the next two years. The other major market applications for scrap tires
currently appear to be sound markets, with continued growth expected, especially for
civil engineering applications. Obtaining a rate of 85+ percent of all scrap tires going to
a market or being properly managed within the next three to four years should be
considered realistic.

There are a series of positive conditions within the scrap tire industry that should be
indicators of increased future markets for scrap tires. There continues to be an
improvement in the efficiency to collect and process scrap tires; the processors who
remain in business have developed strong localized markets;, and new innovations and
markets continue to be examined and tested.

There was aso significant continued progress toward the remediation of scrap tire
stockpiles, with the total stockpile dropping to an estimated 500 million tires. In the past
two years, nearly 100 million tires were permanently removed from piles.

While these developments are positive, the industry is not without risk and uncertainty.
There continues to be a considerable amount of misinformation and misunderstanding
about the scrap tire situation and the market opportunities. New entrants into this
industry can bring innovations, but they can also cause over capacity in processing and
product availability. Markets, while continually being developed, are also continually
being lost. Thiswas very evident in the cement industry, a major market for scrap tires.

Finally, the distribution of markets relative to the tire supply across the United States is,
at times, uneven. The combination of state scrap tire programs, the concentration of end
users in certain geographic regions and the location of scrap tire generation do not always
yield theideal situation.

In order to maintain and then increase markets for scrap tires, a concerted effort must be
sustained by all involved. The forces of competition, government programs, public
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involvement and changing technology will continue to challenge this industry well into
the next century.
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