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Disclaimer

The statements and conclusions of this report are those of the Contractor and not necessarily
those of the Integrated Waste Management Board, its employees, or the Sate of California. The
Sate makes no warranty, expressed or implied, and assumes no liability for the information
contained in the succeeding text. Any mention of commercial products or processes shall not be
construed as an endorsement of such products or processes.
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Executive Summary

The number of waste tires generated in the State of California each year roughly equals its
population, which is predicted to grow by about 30% over the next twenty years. Furthermore,
motivated by improved performance and new safety oriented technologies, consumers are
switching to heavier tires. As a result, over the next 20 years tire waste by tonnage will increase
by about 40%. New tire technologies will also make it more difficult to recycle tires. Therefore,
the importance of reducing the number of tires entering the waste stream will escalate with time.

In 1981 light-duty tires averaged about 28,000 life miles. By 2001 tire lifespan increased to
43,000 miles. During this twenty year period the average annual vehicle miles traveled (VMT)
increased from about 9,000 to 12,000 miles. Thus, the average number of waste tires generated
per light-duty vehicle each year declined from 1.29 in 1981 to 1.12 in 2001. This 15% reduction
was achieved despite a 33% increase in annual VMT. This record demonstrates the importance
of extending the lifespan of tiresto reducing the number of waste tires.

Changing from bias ply tires to radia tires and improved rubber compounds brought about the
increase in tire life noted above. However, gains in recent years have slowed as the radial tires
technology matured. Something more is needed to enable the next leap in tire life mileage, and it
is provided by smart tire systems that optimize tire operation.

Data provided by Michelin shows that 50% of all light-duty tires entering the waste stream do so
because of abnormal wear, which is due to poor tire maintenance. An additional 10% enters the
waste stream due to oxidation and separation, two processes that are accelerated when tires
overheat, which is also a consequence of poor tire maintenance (e.g., low air pressure). Thus,
improving the maintenance of tires can extend the life of about 60% of light-duty tires.

In 2001 the National Highway and Traffic Safety Administration (NHTSA) conducted a
nationwide survey of tire pressure maintenance for light-duty vehicles. This survey found that air
pressure was, on the average, 6.1 pounds per square inch (psi) below placard pressure. (Placard
pressure is the air pressure specified by automakers, and it is intended as the “cold” inflation
pressure.) The survey examined air pressure in vehicles that were driven an unknown distance
immediately prior to being tested. Consequently, the tires examined were “hot,” and the air
pressure in them was 4 or 5 psi above the cold inflation pressure. Thus, it is possible to conclude
that the national fleet averages about 10 or 11 psi below placard pressure. Goodyear, in a
disclosure to NHTSA, indicated that tires lose about 1.78% of their tread life for each psi below
placard pressure. Combining the (temperature-corrected) results of the NHTSA survey with the
information provided by Goodyear leads to the conclusion that tires mounted on passenger
vehicles lose, on the average, about 17.8% of their life miles potential (assuming an average of
10 psi below placard pressure). Many passenger tires feature a limited warranty of 80,000 miles,
which means that the life mileage for these tires is reduced by 14,240 miles due to improper tire
pressure maintenance. Thus, smart tire systems that continuously maintain air pressure at placard
level can deliver asignificant jJump in the average tire life that can be achieved.

In August of 2000, Firestone recalled some 14.4 million tires that were primarily installed as
original equipment (OE) on Ford Explorer sport utility vehicles (SUVSs). This recall, which was

\
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prompted by a number of tire blowouts that led to vehicle rollover resulting in injuries and
fatalities, marks a major milestone for the tire industry. In the aftermath, the U.S. Congress
passed the Transportation Recall Enhancement, Accountability, and Documentation (TREAD)
Act of 2000, which required NHTSA to establish a standard for tire pressure warning systems. In
June of 2002 NHTSA issued its rule on tire pressure monitoring systems (TPMSs) that requires
automakers to phase in TPM Ss so that by the 2006 model year all vehicles will be equipped with
such systems. Although smart tire systems predate this rule, it can be viewed as the start of the
smart tire systems era.

What is smart a tire system? Fundamentally, this is a conventional tire plus a smart system that
helps optimize the performance of the tire-vehicle system. The following are three examples of
smart tire systems. First, TPMSs noted above warn the driver whenever the air pressure in tires
drops below a threshold specified by the NHTSA regulation. Thus, TPMSs can enhance the
safety of vehicles. Second, auto-inflate systems monitor and maintain tire pressure at the placard
pressure level at all times. The benefits from auto-inflate systems include extended lifespan of
tires, enhanced safety, and improved effective fuel economy of vehicles. Third, Smart tire
systems can also communicate information from tires to the vehicle suspension and braking
systems to help reduce braking distances.

This study is primarily focused on light-duty tires because they form 80% of waste tires
requiring secondary use or storage in landfills. This is primarily because more than 50% of
replacement heavy-duty tires are retreads, whereas retreaded light-duty tires are amost
nonexistent. However, some of the findings of this study can benefit heavy-duty tires, and these
crossover benefits are pointed out when appropriate.

This report examines four different broad strategies to extend the lifespan of tires. Each of these
strategies is presented and then analyzed from three points of view. First examined is the
contribution of each strategy to the reduction of the number of waste tires. Second, a benefit cost
analysis is undertaken to assess the economic effect of each strategy. Third, implementation
issues pertaining to each strategy are reviewed. The four strategies are discussed below.

Each strategy is presented here as a stand-alone option. However, better results are likely to be
achieved if these strategies are integrated. For example, adopting auto-inflate systems would
resolve the acute problem of under-inflated tires noted above. However, these systems will most
likely be installed only on new vehicles. Therefore, educating owners of existing vehicles to
better maintain their tiresis also needed.

Thefirst strategy considered is advancing auto-inflate systems. The advantage of such systemsis
that they automatically maintain tire pressure at near placard at all times. As a result, tires
equipped with auto-inflate systems can achieve in practice a life mileage closer to the one they
are designed for than the average tire currently attains. Auto-inflate systems also contribute to
reduce braking distance and the risk of tire blowouts, and improve fuel efficiency. As a resuilt,
the benefit cost analysis predicts a net benefit of $1 billion over an eleven-year period for the
California economy.

Two approaches to promote auto-inflate technology are considered. The first approach is to
promote voluntary adoption of this technology. Under the voluntary adoption scenario the

VII
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Cdlifornia Integrated Waste Management Board (CIWMB) could educate the public about the
advantages of auto-inflate systems including: extended tire life, improved safety, and improved
vehicle fuel efficiency. At the same time the CIWMB could work with the auto-insurance
industry to educate it about the safety advantages associated with this technology. Auto-inflate
systems will become prevalent because automakers will be responding to both public and auto-
insurance demands.

Mandating a phased adoption of auto-inflate systems is considered as an alternative to the
voluntary adoption approach. (Both mandated and voluntary adoption address only new
vehicles)) Mandating auto-inflate systems may result in a faster adoption of this technology in
California. However, it will generate considerably more objections than the voluntary approach.

The second strategy considered is educating the public to better maintain their tires including:
maintaining air pressure in tires at the placard level, rotating tires, and maintaining proper
vehicle alignment. In pursuing this strategy the CIWMB could join forces with other entities
already active in this area including the Rubber Manufacturers Association (RMA) “be smart
play your part” campaign, and the web site launched by Bridgestone/Firestone
www.tiresafety.com.

The main advantages of the public education strategy are that it is easy to implement, relatively
inexpensive, and would generate no objections. However, education is also not very effective in
terms of reducing the number of waste tires. For example, the quick reaction of Congress to the
Firestone recall noted above provides an indication of the high public awareness of the
importance of maintaining proper tire pressure to its safety (otherwise why mandate a low
pressure warning system). Y et, the poor state of maintenance reveaed by the NHTSA study was
found just thee months after the passage of the TREAD Act of 2000.

The third strategy considered is to mandate that each tire producer sell in California a mix of
light-duty tires that overall averages a given specified tread wear rating component of the
uniform tire quality grading (UTQG). This strategy would alow tire makers to continue
distributing high-performance tires without interference, which is where they get the highest
profit margins. However, the total tire population would achieve longer lifespan, and thus reduce
the number of tires entering the waste stream. This mandate would mimic the federal Corporate
Average Fuel Economy (CAFE) standard, which led automakers to improve the fuel efficiency
of new vehicles. The effectiveness of thisrule in increasing the lifespan of tires would depend on
the level set by the regulation. Therefore, no attempt to quantify the improved lifespan is
attempted herein. However, the introduction of the CAFE standard was effective in increasing
the number of miles per gallon delivered by new vehicles. In fact despite warning from
automakers at the time when the CAFE standard was introduced, new vehicles are safer, deliver
more horsepower and torque than their pre CAFE counterparts, and even exceed the demands of
the standard.

Mandating a corporate average tread life standard would force tire makers that specialize in
economy light-duty tires that deliver low life mileage to either improve their tires to meet the
standard, or to exit the California marketplace. If these tire producers chose the first alternative
then the objective of extending the average life mileage of tires is achieved. If they chose to
withdraw from the California market, then the light-duty retread industry may be rekindled,
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which would reverse its demise that was caused by the appearance of low-cost light-duty tires.
Diverting light-duty tire to be retreaded would further reduce the number of tires that need to be
recycled or stored in landfills.

The fourth strategy considered is to employ a combination of taxes and rebates to replace the
uniform $1 tire disposal tax with an ad-valoremtax. The idea here is that atire that weighs 30 Ib.
(a typical SUV tire) should pay more than a 20 Ib. tire (a typical sedan tire). The tax/rebate,
however, should also take into account the expected average tire life mileage, as indicated by the
limited warranty provided or the UTQG tread wear rating, so that pounds per mile would be the
actual measure on which the tax and rebates are based. Additionally, credits should be given for
smart tires (e.g., rims equipped with auto-inflate systems) and tires that have a retread warranty.

The underlying idea of the ad-valorem tax is that it would divert consumers to longer life tires.
However, the benefit cost analysis predicts a significant cost to the California economy, and
indicates only a small improvement in terms of extending the life of tires.

The CIWMB can act immediately on either of the proposed strategies. Additional strategies
require further study. First among these evaluations should be further review and analysis of
smart tire systems with the objective of identifying possible advances. Additionaly, tires are the
link between the road and the vehicle. Therefore, road design is important to the lifespan of tires.
For example, a study of the effect of road roughness on tire cost per mile for trucks found that
the cost is 30% higher for roads with high roughness index. (Note that roughness is a property of
the pavement, and does not necessarily refer to the condition of the pavement.) It is aso
important to note that at the moment, the effect of the road on tire longevity is practically ignored
during road design.

Finally, the California Energy Commission (CEC) recently issued a report advocating reduced
rolling resistance tires. Unfortunately, reducing rolling resistance comes at the expense of other
tire attributes including tread wear. Therefore, the CEC report is analyzed herein, emphasizing
the implications of reducing rolling resistance on tread wear. The main conclusions are that the
goal set by the CEC of improving vehicle fuel efficiency by 3% is overly optimistic, and
promoting such tires would negatively affect average tire life mileage. Additionaly, the
laboratory studies proposed by the CEC are focused on identifying the rolling resistance of new
tires. However, the average tire rolling resistance throughout the life of the tire should be
determined in order to identify fuel savings. Therefore, even after the proposed CEC studies are
performed, the actual fuel savings achieved in practice will remain unknown.
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Glossary

ABS

Ad-valorem tax
Alliance
Alignment
Auto-inflate system

ARB
B/C
CEC
CIWMB
CAFE

CATL

IRI
NPV

NHTSA
Placard

RMA
Retreaded tire
Tirerotation

TPMS
Direct TPMS
Indirect TPMS

TRIB
UTQG

Antilock Brake System

Value based tax

Alliance of Automobile Manufacturers
Front whedl s settings

a system that combines a TPMS with a unit that delivers pressurized
air to tires, and maintains the tire pressure near placard at all times.

California Air Resources Board

Theratio of the present value of benefits to the present value of costs
California Energy Commission

Cdlifornia Integrated Waste Management Board

Corporate Average Fuel Economy, a standard that requires each
automaker to produce light-duty vehicles that as a group average a
specified number of miles per gallon

Corporate Average Tire Life, a standard considered in this report to
require each tire producer selling light-duty tires in California to
average, across al their tires sold in California (aftermarket and OE) a
specified UTQG tread wear rating

International Roughness Index

Net Present Value is the difference between the present value of the
benefits and that of the costs.

National Highway and Traffic Administration

The (cold) tire inflation pressure specified by automakers, usually
found in the vehicle user manual.

Rubber Manufacturers Association
A used tire with a new tread

Rotating the tires every few thousand miles to avoid uneven wear due
to different forces that are applied to different tires

Tire Pressure Monitoring System

aTPM S that uses sensors in the tire to determine tire pressure

a TPMS that compares the relative angular velocity between tires to
identify tire pressure.

Tire Retread Information Bureau

Uniform Tire Grade Rating
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1. Introduction

The number of waste tires generated in the State of California each year is roughly equal to its
population size (CIWMB [2003a]). These tires are either diverted to secondary use such as
crumb rubber, or end up in landfills. Unfortunately, landfills may be hazardous to the
environment due to fires, and insects and rodents that breed there (CIWMB [1992]). To date the
California Integrated Waste Management Board (CIWMB), the public body responsible for
dealing with waste tires in California, has focused its efforts primarily on diverting tires from
landfills (CIWMB [2003b]). These efforts resulted in 74.8% of scrap tires being diverted in 2001
(CIWMB [2003Db]).

The California Department of Finance projects a 31% increase in the California population over
the next 20 years (CDOF [2002]). Additionally, the weight of tires is increasing. For example,
according to CIWMB reports the weight of the average passenger tire increased from 18 pounds
in 1990 to 20 poundsin 2001 (see e.g., CIWMB [1992] and CIWMB [2003b]). Because of trends
in the tire industry discussed below the weight of tires is expected to continue to grow.
Moreover, the same tire evolution trend could make it harder to recycle tires. Therefore, the
CIWMB is facing an escalating challenge, and it has become even more necessary now than in
the past to try to stem the flow of scrap tires entering the waste stream.

In 1981 light-duty tires averaged about 28,000 life miles (RMA [2002b]). By 2001 tire lifespan
increased to 43,000 miles (RMA [2002b]). During this twenty year period the average annual
vehicle miles traveled (VMT) increased from about 9,000 to 12,000 miles.* Thus, the average
number of waste tires generated per light-duty vehicle each year declined from 1.29 in 1981 to
1.12 in 2001. This 15% reduction was achieved despite a 33% increase in annual VMT. This
record demonstrates that extending the lifespan of tires is effective in decreasing the number of
tires entering the waste stream.

Because there are literally thousands of tire-models it is impractical within the scope of this
study to address each and every tire model. Therefore, tires are grouped into two major
categories. heavy- and light-duty tires. The logic for this division is the large disparity between
members of the two groups. These differences include: weight (a typical weight ratio of heavy-
to light-duty tire is about five), rubber compounds, amount of reinforcement, design objective
(due to different operating conditions), and percentage of retreaded tires among replacement
tires. The differences between the two categories are further discussed in Section 2. As will
become apparent from the discussion below, concentrating on extending the lifespan of light-
duty tiresis likely to yield a much better return in terms of reducing the tonnage of waste tires
entering the waste pipeline. Therefore, this report primarily focuses on light-duty tires.

The objective of this report is to identify strategies that lead to extending the overall average life
mileage of tires, without compromising safety. Tires provide the link between vehicles and
roads. Consequently, tire longevity is a function of the design and maintenance of the tire, the
vehicle, and the road. Therefore, this report examines the entire vehicle-tire-road system.

! Source: http://ceq.eh.doe.gov/nepalreports/statistics/tab10x3.html
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The report is organized as follows. First, background information ranging from contributors to
reduce the average life of tires, to technology, to legidative initiatives is provided in Sections 3
through 9. Second, the foundation for a benefit cost analysisis laid down in Sections 10 through
13.

Four different strategies to extend the lifespan of tires are presented in Section 14. The four
strategies are: (1) using auto-inflate systems (i.e., technology that automatically maintains tire
pressure a placard level); (2) public education to better maintain their tires;, (3) requiring
producers of light-duty tires to meet a corporate average tire life standard; and (4) replacing the
uniform tire disposal tax with an ad-valoremtire disposal tax/rebate.

The underlying assumptions for predicting the effectiveness of each strategy in reducing the
number of waste tires are given in Sections 15 through 17. These sections also provide the basic
measured subsequently used in the benefit cost analyses of the proposed strategies.

The effect of each strategy on the rate of tire disposal is tabulated in Section 18, and the results
of the benefit cost analyses are contained in Section 19. (No predictions are made for the third,
legislating an average tire life, strategy which is treated like a state variable instead.) When
assessing which strategy it is important to know the reliability of the outcome of pursuing a
given strategy. Therefore, Section 20 provides a risk analysis for each of the three strategies
analyzed.

Sections 21 through 25 consider the implementation of each of the four strategies. These include
identifying the key barriers to implementing each strategy, and proposing ways to overcome
these barriers. For example, two aternatives to implement the auto-inflate strategy are
considered. First, pursuing voluntary adoption that the CIWMB would promote through a public
education campaign and working with automakers, tire producers, and auto insurance companies.
Second, mandating that all new vehicles be equipped, after a phase-in period, with auto-inflate
systems.

Additional research projects are proposed in Section 26. These research projects fall into two
categories. The first set of studies take an in-depth look at smart tire systems. The second set of
studies considers tire-pavement interaction effect on tire wear. Finally, concluding remarks are
offered in Section 27.

Finally, the California Energy Commission (CEC) recently issued a report advocating reduced
rolling resistance tires. Unfortunately, reducing rolling resistance comes at the expense of other
tire attributes including tread wear. Because of the risk of different parts of the California
Government issuing conflicting demands, the CEC report is analyzed in Appendix A
emphasizing the implication of pursuing reduced rolling resistance tires to reduce the average
tire life mileage.
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2. Heavy- and Light-Duty Tires

Thousands of tire models are marketed in the United States each year (alist of all passenger and
light-truck tire models is available at http://www.nhtsa.dot.gov/cars/testing/utgg/index.htm).
These tire models employ different rubber compounds and reinforcement, and are designed to
emphasize different performance aspects (e.g., high tire life mileage, reduced rolling resistance,
and wet and/or dry traction). Moreover, materials, designs, and production techniques are
considered trade secrets that are closely guarded by each tire producer. Therefore, working
within the time and budget limitations of this study, it is more effective to address the
characteristics of tire categories rather than individual tires. For the purposes of the present study
tires are divided into two categories: heavy- and light-duty tires.

There are numerous differences between the two categories. From the standpoint of waste
management, the most important difference is weight. A typical heavy-duty tire weighs about
five times more than the typical light-duty tire. For example, the Goodyear G397 LHS 11R22.5
G, a commercial tire intended for line hauls, weighs 120 Ibs, whereas the Michelin Energy
MXV4 Plus P205/60R16 passenger tire weighs only 22 Ibs. This weight disparity reflects both
the difference in wheel diameter and number of plies. In the above example, the passenger tireis
mounted on a 16-inch diameter rim and has four plies, while the commercial tire has fourteen
plies and is mounted on a 22.5-inch diameter rim.

The two tire categories also differ dramatically in their average life mileage. In 2001 light-duty
tires averaged 41,000 (Michelin [2002a]). Aided by retreading, heavy-duty tires can reach more
than a quarter million miles (see Section 4 for a discussion of tire retreading). The cost of tiresis
also very different between the two categories. For example, the Goodyear WeatherHandler LS
P215/60R216 passenger tire costs $86.99 whereas the Goodyear G397 LHS 11R22.5 G costs
$320.36.

An important difference between heavy- and light-duty tires is the fact that heavy-duty tires are
commonly warranted to be retreadable, while light-duty tires are not. For example, one of the
main benefits noted by Goodyear’s website for the G397 LHS 11R22.5 G commercid tire is
“excellent retreadability,” and the specifications include information on retreaded buffing radius
and base width range (http://www.goodyear.com/truck/products/G397L HS.html).

Heavy-duty tires are required to support much heavier loads. For example, the Goodyear
Conquest P225/60R16 passenger tire is rated for a maximum load of 1,609 Ibs. at an inflation
pressure of 35 pound per square inch (psi); whereas the maximum load that the Goodyear G397
LHS 11R22.5 G is rated for 6,175 Ibs. at an inflation pressure of 105 psi. In this example the
maximum allowed load per tire is 3.84 times larger for the heavy-duty tire. It is also worthwhile
noting the large difference in operating pressures. Heavy-duty tires are commonly operated at
about 100 psi whereas atypical pressure for light-duty tiresis 30 psi.

Comfort and noise level demands from light- and heavy-duty tires are also very different. To
address the functional differences noted above, different technologies are used for the two tire

2 The cost for the light-duty tire is from http://www.sears.com and the cost for the heavy-duty
tireis from http://www.premiertire.com/truck.htm.
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categories. These differences range from the amount of reinforcement to the type of rubber
compounds used. Therefore, categorizing tires as light- or heavy-duty is an effective way to
address tires and, consequently, this classification is often used (see e.g., CIWMB [1992)).
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3. Contributors to tire longevity

The most direct approach to reduce the number of tires entering the waste stream is to increase
the average life mileage of tires, while maintaining safety. Either employing new tire models that
are designed for longer life, or extending the life of existing tire models can achieve this
objective. The wisdom of mandating new tire designed for longer life mileage is deferred to
Section 5. In this section attention is focused on the later strategy. The premise for this approach
is that some service conditions prevent tires from achieving their full life potential. These
conditions are investigated in this section.

Before proceeding, however, it is important to determine what is the design life of tires.
Fortunately, tire producers provide two such measures: a limited warranty provided with some
tires, and the tread wear component of the Uniform Tire Grade Rating (UTQG), a government
mandated standard. These two measures are discussed in Section 3.1. Operating conditions
contributing to reducing the life mileage of tires are addressed in Section 3.2.

Consumers choice of tires also affects the average life mileage of tires. The effect of high
performance tires on the average life mileage is discussed in Section 3.3, and that of budget tires
is addressed in Section 3.4. As shown in Section 3.5, the choice of original equipment (OE) tires
by automakers also affects the average tire life mileage. Section 3.6 considers consumer choice
of vehicles, which can also increase the number of waste tires.

The ratio of light- to heavy-duty replacement tires in the United States is roughly fifteen (RMA
[20024]), and the weight ratio of heavy- to light-duty tires is about five. Thus, light-duty tires
constitute about seventy five percent of the total tire waste by weight. Therefore, this section is
primarily focused on light-duty tires. However, some issues pertaining to heavy-duty tires are
addressed in Section 3.7.

3.1 Tire design life

Tire producers disclose the expected tire life in two ways. The first measure of tire life is the
tread wear component of the UTQG, which, by law, is embossed on the sidewall of each tire.
The tread wear grade compares the performance of the tire, when tested under controlled
conditions on a specified government test course, against that of a government issued “standard”
tire. For example, a UTQG tread wear rating of 420 indicates a tire that would last 4.2 times
longer than the tire provided by the government.

The UTQG tread wear value, however, reflects a projection of the life expectancy of tires based
on their performance during a 6,400-mile long test, conducted on a standard 400-mile long test
track (49 CFR 575-104, 10-1-99 edition). For most light-duty tires the projected life-mileage is
an order of magnitude more than the length of the test. Therefore, the accuracy of this projection
is questionable.

It is also important to note that the UTQG tread wear embossed on the tire is not the actual test
result. Rather the UTQG tread wear rating is influenced by the tire maker’s marketing strategy,
and as aresult the value provided may be lower than the actual test result. This appears at first to
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present somewhat of a contradiction because, at least for replacement tires, longevity is an
important criteria for the public. Here it is important to note that tire producers often ascribe a
single UTQG tread wear rating to a tire model, which may consist of twenty or thirty tire sizes
al bearing the same name (e.g., Michelin Energy MXV4 plus). Moreover, as discussed in
Section 3.5, if atire model is also provided as original equipment (OE) with a few different
vehicles, each size may consist of a number of different designs (in terms of compounds and
tread thickness). Thus, the tire maker wants all “family members’ of a tire model to meet the
specified UTQG value.

Tire producers provide a second, and more direct, measure of expected tire longevity through
limited warranties that they provide with some tires. Limited warranties provide a good
indication of expected life mileage, when the tire is well maintained, because the tire producers
are willing to back their claim with money (i.e., if a well maintained tire does not achieve the
specified life mileage, the tire manufacturer will issue some credit to the consumer). For
example, the Michelin limited warranty reads as follows (Michelin [2002b]):

“Tires which wear out evenly before delivering the warranted mileage will be
replaced on apro rata basisonly if:

1. You arethe original purchaser of the tires, you own the vehicle on which they
were originally installed, and the tires have been used only on that vehicle;

2. The tires have been rotated and inspected by a participating Michelin tire
retailer every 7,500 miles, and the attached Mounting and Rotation Service
Record has been fully completed and signed,;

3. The completed Service Record form, Original Owner/Tire Installation
Information form, and the Original Invoice are presented to a participating
Michelin tireretailer at the time of adjustment claim, and

4. The tires have not become unserviceable due to a condition listed under
WHAT ISNOT COVERTED (see page 3).”

The above quote clearly demonstrates that the warranty depends on proper maintenance. For
example one of the criteriais even wear which would not be achieved if the tires were used while
under-inflated for a significant period.

Before proceeding further, it isimportant to know the dependencies of the limited warranty. The
tire industry contends that the warranty provided depends on numerous factors, including tread
wear, aging, and speed rating. To prioritize the relative importance of the different factors, it is
instructive to compare the limited warranty with the tread wear grade component of the UTQG
standard. Table 3.1 provides a comparison of the tread wear grade and the limited warranty
provided. This table clearly indicates that there is a strong correlation between the two
parameters, thus suggesting that tread wear is a dominant factor in determining the limited
warranty. Also, this correlation suggests that tire producers regard tread wear as the main cause
leading to consumers replacing their tires.
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Table 3.1: Sample of limited warranty vs. tread-wear grade for several maor brand tires.

Manufacturer | Tire Type TireSize | Tread-wear grade | Limited Warranty (miles)
Bridgestone | Potenza S-02 | 205/50ZR16 140 N/A
Bridgestone | B420 P205/75R17 460 65,000
Goodyear Aquatred 3 | P205/70R15 620 80,000
Goodyear Eagle T/R P215/60R16 420 50,000
Michelin MX4 205/70R15 420 50,000
Michelin X-one P205/70R15 620 80,000

3.2 Operating Conditions that Reduce Tire Life Mileage

This subsection considers operating conditions that reduce the actual life mileage delivered by
tires including: tire maintenance (Section 3.2.1); pavement design and condition (Section 3.2.2);
road congestion (Section 3.2.3); and driving habits (Section 3.2.4).

3.2.1 Maintenance

Michelin periodically reviews scrap tires to determine why they are removed from vehicles. Its
findings for the years 1992 through 1999 are presented in Figure 3.1. The main finding for that
period is that an average of about fifty percent of scrap tires were discarded due to abnormal
wear, which is caused primarily by poor tire and vehicle maintenance. The Michelin study also
found that no obvious cause was determined for roughly nine percent of the tires. One
explanation for removing these tires is that they were removed together with other tires that
required replacement. Therefore, one can conclude that roughly 55% of scrap tires are discarded
because of poor maintenance. Consequently, tire life can indeed be extended through better
maintenance.

Proper tire maintenance includes three components. maintaining air pressure at placard (Section
3.2.1.1); rotating tires every few thousand miles (Section 3.2.1.2); and keeping the wheels of the
vehicle aligned (Section 3.2.1.3).

3.2.1.1 Tireinflation pressure

Virtually al tire maintenance literature identifies proper inflation as the most important aspect of
tire maintenance. For example, the Bridgestone-Firestone web site states: “proper inflation
pressure is essential for achieving maximum performance and mileage.”® The Bridgestone-
Firestone site further states that “improper inflation pressure may result in rapid or irregular
wear.” Goodyear’s web site reads as follows: “Proper tire inflation is a key ingredient in driving

3 http://www tiresafety.com




Symplectic Engineering Corporation

safety and long tire life.”* Michelin's web site states, “Air pressure — Nothing else is more
important.”> Michelin further elaborates: “K eeping your tires properly inflated is essential for the
proper performance and longevity of the tire.”® The Rubber Manufacturer’s Association (RMA)
web site states: “Under-inflation is tire’s #1 Enemy. It results in unnecessary tire stress, irregular
wear, loss of control and accidents.””
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Figure 3.1: Causes for discarding tires (Source: Michelin).

Before proceeding to discuss the virtues of maintaining proper air pressure in tires, it isimportant
to identify what a “properly inflated tire” means. Consumers seeking to inflate their tires are
presented with two values. The first, embossed on the sidewall of each tire, is the maximum
inflation pressure and associated maximum carrying load. The maximum pressure vaue is
intended as the “cold” inflation pressure, which means that it is the pressure measured after the
vehicle has been parked for afew hours.

4 http://www.goodyeartires.com/kyt/maintaningATire/#1

> http://www.michelinman.com/careltire saving_tips/index.html

® http://www.michelinman.com/careltire saving_tips/reg care/air_pressure.html
" http://www.rma.org.tiresafety.htmi
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The second option presented to the consumer is the placard value, which is found in the vehicle
manual and is set by the automaker. It too is intended as the cold tire pressure. This vaue is
lower than the maximum pressure embossed on the tire, and is intended to deliver, for a properly
maintained vehicle, a safe ride with characteristics the automakers would like the vehicle to
exhibit. Tire longevity is one of the considerations in setting the placard value. The placard value
isthe air pressure consumers should set their tires to.

As indicated both placard and maximum inflation pressure are prescribed as “cold” inflation
pressures. A tire is considered to be cold when the temperature of the air in the internal cavity
equals the ambient temperature. Thus, the meaning of “cold” is ambivalent. This fact is
important because the optimal operating tire pressure and operating temperature are constant
year round, yet they raise more in cold weather than in hot weather (NHTSA [2001b]). NHTSA
[2001b] gives an illustration where the difference in air pressure increase is 2 psi (raising 2.5 psi
in the summer, and 4.5 in the winter). This suggests that for this illustration placard should be 2
psi lower in the winter. Unfortunately, this temperature dependence of the optimal air pressureis
not considered in a vehicle placard (asingle value is prescribed for each tire).

The results of arecent survey conducted by NHTSA are provided in Table 3.2 (NHTSA [2002b].
11,530 vehicles took part in this nationwide study including 6,442 passenger cars, 1,847 sport
utility vehicles (SUVs), 1,376 vans, and 1,838 pickup trucks.

Table 3.2: Results of NHTSA air pressure study (Source: NHTSA [2002b]).

% Below placard | Passenger Cars | Light Trucks

20% or more 49% 55%
25% or more 43% 48%
30% or more 37% 42%

The data shown in Table 3.2 indicates a rather poor state of tire maintenance. However, the
actual condition is probably far worse than that depicted in Table 3.2. Specifically, the vehicles
taking part in the NHTSA study traveled an unknown distance immediately prior to the NHTSA
measurements and consequently, the tires were hot. NHTSA, however, compared the measured
pressure to placard, which is intended as the cold tire pressure. As is shown in Figure 3.2, tire
pressure may increase by more than five psi for hot tires over cold tires. Therefore, the
percentages below placard shown in Table 3.2 underestimate the true values. For example, if itis
assumed that the average recommended cold inflation pressure is 30 psi and that the average
pressure measured by NHTSA was 3 psi above the cold pressure, then the percentages shown in
Table 3.2 actually represent 30, 35, and 40 percent below placard.

In its comments to NHTSA, Goodyear indicates a loss of 1.78% of tread life for each psi below
placard (NHTSA [2002b]). Thus, combining the Goodyear and NHTSA inputs leads to the
conclusion that 50% of light-duty tires are expected to lose more than 10.6% of their tread life,
or more than 8,500 miles for atire warranted for 80,000 miles® If tire temperature is factored in,

8 Based on aplacard of 30 psi.
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then thge estimated loss increases to 19.6% (or 15,600 miles for a tire warranted for 80,000
miles).
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Figure 3.2: Temperature and pressure increase (Source: NHTSA [2001b]).

3.2.1.2 Tirerotation

To maximize tread life, tires should also be periodically rotated. A typical rotation interval is
every six thousand miles.’® Tire makers consider rotating tires essential in order to achieve even
tire wear. For example, the Bridgestone/Firestone tire safety web site states:™*

“Tire rotation is vital to achieving even tread wear and long tread life. Rotation is
necessary because of the uneven wear characteristics of each wheel position on
the vehicle. A good example is Front Wheel Drive vehicles which place braking,
steering, and driving forces on the front axle tires. Rear axle tires only receive
braking forces resulting in a much faster wear rate for the front axle tires. Tire
rotation for these vehicles therefore becomes very important for optimum tire
life.”

At least some tire vendors offer their customers free tire rotation (e.g., Costco provides this
service every 5,000 miles). However, taking advantage of this service requires a trip to the tire
shop, and the service takes a couple of hours. Therefore, many consumers do not take advantage
of these offers. Many consumers assume that their tires are rotated whenever they take their
vehicles in for service. However, because of improved oils and engine designs new vehicles
require less frequent maintenance. Therefore, consumers are taking their vehicles in for service
at intervals that may exceed the recommended interval between tire rotations. For example, the

® Based on a pressure increase of five psi dueto the tires being “hot.”
10 http://vww.rma.org/tiresaf ety/tiresafety.html
Y http://www . tiresafety.com/service/serv nav.htm
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recommended interval between oil changes for the 2003 Honda Accord is 10,000 miles.*? As a
result, tires are not rotated as often as they should be.

3.2.1.3 Alignment

Achieving optimal tire performance also requires that vehicles be properly aligned. Alignment
consists of three different tire settings: toe, camber, and caster. “Toe angle” measures how tires
are pointing towards the center of the vehicle when it is parked. The case where tires point
towards the center is referred to as “toe-in,” while the case where tires point away from the
center, common with front wheel drive vehicles, is referred to as “toe-out.” “Camber” indicates
the relative tilt of the wheel. Finaly, “caster” is the angle by which the vehicle's steering angle
diverts from the vertical (introduced to help wheels return to the straight-ahead position). The
importance of alignment is described by the Ford web site as follows:*3

“For safe handling, comfortable ride and maximum tire-tread life, al suspension
components must be in precise geometric adjustment (alignment) as specified by
the manufacturer. Any variation can affect the stability and tracking of the
vehicle”

The importance of proper alignment to the longevity of tires stems from the fact that if the car is
not properly aligned then tires are required to perform in a mode for which they were not
designed. For example, if the toe angle is greater than the specified one, then the tire is actually
dliding sideways when the vehicle is moving straight-ahead. Clearly, if the tire is operated in this
way, it will show excessive and uneven wear.

3.2.2 Pavement Design and Condition

The pavement system can contribute to tire wear in a number of ways, including: horizontal
alignment, surface friction, surface texture, surface roughness, and structural section. Horizontal
alignment refers to curves in the road. If a large number of relatively short radius curves exist,
then tire wear will be increased because of lateral forces acting on the tires (Carpenter and
Cenek, [1999]).

Pavement surfaces are required to provide a certain minimum coefficient of friction, termed f,
between the tire and pavement in order to provide safe stopping distance. Normally the f value
incorporated in pavements at the time of construction exceeds the minimum value established by
the American Association of State Highway and Transportation Officials (AASHTO) (missing
ref). This practice is intended to insure that the f value remains above the minimum value
established by AASHTO throughout the service life of the pavement. As the friction coefficient
increases, however, tire wear will increase. Therefore, it is important to ensure that the initial f
value is such that expected traffic wear over the design life would reduce it to just above the

12
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?& page=3
3 http://www.fordvehicles.com/hel p/ol ossary/
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AASHTO minimum. Thus pavement designers must “tailor” the surface friction to the site. As
the site requires more frictional resistance for safety reasons, tire wear will necessarily increase.

The influence of pavement roughness has been documented in a recent study by Papagiannakis,
who studied dedicated trucking routes (Papagiannakis [1999]). Papagiannakis correlated tire
wear with the International Roughness Index (IRI), and showed that tire wear increases as the
IRI value increases (indicating rougher pavement surface). For example, Papagiannakis found a
cost of $0.00029 and $0.00038 per mile for International Roughness Index (IRI) of 1.4 and 1.9,
respectively (Papagiannakis [1999]). Thus, according to Papagiannakis, the cost can increase by
about 31% for truck tires asthe IRI increases from 1.4 to 1.9.

Traffic noise is greatly affected by the surface texture. For example, open-graded asphalt
concrete mixes are known to reduce noise by five to eight db. Unfortunately, the effect of texture
on tire wear is not well documented at this time. Anecdotal evidence, however, suggests that
using large aggregate in both asphalt concrete and Portland cement concrete causes tires to wear
faster.

Traffic on a poorly maintained road is more likely to be slowed down, either by motorists who
do not like bouncing around or by repair work. In any case, the net effect may be stop-and-go
traffic, which causes excessive tire heat due to repeated braking. Excessive heat damages tires
(see e.qg., http://www.tiresafety.com), and increased friction causes tire wear and reduces the fuel
efficiency of vehicles.

Finally, the actual physical maintenance of road pavements plays an important role in tire-wear.
Specifically, if the road is in poor condition (e.g., potholes, cracks, and ruts) then it could
damage tires in two ways. Firgt, it could cause direct fatigue and wear damage. Second, it may
cause the vehicle to be thrown out of alignment, which could lead to a systemic problem as
described in Section 3.2.1.3 above.

3.2.3 Road Congestion

Road congestion leads to stop-and-go traffic typical of city driving, and now more and more the
norm on California freeways. Consequently, motorists continuously apply their brakes, which
cause heat buildup in tires, and, as is pointed out by every tire manufacturer, excessive heat
buildup damagestires (see e.g., http://www.tiresaf ety.com/index.htm#).

3.2.4 Driving Habits

Certain driving habits can contribute considerably to tire wear. For example, frequent lane
changing and excessive use of brakes causes tires to wear prematurely. However, it is very hard
to quantify the extent to which driving habits contribute to tire wear, and it is even more difficult
to conceive of ways to resolve this problem. Therefore, thisissue will not be further addressed in
this study.
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3.3 Performance tires

To achieve a higher level of performance (e.g., road-grab, that is important to braking and
maneuvering) and comfort, softer rubber compounds (e.g., silica-based) are used in performance
tires. Unfortunately, these rubber compounds wear faster.** Additionally, these tires are rated for
higher speeds (i.e., H and above speed ratings).™ As a result, in many cases tire manufacturers
do not provide any limited warranty whatsoever for these tires (e.g., Michelin Energy MXV4
plus with aV speed rating). The performance tires market segment is important to note for two
reasons. First, performance tires most likely contribute to a shortening of the average tire-life
mileage. Second, the trend for passenger carsin the U.S. in recent years has been to increase the
market share of performance tires. For example, performance tires constituted 13.7% of the tires
sold to the passenger car market in 2000, and 15.5% in 2001 (Michelin [2002a]). Michelin is
projecting this trend to continue over the next few years (Michelin [20024]).

3.4 Budget tires

Consider, for example, that you are the owner of a 1995 Ford Escort LX. Y ou could go to Sears
and buy a set of four Michelin WeatherWise P175/65R14 for $371.96 plus tax, or you could
purchase a set of four Guardsman |11 P175/65R14 for $149.00 plus tax.*® But, while the Michelin
tires come with a 65,000-mile limited warranty, the Guardsman |11 comes with a 35,000-mile
limited warranty.'” It is important to note that some vendors offer a set of four tires for $100 or
less, but these tires often offer no limited warranty whatsoever. According to the Michelin Fact
Book 2001, of the replacement light-duty tires sold in North America in 2001, major
manufacturers (e.g., Bridgestone, Goodyear, and Michelin) sold about 58% while private and
associate brands accounted for 42% of the market.’® In 1997, the split was 50-50, and the change
is attributed to the 2000-2001 tire recalls (Michelin [2002a]). Thus, the contribution of low-end
tires to reduce the average tire-life mileage has diminished in recent years. However, it may
grow again as the effect of the highly publicized Firestone tire recall wears off.*®

14 Note the rather poor tread-wear rating for the Bridgestone Potenza S-02 (140) compared to the
other tires in Table 3.1. The Potenza S-02 is the only high performance tire included in Table
3.1

1> See http://www.nhtsa.dot.gov/cars/rul es/tiresafety/ridesonit/brochre.html for arating table.

1 http://www.sears.com

7d.

18 Associate brands refer to brands owned by the flag brands, but sold under their own brand
name. For example, Dunlop is an associate brand of Goodyear.

19 On 9 August 2000, Firestone announced that it was recalling approximately 14.4 million tires
due to a safety-related defect. The tires affected were all P235/75R15 Firestone ATX and all
P235/75R15 Firestone Wilderness AT tires. Most of these tires were original equipment on Ford
vehicles, primarily on the Ford Explorer SUV. A small number of these tires were used as
original equipment in other manufacturer’s vehicles. The increased public awareness resulting
from the recall prompted the Congressiona Transportation Recall Enhancement, Accountability,
and Documentation Act of 2000.
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3.5 Original equipment tires

Some original equipment (OE) tires, because of their composition, have a shorter lifespan and
therefore also contribute to reducing the overall average tire-life. OE tires are optimized
specifically for a single vehicle to deliver a certain feel and performance that the automaker
deems desirable (LaClair [2002]). For example, to meet Corporate Average Fuel Economy
(CAFE) standards the automaker may require that the tire maker reduce the rolling resistance of
a tire, which typically comes at the expense of tire wear (see Appendix A for a detailed
discussion of thisissue).®® As aresult of the optimization that goes into OE tires, a tire mounted
on vehicle type A may be quite different in terms of rubber compounds, layering, and tread depth
than a tire with the same marking (i.e., manufacturer, type, size, and UTQG ratings) designed for
vehicle type B. In contrast, replacement market tires are designed to deliver balanced
performance across a broad array of vehicles and are optimized for the concerns of the after-
market consumer, who typically places a higher priority on tire longevity than do carmakers. As
aresult, OE tires average only about 77% of the life mileage of replacement tires (CEC [2003Db]).
For some tire models, OE tires may achieve only 50% of the longevity of replacement tires.”* OE
tires constitute roughly twenty percent of the total tires shipped in the US (RMA [2002a)).
Therefore, aloss of one percent of tire-life mileage for an OE tire constitutes a loss of 0.2% for
the entire light-duty tire population. Thus, if for example the average OE tire achieves only 77%
of thetire-life mileage of areplacement market tire, as reported by CEC [2003b], then the overall
tire-life mileage is reduced by 4.6%. In California this reduced average life translates to about
1.1 million extrawaste tires.

It should be emphasized that the consumer is not notified that OE tires are different from the
replacement tires. Also, the limited warranty provided with OE tires may differ from one vehicle
type to the next, and yet again differ from that provided with the replacement market tires. The
tire makers maintain that the consumer can get the OE tires also as replacement tires. However,
the consumer should first be alert to the difference between OE and replacement tires, and most
consumers are not. Moreover, should the consumer specifically request that the same tires as the
OE tires be installed on their vehicle, they will typically have to special order the tires.

3.6 Consumers’ vehicle choice

Sport utility vehicles (SUVs) are a fast-growing segment of the automobile fleet in North
Americain general, and in California in particular. According to the Michelin 2001 fact book,
SUV tires accounted for 31% of the OE tire market, and 21% of the replacement tire market in
2001. These percentages are aimost 50% higher than the corresponding 1997 market shares,
which were 22% and 13%, respectively (Michelin [2002a]). Therefore, this market segment
deserves special consideration.

20 Corporate Average Fuel Economy (CAFE) standard were created by the 1975 Congressional
Energy Policy and Conservation Act. 2002 CAFE standard automakers must produce cars that
collectively average 27.5 miles per galon, and light trucks and SUV's must average 20.7 miles
per gallon.

2 Mr. William J, VanderWater, Consumer Products Manager, Bridgestone Firestone, in a
presentation given at a California Energy Commission Workshop Fuel Efficient Tires (19
September 2002).
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SUVs presently increase tire waste in two ways. First, and most obvious, is the fact that the tires
mounted on SUV's are heavier than those mounted on sedans. A typical SUV tire weighs about
30 pounds, while atypical sedan tire weighs about 20 pounds. Thus, each SUV tire counts as 1.5
passenger tire equivalent (PTE).

Figure 3.3: The great outdoors, Ford Explorer’ s advertisement.

Second, many of the SUV manufacturers advertise their SUV’ s off-road capabilities, and deliver
the suspension system and type of tires to match that image. Figure 3.3 indicates the image that
Ford would like to convey of their Explorer SUV. Similarly, the Jeep web site states about the
suspension system of the Jeep Grand Cherokee: “Jeep Grand Cherokee was built for
performance on trails...” % Most owners of these SUV's, however, are city dwellers that will only
rarely, if ever, use the off-road capabilities. Unfortunately, tires that are designed for off-road
driving do not perform in highway driving as well as tires designed primarily for road travel. It
should be noted, however, that some new SUV's have been designed primarily for road driving.
For example, the Acura MDX comes equipped with a Michelin P235/65R17 cross-terrain tire
that comes with a 65,000-mile limited warranty.

3.7 Maintenance of Heavy-duty Tires

It is commonly believed that heavy-duty tires are better maintained than light-duty tires. This
observation is supported by the fact that in 2000 52% of replacement heavy-duty tires were
retreads (RMA [2002a]), whereas 85% of light-duty tires inspected were rejected for
retreading.

The heavy-duty tires category can be subdivided, by application, into two subcategories. The
first group consists of tires mounted on tractors, and the second group is made of tires mounted
on trailers. Truck drivers do indeed take good care of their trucks and, therefore, tires in the first
group are indeed well maintained. However, because trailers are connected to a tractor for
relative short periods (typically no more than a few days) drivers do not maintain them as well.
For example, according to Mr. Carl Tapp Director of Maintenance at P.A.M. Transport Service
Inc. employing automatic tire inflation (auto-inflate) systems on their trailers reduced their tire
maintenance costs by about 40%. (Auto-inflate systems are discussed in detail in Section 9.) At
the moment there are about 3 million trailersin service in the US, typically equipped with eight
tires each. Thus, the potential for extending the lifespan of heavy-duty tires by better maintaining
trailer tiresis significant. This potential, however, is somewhat diminished by the fact that trailer

22 http://www.jeep.com/grand cheokee/suspensi on/index.html
23 http://www. retread.ora/packet/index.cfm/I D/20.htm
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tires can be retreaded as many as five or six time, depending on the type of application (i.e.,
regional transport or cross country). For a detailed discussion of retreaded tires see Section 4.
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4. Retread tires

Retread tires offer another way to reduce the number of tires entering the waste stream because
they are not considered part of the waste tire stream. This logic is at least partially flawed
because the waste generated during the buffing of the used tires (i.e., shaving of the used tread) is
ignored in considering the total tonnage of tire waste.?* However, even if retreading tiresis not a
waste-free process, it may till offer a significant reduction in the amount of tire waste. The
following subsections look separately at heavy-duty and light-duty retread tires because of the
large difference in these markets.

4.1 Retread heavy-duty tire market

The potential of waste saving offered by retread heavy-duty tiresis substantial. According to the
Tire Retread Information Bureau (TRIB), producing a new heavy-duty tire requires on the
average twenty-two gallons of oil, while a retread tire requires only seven gallons.”®> TRIB also
contends that retread tires have roughly the same service life as new tires, and that a well
maintained tire may be retreaded multiple times. This data suggests that even if the average
heavy-duty tire could be retreaded only once, the total waste would still be reduced by about
33%, thus providing a significant reduction in waste.

With the cost of retread tires 30 to 50% less than the cost of a new tire, retread heavy-duty tires
captured a large segment of the tire replacement market.”® According to Michelin, out of a total
of 33.8 million replacement heavy-duty tires sold in North America in 2001, 17.9 million were
retread tires (Michelin [2002a]). According to TRIB, the use of retread tires saves about $2
billion annually for truckers and trucking companies in North America.

The success of the retread heavy-duty tires is due to three main factors. First, new heavy-duty
tires are expensive (e.g., the Goodyear G397 LHS 11R22.5 G costs $320.36). Thus, retread
manufacturers have enough room to get a significant return on their investment, while remaining
competitive (as evident by the big savings to the trucking companies).

Second, at least some heavy-duty retread tires come with a retreadability warranty (e.g.,
Hercules-type of tires). This warranty implies that retreadability is part of the design of new tires,
which makes the retread process more economical. This should not come as atotal surprise since
the large manufacturers of new tires (e.g., Goodyear and Michelin) also produce retread tires.

Third, heavy-duty tires are used by commercial fleets, which typically have a high level of
maintenance. As a result, it is easy to find good casings for retread. Even so, according to a
report in the Ontario Business Report January/February 2000 issue, in North America $340
million are wasted on the buffing of casings that passed initial inspection, but are disqualified as

% Waste generated during the retread process is highly in demand and is 100% recycled.
Nevertheless, it is recycled waste and therefore, it should be added to the total waste generated
and then subtracted as being diverted.

% http://www.retread.org/index.cfm/FuseA ction/Facts.htm

%6 Retread tire buyers guide (http://www.retread.org/Guide)
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aresult of defects that show up during buffing. An ultrasonic device discussed in that report is
said to be able to detect these defects in advance. If thisis indeed so, the retread industry could
improve their bottom line while becoming even more competitive.

From the CIWMB standpoint, the main question is: what is the potential for further reduction of
tire waste by increasing the market share of retreads? According to the Michelin Fact Book 2001,
retread tires account for 44% of the total (new plus replacement) heavy-duty tire market. If each
new tire could be retreaded twice (once for a driving wheel, and once for a trailing wheel), then
the maximum potential for retread tires is 66% of the total market. This figure is somewhat
optimistic in that it does not account for failures that would prevent tires from being retreaded
before they have been retreaded for a second time. On the other hand, according to TRIB, heavy-
duty tires used in short routes can be retreaded three or more times for trailing wheels, not just
once as assumed above. Therefore, it is possible to assume that these contributions cancel each
other and therefore, that the 66% limit is roughly correct. It is highly unlikely that this level will
ever be achieved. However, it may be possible to increase the market share of retread tires by a
few percentage points. According to CIWMB data from 1990, 28% of used heavy-duty tires end
up in landfills.?’ Thus, an additional increase in the use of retreads could eliminate a significant
percentage of the heavy-duty tires from going to landfills in California. For example, based on
the 1990 data, increasing the number of retread heavy-duty tires by 10% would decrease the
number of tires going to landfills by 25.7%.

4.2 Retread light-duty tire market

The success of retread heavy-duty tires has not been replicated in the light-duty tire market.
According to RMA data, in 2001 only 0.06% (1.67%) of the replacement tires for passenger cars
(light trucks) were retread tires (RMA [2002a]). In other words, currently retread tires constitute
an insignificant portion of the replacement market for light-duty tires. Apparently, the only
category in which retread tires have a significant showing is the specialty tires market (e.g., snow
tires).

It is also important to note that the light-duty retread market was doing well in the 1970s, when it
accounted for as much as 20% of the replacement market.?® However, the market for light-duty
retreads collapsed in the last ten years when cheap radial tires appeared at prices of about $20 per
unit, eroding the profit margin for manufacturers of light-duty retread tires. As a result, most
manufacturers of retread light-duty tires got out of this business (e.g., Lakin Tire, a producer of 1
million retread tires per year for passenger cars, got out of the market four years ago).”® At the
moment there seems to be only one producer of retread passenger car tires in California, Frank
Fargo Tire & Rubber Co. of Los Angeles, and even this producer is primarily producing heavy-
duty retread tires.

2" The 1990 data is used here because it appears to be the latest data that separates light- and
heavy-duty tires.

%8 Harvey Brodsky, TRIB official 1-888-473-8732.

 Randy Roth, V.P., Lakin Tire 1-800-488-2752.
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According to TRIB, seven gallons of oil go into the production of an average new light-duty tire,
while only 2.5 gallons are required for the average light-duty retread tire® This suggests the
possibility for asignificant potential for reduction of waste. Therefore, an important question that
must be addressed before proceeding with the discussion of retread light-duty tires is their
market-size potential. According to Michelin, the total passenger car market in North Americain
2001 comprised 77 million original equipment (OE) market tires, and a 184-million replacement
tire market. Excluding the OE market, retread tires can be candidates for 70% of the tires sold in
the passenger car market. If fifty percent of the total replacement light-duty tires sold in
California were retread tires (recall that retread tires account for 53% of the replacement heavy-
duty tires market), and each tire could be retreaded only once, then the number of light-duty tires
entering the waste stream would decline from 19.5 million to about 12.7 million.** This potential
for a 35% reduction in the number of light-duty tires entering the waste stream justifies further
investigation into the use of light-duty retread tires in California. Therefore, the question that
arisesis. isit possible to significantly increase the market share of light-duty retread tires?

To answer this question one has to begin by exploring new technologies that may alter the
playing field for retread light-duty tires. For example, according to TRIB, in 2000, 85% of light-
duty tires inspected were rejected for retreading.® TRIB attributes this relatively high percentage
of rejects to inferior maintenance practices (relative to trucks).* Specifically, according to TRIB,
the retreading potential of a tire is significantly reduced if the air pressure in it is 20% below
placard for a significant amount of travel.* This is because the damage induced in the tire walls
will prevent it from passing the rigorous inspections imposed by the retread tire industry.® This
situation is about to be at least partially improved as a result of the NHTSA regulation on TPMS
discussed in Section 8. Even more advanced systems are being developed that do not just warn
of reduced air pressure but try to maintain proper pressure (see Section 9). The availability of
such systems, together with better public education, would likely result in a significant increase
in the percentage of tires accepted for retreading because of the dramatically improved level of
mai ntenance achieved when these systems will be in place.

In discussing retread light-duty tires with current and past producers, they did not attribute much
importance to a possible increase in the percentage of tires accepted. However, the following
argument could change their outlook. First, the cost of selecting quality casings and the number
of rgjects after buffing will be reduced. This will represent a savings to the retread tire producers
that will help their bottom line.

Second, with the notable exception of replacement exotic tires (e.g., for the Chevrolet Corvette),
which constitute an insignificant segment of the market, retread tire producers focus entirely on
competing in the marketplace with budget tires. However, the availability of alarge pool of tires
can make it possible to produce retread lines that will be based on a single original casing

% Harvey Brodsky, TRIB official, telephone discussion, 15 August 2002.
3 The numbers are based on the 1992 CIWMB report to the legislature: Tires as a Fuel
Supplement: Feasibility Study.
z http://www.retread.org/packet/index.cfm/I D/20.htm
Id.
34 http://www.retread.org/packet/index.cfm/I D/138.htm
% http://www.retread.org/packet/index.cfm/I D/20.htm
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manufacturer, with the implication that a consumer will be able to get 4 tires that ook the same.
The vision here is that of a store where the consumer can purchase either a set of new tires, or an
equivalent retread set. Thiswould be especialy attractive for the second and third replacement of
higher end tires. For example, consider the owner of a 1992 Lexus LS400 who would like to
replace a set of 4 Michelin Energy MXV4 plus tires. According to the Sears online catalog, the
price for these tires would be $651.96 plus tax. However, imagine that this may be the third time
the customer is replacing their tires (or even that this is a second or third owner) she or he may
be interested in a set of retread tires based on Michelin Energy MXV4 plus casings, that may
cost only $250 plus tax, thus offering a considerable advantage. The key here is that the retread
tires will al have the Michelin Energy MXV4 plus label on them and thus, cater to the
consumer’ s preference for “matching” tires.*

Another issue that might inhibit the increased use of retread tires in passenger cars is the
perception of safety. For example, in 1997, 50.9% of the replacement passenger car market was
taken by the big tire brand names (e.g., Michelin, Goodyear, and Bridgestone). Aided by the
Firestone scandal in 2000, the brand names market share increased to 56.5%, and in the first
nine months of 2001 the percentage further increased to 57.9% (Michelin [2002a]). Thus, the
public will need to be educated as to the fact that retread tires are just as safe and provide
roughly the same longevity as new tires. Here it is important to note that the even big brands
such as Michelin are now producing heavy-duty retread tires, and that the retread industry has
had to mount an aggressive campaign to educate heavy-duty vehicle fleet managers about the
advantages of retread tires.

Finally, according to 2001 data, 1.5 million used tires are reused in California, and an additional
2.6 million tires are exported (CIWMB [2003b], Table 1). If the technologies noted above do
increase the average tire-life mileage, the number of reused tires is expected to fall. Therefore,
there will be a need to fill this void. Assuming that consumers resort to buying used tires
primarily because of price, budget retread tires (i.e., the traditional approach to retread tires) can
fill some of that void.

% With the exception of the addition of a code identifying the tire as a retread, the sidewalls of
retread tires remain unaltered by the retread process. For example, a retread tire of an original
Goodyear casing will continue to read “Goodyear” on the sidewall. This will be true regardiess
of who produces the retread—the original tire manufacturer or an independent one. The only
difference will be in the tread pattern. The original tire maker can continue to use the original
pattern. However, the independent producer will have to resort to a tread pattern that provides a
similar performance, but will not be same as the original one, so as not to infringe on the
intellectual property rights of the original tire maker.
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5. Is there a need for government to mandate longer limited
warranties?

The question raised in the title of this section is pivotal to the determination of which approach is
best to achieve longer average tire-life mileage. To sharpen the question, there are tires available
today that come with 100,000 mile limited warranty; would tires with alonger warranty advance
the cause of extending tire-life mileage? The assumption underlying this question is that the
extended warranty comes about because of government mandate, not because of technology
breakthroughs. An extended warranty due to technology improvements would be welcomed.

Currently, tires with longer warranties tend to be heavier because they typically have thicker
treads. Thus, when they come into the waste stream the total waste by tonnage would be
increased, which would at least partially offset the gains achieved by longer tire lifespan. Also,
these tires tend to have longer braking distance (wet and dry). As aresult, introducing longer life
tires would result in an increased number of accidents, injuries, and fatalities on the California
roads. This in turn would result in a larger number of tires entering the waste stream from
dismantled vehicles.

Presently the average vehicle in Californiais driven about 12,000 miles per year. This means that
a properly maintained tire that comes with a limited warranty of 100,000 miles would last about
eight years and four months. This period exceeds the period that a typical consumer owns a
given vehicle. As a result, consumers are not likely to take advantage of tires with such a long
lifespan. These longer-lifespan tires are also not likely to be used as OE tires because they would
be detrimental to meeting CAFE standards.®” Also, these tires would most likely increase the
vehicle fuel consumption, which would hurt the consumer checkbook, and the environment
because of increased pollution.

The average life mileage of passenger vehicles in the United States is 130,800 miles (CEC
[2003b], Table 2).*® OE tires average 38,100 miles (CEC [2003b], Table 2), and thus
replacement tires are required for the next 92,700 miles. Presently there are tires that offer a
100,000 miles limited warranty, and therefore there is no need for tires with alonger life.

Finally, and most importantly, the benefit of an extended limited warranty is likely to be
undercut by consumers replacing their tires before they reach the mileage promised in the limited
warranty. These tires are replaced because of uneven wear (see Section 3.2 for a detailed
discussion), and aging effects. As was noted above, tires currently available with 100,000 miles
limited warranty are expected to last on the average for more than eight years (assuming proper
tire maintenance). However, due to pollution, in urban environments tires develop significant
aging damage after about 6 years.> Because of concerns over tire aging, which results in reduced
tire performance and safety, many consumers would replace their tires before their treads were
fully worn out.

3" See Appendix A for a detailed discussion of the tread-off between reduced rolling resistance
and tire life mileage.

B NHTSA estimates the average life VMT at 126,678 miles (NHTSA [20024]).

% Harvey Brodsky, TRIB official, telephone discussion, 15 August 2002.
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To summarize, it is unlikely that, barring a technological breakthrough, consumers would
voluntarily take advantage of tires with a limited warranty longer than 100,000 miles. Even if
forced to use these tires, they would most likely not use them to their full tread potential. As a
result, it is highly unlikely that a government mandate to introduce tires with longer than 100,000
miles limited warranty would reduce tire waste (by tonnage) in California. Therefore, other ways
to achieve the goal of reducing tire waste should be adopted.
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6. Tire Pressure Monitoring System Regulation

On 30 May 2002, in response to a mandate in the Transportation Recall Enhancement,
Accountability, and Documentation (TREAD) Act of 2000, NHTSA issued its final rule on Tire
Pressure Monitoring Systems (TPMS) (NHTSA [2002b]). This final rule, which is actualy the
first part in a two-part ruling, governs passenger cars, trucks, multipurpose passenger vehicles,
and buses with a gross vehicle weight rating of 10,000 pounds or less, except those vehicles with
dua wheels on an axel.

NHTSA requires all vehicles that fit that standard to be equipped with a yellow telltale warning
light that illuminates when tire pressure drops below a specified activation threshold. Two levels
of compliance are alowed until November of 2006, when Part 2 of this standard, to be issued by
1 March 2005, will take effect. The first compliance option states:

“the vehicle’'s TPM S will be required to warn the driver when the pressure in any
single tire or in each tire in any combination of tires, up to atotal of four tires, is
25 percent or more below the vehicle manufacturer’ s recommended cold inflation
pressure for the tires, or a minimum level of pressure specified in the standard,
whichever pressureis higher.”

The second compliance option states:

“the vehicle’'s TPM S will be required to warn the driver when the pressure in any
single tire is 30 percent or more below the vehicle manufacturer’s recommended
cold inflation pressure for the tires, or a minimum level of pressure specified in
the standard, whichever pressureis higher.”

NHTSA is currently indicating that only the first compliance option will be allowed in Part 2 of
the rule. However, a fina decision has not been made, and NHTSA acknowledges that it is
possible that both options may be allowed to continue, or yet a third, unspecified option, may be
adopted.

The current phase-in schedule is as follows:

“10% of a vehicle manufacturer’s light vehicles will be required to comply with
either compliance option during the first year (November 1, 2003 to October 31,
2004), 35 percent during the second year (November 1, 2004 to October 31,
2005), and 65 percent during the third year (November 1, 2005 to October 31,
2006).”

The motivation for the two levels of compliance is that current indirect TPM Ss cannot meet the
first compliance level (see Section 8 for a detailed discussion of direct and indirect TPMSs). The
two levels of compliance have significantly different levels of costs and benefits. According to a
NHTSA analysis, the total net annual cost of the first compliance level is $862 million, and the
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second compliance level is $706 million.** The first compliance level would prevent 125
fatalities and reduce in severity 8,722 injuries per year, and the second compliance level would
save 79 fatalities and reduce in severity 5,176 injuries per year.

The rule will also impact tire-life mileage. In its ruling, NHTSA estimates that if all vehicles
subjected to the new TPMS rule would meet the 25-percent compliance option, average tread life
would increase by 1,143 miles. NHTSA also estimates that if all vehicles met the 30 percent
compliance option, the average tread life would increase by 15 miles. Based on an average tire-
life mileage of 41,000 miles, the two compliance options translate to a 2.8% and 0.04% increase,
respectively, in average tire-life mileage.

2001 data published by the CIWMB indicates that 24% of PTEs are being disposed of (CIWMB
[2003b], Table 1). Accordingly, if all vehicles meet the 25% compliance option, the percentage
of PTEs being disposed of will decrease by 11.67%, while the 30% compliance option will
eliminate amere 0.17% of the PTEs being disposed of.

“0 It does not appear that the net costs include the cost of disposing of the tires, which are all
going to go into storage or landfill because not all waste tires find a secondary use.
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7. Tire Technology

New tires technologies and recent trends that will affect the average tire-life mileage are
considered in this section. First, run-flat tires are discussed in Section 7.1. Second, smart tires are
discussed in Section 7.2. Finally, new manufacturing processes are discussed in Section 7.3.

7.1 Run-flat tires

Run-flat capability is achieved by reinforcing the sidewalls so that the sidewalls can carry the
entire load applied to the tire. Run-flat tires enable the safe operation of avehicle for afew dozen
miles, and at normal highway speed, even when the air pressure in the tire drops to zero. The
inherent safety advantage offered by run-flat tires will make them the standard tire in the not too
distant future. Goodyear indicated that it expects that 30% of all new vehicles will be equipped
with run-flat tires by 2010, and Bridgestone indicated that it expects this percentage to grow to
100% by 2020 (Show [2002]).

Run-flat technology is safety-oriented, and it is not clear that it will extend the lifespan of tires.
At the moment, most of these tires are installed on high performance vehicles such as the BMW
745iL, and typically come with aV, W, or Y speed rating.** As a result, they have rather poor
wear performance. Anecdotal evidence suggests that current run-flat tires wear faster than high
performance tires of comparable speed rating. For example, the Michelin Pilot HX MXM4 run-
flat tires have a UTQG tread wear rating of 300 whereas Michelin’s high performance Energy
MXV4 plus tire have a UTQG tread wear rating of 400 (both these tires have a V' speed rating,
and come with no limited warranty).*

The added material strengthening the sidewalls adds to the tire weight and therefore, run-flat
tires may increase the total tire waste by tonnage. On the other hand, reliable run-flat tires may
eliminate spare tires, which in turn would contribute to a reduction in tire waste (Michelin
[20024]).

A different run-flat technology, termed the “PAX system,” is being co-developed by Michelin,
Pirelli, Goodyear, and Sumitomo (Michelin [2002a]). The PAX system combines a new
anchoring design to attach the tire to the wheel, an insert, and a tire with a low sidewall-size to
tread-width ratio (Michelin [2002a]. The PAX system also includes a pressure monitor (Michelin
[2002a]). The role of the insert is to provide support in case the air pressure drops. The PAX
system extends the safe driving range to 125 miles (Michelin [20024]).

7.2 Smart tires

A recent development, still in research and devel opment phase, aims to achieve “smart” tires that
work together with the vehicle suspension and braking systems. The first to introduce such a
system was Continental A.G. Combining the smart tire with the antilock brake system (ABS) led
to a 5% reduction in braking distance (Show [2002]). Additionally, Dr. Horst Glaser, who is

! See http://www.nhtsa.dot.gov/cars/rul es'tiresafety/ridesonit/brochre.html for arating table.
“2 http://www.nhtsa.dot.gov/cars/testing/utqg/table_8.htm#Brand: MICHELIN
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responsible for suspension development at Audi, said that connecting the Continental smart tires
to the vehicle' s electronic stability program (ESP) led to “the most stable car he had ever driven”
(Show [2002]). Thus, smart tires have the potential to provide important advantages to
consumers. It is therefore no surprise that these improvements caught the industry’s attention,
and other manufacturers, among them Bridgestone, Goodyear, and Michelin, have announced
interest in pursuing this type of technology (Show [2002]).

Integrating smart tires into the suspension system offers a significant advantage aso from the
standpoint of extending the lifespan of tires (ERJ [2002]). Specifically, by identifying forces and
moments acting on it, atire could detect if it wears evenly. In case it does not, it would convey
this information to the suspension system, which would then redistribute the load between the
tires so as to achieve a more even tire-wear. However, for this type of smart system to work, the
tires must be properly inflated, because it will be difficult for the suspension system to correct
the situation when the load is carried primarily by the sidewalls.

7.3 Developments in manufacturing

Tire price-to-performance ratio has come down in the past few years. New production
technologies will most likely extend this trend. For example, Michelin is now introducing a new
production process (termed “C3M™) that combines seven fully separated production steps into
one (Michelin [2002a]). The new process ssimplifies production, brings manufacturing costs
down, and can lead to improvement of the product (Michelin [2002a]).

Norma market forces will pass some of the savings to the consumer, who may use this
opportunity to obtain better tires. However, the availability of tires at lower prices may
strengthen the current trend, noted in Section 3.3, to move towards high performance tires that
contribute to the reduction of average tire-life mileage. Also, lowering the price-performance
ratio may turn tires into a commodity and result in increased consumer consumption. For
example, consumers would be less likely to wait for the tread to wear before they replace their
tires.
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8. Technology to monitor and control tire pressure

The poor state of tire maintenance depicted in Table 3.2 can be improved by employing
technologies that monitor and maintain tire pressure. Two types of monitoring systems are
commercialy available. The first type, based on direct measurement of the air pressure in each
tire, is reviewed in Section 8.1. The second type, presented in Section 8.2, deduces the air
pressure based on the angular velocities of the tires. Hybrid systems are also possible, and are
discussed in Section 8.3.

The discussion focuses on under-inflated tires. Over-inflated tires also lead to excessive wear,
but will not be addressed for the following reasons. First, over-inflation is not known to be a
significant safety issue (NHTSA [2001b]). Second, tires lose pressure under normal operating
conditions, so that an over-inflated tire will become a properly inflated tire after a short period.
Third, a NHTSA survey conducted in 2001 found that most tires are significantly under-inflated,
not over-inflated (see Table 3.2).

8.1 Direct tire pressure measuring systems

A direct tire pressure monitoring system (TPMS) employs pressure gauges mounted in each tire
to directly measure the air pressure in each of the tires. The measured pressure is transmitted via
a wireless system to a main unit located in the vehicle, which processes and displays the
information to the driver. Figure 10.1 provides an illustration of the Siemens A.G. VDO direct
TPMS caled “Tire Guard.” A direct TPMS is installed in the Chevrolet Corvette, and is
expected to be widespread soon. For example, a Siemens A.G. press release on 19 December
2001 announced orders totaling 400 million Euros for their Tire Guard TPMS to be installed
with original equipment.

The accuracy of direct TPMSs is about +1.5 psi (e.g., Tire Guard by Siemens A.G. and
TireWatch by TRW). Some devices also measure the temperature and “correct” the measured
pressure (e.g., model 2019 by smarTire). This feature is important because as a tire rolls on a
pavement its temperature increases and the tire pressure builds up (see Figure 3.2). As a result,
without temperature correction a situation may arise where the TPM S issues a warning, and then
cancels the warning. This is not a desirable feature because the specification is for a cold tire,
with the understanding that air pressure builds up in the tire as the temperature increases.
Additionally, the effect of aflickering warning may be to cause consumers to distrust the system.

The example display to the driver illustrated in Figure 8.1 shows an important capability of direct
TPMSs, namely the ability to display to the driver the air pressure in each tire, and identify the
tire(s) requiring attention. Displaying the tire pressure for each tire is pivotal to improving tire
maintenance. Specifically, each time the driver startsthe car it will display the air pressure in the
tires. The driver will then be able to determine, in advance, the need to inflate the tires the next
time she or he refuels.
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Figure 8.1; Schematic of the Tire Guard direct TPMS by Siemens A.G.*

Direct TPMSs suffer from two major drawbacks. First, the sensor, which is mounted on the
whedl (see Figure 8.1), may be susceptible to damage when the tire is taken off the rim.
However, the sensors are both very small (atypical sensor weighs 1.5 oz or less) and are built to
withstand large g-forces (e.g., at 156 MPH the transmitter endures 1,000 g). Therefore, it is not
likely that the transmitter will be easily damaged.

Second, current direct TPMSs include a battery with each pressure sensor (i.e., one battery per
tire). These batteries are said to last seven to ten years (e.g., the TireWatch by TRW claims a ten-
year battery life). Thus, given that there are 200 million vehicles in the U.S., and assuming four
wheels per vehicle and a ten-year battery life, there will be a need to dispose of 80 million
batteries on an annua basis. However, |Q-mobile, a German company, is already claiming to
have produced a battery-less sensor, and that it is cheaper than the battery-operated sensor it
replaced. Therefore, since the technology is available and apparently competitively priced it
appears that battery-powered sensors may be phased out. It should be noted that the availability
of battery-less sensors should be of no surprise since battery-less technology has been available
in other applications for quite some time (e.g., self-winding watches).

As part of its study of TPMSs, NHTSA evaluated six direct systems (NHTSA [2001b]). For al
six systems, the rotational motion of the tire activates the in-tire sensor and consequently, the
vehicle is required to move for these systems to warn the driver of under-inflated tires. Thus,
because of communication cycles between the sensors and the central unit, the driver may not be

3 Thisimage is reproduced from Siemens A.G. website.
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warned for a few minutes.® This may be too long a delay from a safety standpoint. From a
maintenance standpoint this may also represent a problem because the consumer may not be
tuned anymore to the tire pressure display. Moreover, as illustrated in Figure 3.2, air pressure in
tires builds up during this period and thus the delayed display may be misleading. Consequently,
waiting for the low-pressure warning will not achieve the full potential of the tire-life mileage
because it will not be kept at optimal conditions.

Some new systems continue to monitor tire pressure even when the vehicle is parked (e.g.,
TireWatch 2019 by smarTire) thereby potentially eliminating the delay time discussed above.
However, even this newer generation goes into sleep mode while the vehicle is parked, and
checks the pressure only every fifteen minutes. Therefore, the system may still require a few
minutes to warn the driver of low pressure in one or more of the tires. This new devel opment
indicates that low-pressure warning could be issued even faster in the not too distant future.

It is important to note that there is yet another low-tech direct tire pressure gauge that can be
used. This gauge replaces the standard tire valve cap. It measures the air pressure in the tire, and
its external color changes from green when the pressure is proper, to yellow when the tire
experiences moderate loss of air pressure, to red when the pressure drops below a specified
threshold. These gauges are relatively cheap, easily installed, and are pressure-specific (i.e., if
your placard pressure is 30 psi, you'll get a 30 psi gauge).” However, there is no central unit in
front of the driver displaying a warning. Rather, the consumer has to go around the car and look
at the color on each gauge. Therein lies the weakness of this system. After checking a few times,
and finding that the tires are fine, as they are likely to be since in normal circumstances pressure
loss is slow and gradual, the consumer will stop looking at the devices, assuming that the tires
will always be properly pressurized. Also, it is very easy to lose this gauge, and so most
consumers will not replace them. Finally, the sensing device does not correct for temperature and
therefore, if the tire is hot the consumer may erroneously think that the pressure is fine, when in
reality it is not (see Figure 3.2).

Finally, it isimportant to recognize that at least part of the reason that consumers do not maintain
the proper air pressure in their tires is that for many consumers the current process is too
difficult. Therefore, a simpler mechanism may be called for. One approach that can assist is if
the consumer would not have to actually check and recheck the pressure while filling air. To this
end a new valve may be developed that combines pressure and thermal sensors that are already
there for the TPMS, with a one-way valve that is also already there, and a control unit that lets
air in until the internal pressure is set to the temperature-corrected placard value.®® The
advantage of such avalve isthe ease of filling tires with air. It has, however, two disadvantages.
Firgt, this valve would be more expensive than the current one. The difference, however, is
probably no more than a couple of dollars per rim, and the extended tire-life mileage would most
likely return more than the value of the valve. Second, consumers will still need to remember to
fill thetirewith air.

“ At least one of the systems tested by NHTSA had a feature that caused it to increase the
transmission rate when a problem is detected and thus, the delay time is reduced considerably.

> A web search found that a set of four gages could be obtained for $15 to $17.

“6 The Cycloid system, which is discussed in detail in Section 9.2, contains two such valves,

29



Symplectic Engineering Corporation

8.2 Indirect tire pressure measurement devices

Indirect TPMSs are based on the observation that for a vehicle moving at a given velocity, the
angular velocity of its wheels depend on their rolling radius. As a tire's pressure decreases, its
rolling radius also decreases, and its angular velocity increases. By comparing the angular
velocity at the different wheels, indirect TPM Ss identify tire pressure. In 2001, indirect TPMSs
were installed in 1.6 million vehicles in the U.S. (NHTSA [2001b]). Vehicles equipped with
indirect TPMS include Toyota Sienna, Ford Windstar, and Oldsmobile Alero.*” Finally, it should
be noted that all currently available indirect TPMS require the vehicle to be equipped with ABS.

Because indirect TPMS rely on comparison among the tires, currently such systems cannot
detect lower tire pressure if all four tires are under-inflated; if two tires on the same side are
under-inflated; or if two tires on the same axle are under-inflated (NHTSA [2001b]). Moreover,
practical aspects of current systems limit them to indicate that a tire is under-inflated, but they
cannot identify which one it is or if more than one tire is under-inflated. Also, current indirect
TPMS require a differential of 30% in the air pressure before a warning is displayed and
consequgntly, the warning can be displayed only when the air pressure is 30% or more below
placard.

NHTSA evaluated four indirect TPMSs, all preinstalled by the original equipment manufacturer
(NHTSA [2001b]). This study found that “it was discovered that vehicles with WSB systems
might not warn during straight-line driving (but will on roads with turns).”*® This raises the
guestion of the value of indirect systems for freeway travel, which is characterized by many long
stretches of straight-line driving. Also, al four indirect systems studied failed to warn the driver
when two tires on the same side of the vehicle were significantly under-inflated (50% below
placard).

All four systems evaluated by NHTSA in 2001 required a considerable amount of time to
calibrate. One system required eight hours of driving and another required driving at speeds of
up to 155 MPH. For example, NHTSA quotes the calibration procedure recommended by BMW
for their RDW system:

“Drive the vehicle for an hour in the speed range of 9 to 62 mph. Then, drive for
15 minutes each in the following speed ranges: 62 to 80 mph, 80 to 100 mph, 100
to 120 mph, and finally 120 to 155 mph. The system is then deemed ready to
detect loss of tire pressure at any speed.”

System calibration is required after tire rotation, repair, or replacement. NHTSA estimated that
system calibration would be required about 100 times during the life of the average vehicle.
Therefore, an important question is whether these systems will ever really be properly calibrated.
Is every new car going to be driven for eight hours, or at speeds of up to 155 MPH during the

*" http://www.nhtsa.dot.gov/cars/rules/rulings/ TirePresFinal /I ndex.html

8 Toyota indicated in its comments to NHTSA that its next-generation indirect TPMS will be
able to detect a differential of 20% of placard between the tires, but it did not indicate when such
a system would be available.

9 “WSB" stands for “Wheel-Speed Based.”
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quality control testing? Or is the consumer expected to do this each time they replace their tires?
This elaborate calibration system casts doubt over the use of such systems. It should also be
noted that none of the four systems tested by NHTSA informed the driver if the system was
calibrated.

From the above discussion it is evident that indirect TPMSs are inadequate from a tire
maintenance standpoint. Indeed, both NHTSA and automakers state that these systems are
intended for safety and should not for tire maintenance. However, a NHTSA study found that a
majority of the people asked stated that if their car were equipped with a TPMS, they would rely
on the system to tell them when the tires need to be inflated. Therefore, in view of the fact that
tires deflate slowly under normal operation, it would appear reasonable to assume that indirect
TPMSswill either fail to warn the driver of low air pressure entirely, or will do so only when the
air pressure has dropped more than 30% below placard.

8.3 Hybrid tire pressure monitoring systems

TRW, amaker of both direct and indirect TPM Ss, suggests that the limitation of indirect TPMSs
could be removed by using a hybrid system that will employ direct pressure measurements of
two wheels and use indirect measurements for the other two wheels (NHTSA [2002b]). Such a
system could in theory be used to determine the air pressure in al four tires. However, it would
require a considerable lead-time (possibly as much as 8 minutes) to identify the pressure in the
two tires for which only indirect measurements are available. By that time the vehicle would
have traveled a considerable distance, and its temperature would have probably risen (see Figure
3.2), in which case even hybrid TPMSs cannot detect the “cold” pressure (note that no
temperature compensation is available for the two tires where pressure is measured indirectly).
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9. Tire pressure auto-inflate systems

Direct and indirect TPM Ss dert drivers, with varying degrees of reliability, of the need to inflate
their tires. However, there is nothing to ensure that the driver will follow up on this warning.
Therefore, it would be preferable if an automatic system could take on this task. Here it is
important to recall that when atire is under-inflated, even at 20% below placard, the change in
the tire may not be visualy significant (see Figure 9.1) and as a result, consumers may chose to
ignore the TPM S warning. Moreover, indirect TPMSswarn only after a considerable air pressure
loss (30% of placard) and as aresult, they are not a good indicator for maintenance purposes.

30 psi :.Hi pm
Figure 9.1: Visual appearances of severely under-inflated (right) and properly inflated tires.™

Air-pressure loss in tires is mostly attributed to slow loss through air permeation and/or small
punctures to the tire. For these types of problems it would be desirable to have a system that
detects when the air pressure dropped by arelatively small percentage of the placard air pressure
and then proceeds to automatically inflate the tire back to the specified level. In the following
discussion such systems are referred to as “auto-inflate systems.” Because of different levels of
product availability and market penetration, in the following, auto-inflate systems are discussed
separately for heavy-duty tires (Section 9.1) and light-duty tires (Section 9.2).

9.1 Heavy-duty tires

Auto-inflate systems for heavy-duty tires are available from a number of vendors. Common to all
systems is the availability of a pressure sensor in each tire and a system to deliver air to the tires.
The delivery system varies considerably between manufacturers. For example, Pressure Systems
International (P.S.1.), marketed by ArvinMeritor, provides an auto-inflate system named “ATIS’
for truck trailers. This system connects to the air tanks already mounted in the undercarriage to
deliver air to under-inflated tires. A control box mounted in the undercarriage determines when
additional air is required. Thus, extending the use of this system beyond truck trailersis limited
(because of cost) to systems that use air tanks to operate the brakes.

A very different system is produced by Cycloid, where a centrifugal pump is connected to each
tire and delivers air just to that tire. The main advantage of the Cycloid system is that it requires

* This image is reproduced from Bridgestone' s web site.
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almost no changes to the trucks or trailers, and does not depend on the availability of air tanks, as
doesthe PSI ATIS system. Both systems require some modification to the rim.

The tale that these companies tell is compelling. For example, according to ArvinMeritor’'s
return-on-investment calculator (provided on their web site), the cost of the PSI ATIS system is
$725, and they expect a 10% increase in tire life mileage® A video available on the
ArvinMeritor web site states that for heavy-duty tires, 20% under-inflation reduces life mileage
of tires by 25%, and 30% under-inflation results in 55% reduced life mileage.* An additional
advantage noted in the video is that tires wear more evenly, thus making them more suitable for
retreading. Consumer comments, such as those below, support these claims.™

Lynden Transportation, Inc. “We have in excess of 250,000 miles on our trailers
with PSI ATIS. We run from Houston, Texas to Prudhoe Bay, Alaska. PSI has
eliminated early cupping, increased tire life 50% and has proven to be durable.”

Landstar Companies, Inc. “With an increase in miles per 1/32™ of over 30% and
no maintenance problems or failures, PSI ATIS proves to be a good safety and
maintenance device. All new trailers are to be equipped OEM.”

By 2002 Union Pecific Raill Roads (UPRR) installed 16,000 PSI ATIS units, apparently all
mounted on trailers equipped with retread tires.> A study by UPRR showed that they achieve a
payback on the investment in less than two years.” Also, UPRR’s average replacement of tiresis
2.98 per chassis per year with the ATIS system, and 3.80 per chassis per year without the ATIS
system.*® Thus, auto-inflate systems can be quite effective in reducing tire-wear.

9.2 Light-duty tires

Unlike the multiplicity of devices available for heavy-duty tires, only Cycloid appears to provide
a system for the light-duty tire market, termed “ AutoPump.” According to a June 18, 2002 press
release by Cycloid, DamlerChrysler has featured the AutoPump on its new concept vehicle, the
Jeep Grand Cherokee Concierge, which was unveiled in Stuttgart, Germany in early June 2002.

The Cycloid devices combine a direct TPMS with an inertia compressor to continuously top-off
tire pressure as needed, so that the specified air pressure is always maintained. The compressor
provides air to the tire when the pressure in it drops by 2 psi below placard. Thus, assuming a
placard of 30 psi, the air pressure level should not drop by more than about 6.6% for a tire
equipped with the Cycloid system.

51 www.arvinmeritor.com/products/truckandtrail er/tirei nfl ationsystemspaybackcal cul ator.asp
52 http://www.arvinmeritor.com/products/truckandtrail er/tirel nfl ationsystems.asp
53 http://psi-atis.com/testimony.htm
> ArvinMeritor, [2002], presentation at the International Operations & Maintenance Seminar,
Oak Brooks, IlI.
55
Id.
% |d.

33



Symplectic Engineering Corporation

In aletter to NHTSA, Goodyear indicated that aloss of 1 psi of air pressure results in a loss of
1.78% of tread life (NHTSA [2002b]).>’ Combining this information with the current
maintenance practice in the U.S. as reflected in Table 3.2 suggests that an auto-inflate system
with the characteristics of the Cycloid device can extend tread life by about 7.7 percent.® If the
fact that the NHTSA study did not account for the fact the tires were hot is factored in then the
Cycloid device extend tread life by about 12 percent. Also, the difference between the lower
bound on the air pressure level maintained by the Cycloid system and the level at which direct
TPMSwill issue awarning leads to a saving of about 9.8% in the tread life.*

According to the 2001 CIWMB annual report, about 24% of passenger tire equivalents (PTES)
end up being disposed of (CIWMB [2003b]). Thus, extending tire-life mileage by 9.8% will
eliminate 40% of the PTEs disposed of in California. This value most likely overestimates the
actual reduction because light-duty tires probably constitute a higher percentage of the tires that
end up being disposed of. 1990 appears to be the last year for which data is available separately
for light- and heavy-duty tires (CIWMB [1992]). In 1990 19% of heavy-duty tires and 62% of
light-duty tires were disposed of (CIWMB [1992)).

>" Goodyear holds aminority ownership in Cycloid.

¥ The 7.7% value is calculated as follows: 1.78 * (0.4*[0.3*30-2]+0.05*[0.25* 30-2]
+0.07*[0.2* 30-2]+0.48*[2])=7.68. The first number in each pair represents the percentage of the
total fleet (see Table 3.2), and the expression within the square brackets represents the difference
between the measured air pressure, which is converted from the percentage out of placard in
Table 2 by assuming 30 psi placard, and 2 psi below placard. The last expression within square
brackets, the number 2, represents an estimation of the average difference for tires that are
inflated 20% or more below placard.

* This assessment may underestimate the life-mileage loss because when the tire is under-
inflated its rolling friction increases, resulting in excess heat that further damages the tire (i.e.,
beyond direct wear). Thus, the tire-life mileage is further reduced.
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10. Framework for Economics Analysis

This section provides the necessary background and establishes the framework for the economics
analysis. Two different strategies are available to conduct the analysis. First, benefit-cost
analysisisdiscussed in Section 10.1. Second, cost effectiveness is addressed in Section 10.2.

10.1 Benefit-Cost Analysis

Benefit-Cost analysis [BCA] is used to assess the relative gains of undertaking one course of
action rather than another. This could involve a new set of rules, an investment or a new process.
BCA requires abaseline, or counter-factual, that defines the aternative in the absence of change.
This base line provides a standard against which the different alternatives are compared.

The first step in benefit-cost analysis is the establishment of the merits of a proposed plan or
project on an efficiency basis. This is an important point to recognize in choosing among
evaluation methods. BCA evaluates strictly on the basis of economic efficiency. There are three
components to the measure of economic efficiency: static alocative efficiency, dynamic
[allocative] efficiency and productive efficiency. Productive efficiency addresses the question of
whether an organization produces its output at a given level of quality at the least cost possible.
Productive efficiency will be achieved if the best available process technology is utilized and the
mix of inputs used is consistent with the set of relative input pricesin the market. In other words,
a firm or agency that achieves productive efficiency is operating on the lowest cost function
available. Thisisthe measure that most people identify with the meaning of efficiency and thisis
the best representation of what the new tire saving processis aimed at.

BCA undertakes to compare in commensurate terms the sum total of the benefits and costs
resulting from a plan or project. Thisis normally accomplished by deriving monetary estimates
of both benefits and costs at a common point in time. Benefits are estimated as the beneficiary’s
willingness to pay for the publicly provided good or service, and costs are valued at the inputs
opportunity cost, that is, at values adequate to compensate the suppliers of the resource for
foregoing its use in their best aternative allocation. One of the major tasks of BCA is the
determination of willingness to pay and the opportunity cost, for often no market values exist and
even where available, they need not be consistent with social value. If on this basis benefits
exceed costs, the project is considered socially justified, as the beneficiaries of the project could
compensate those who lose as aresult of the project.

10.1.1 Benefit Cost Analysis: Selection Criteria

The typical problem to which BCA is applied is to evaluate on a comparable basis the stream of
socia costs arising from the undertaking of a project or program. An essential and often difficult
task is to determine the pattern of benefits and costs over the project’s life, but once
accomplished, the analyst has a time stream of benefits

Bo, B1, By, ... , Bt1, Bt
and atime stream of costs
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from the present, 0, to the termination date t or some future point such as the lifetime of the
project. By is the benefits in the current year, B; the benefits next year and so on until B; are the
benefitsin year t. Similarly for costs, C. The monetary value of the respective time stream cannot
simply be summed and compared to determine the project’s viability since the time patterns of
benefits and costs are likely to differ significantly. Usually the bulk of the costs occur in the early
years when the project is under construction, being made or put in place while benefits are
generated in later years once the activity becomes operational. The difference in the timing of
benefits and costs would not matter if people valued a dollar today and a dollar in the future

equally.®

Because a dollar is valued differently at different periods of time, it is necessary to relate the
value of benefits and costs in different years to a common period. This is achieved by
discounting future benefits and costs to their present value. The present value of one dollar
available in period t and discounted at theratei is
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Hence the present value of the benefit stream can be established as
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and the present value of the cost stream as
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Once discounted to the present, benefits and costs can be compared. In BCA this comparison is
most commonly expressed either as a benefit-cost ratio
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or as net present value

NPy =Y By C 2‘3

nO(l |) n0(1+ =0 +|)

% The fact that borrowers are willing to pay interest, a premium, for the use of money today
rather than waiting for the future, and that lenders require the interest as compensation for
foregoing their use of money today and postponing its use until the future, is a testament to the
unegual value of money over time. This is the reason that we find, for example, that a $1,000
bond payable one year hence has a market value of $925.93 when the rate of interest is 8 percent.
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The project or investment is viable on efficiency grounds if the B/C is greater than one or if its
net present value is positive. The former value provides a measure of the rate of return (i.e., the
benefits per dollar of expenditure). The latter gauge gives a measure of the magnitude of the
return (i.e., how bigitisin dollars).

The maor advantage of the net present value (NPV) criterion is that it shows the absolute
magnitude of the returns from a project, investment, decision or change. Thisisin contrast to the
benefit-cost ratio (B/C) that only reflects relative returns. Absolute magnitudes, while an
essential consideration, are not the whole story because projects with the same dollar benefit may
have much different relative returns. For example, $10M net benefit might accrue from a project
with benefit-cost ratio of $20M/$10M = 2 or a project with a B/C ratio of $200M/$190M = 1.05.
As aresult, one cannot usually select projects on the basis of a single criterion, and both absolute
and relative measures deserve consideration.

10.2 Cost Effectiveness Analysis: A brief Description

Cost effective analysis [CEA] is sometimes used as an alternative to BCA. CEA seeks to
maximize the extent of achievement of a given beneficial goal within a predetermined budget or,
equivalently, to minimize the expenditure required to achieve a pre-specified goal. Often, the
goal will have been set under a separate process in which benefits and costs may have not been
considered. In marked contrast to BCA, no attempt is made to place a monetary value on the
beneficial goal. CEA is potentially useful when analysts seek efficient policies but face
constraints in undertaking a BCA. Three common constraints are: (i) the inability or
unwillingness to monetize some impacts of the project®; (ii) when the effectiveness measure
will not capture al of the social benefits of each aternative, and some of these other social
benefits are difficult to monetize. When BCA is used all impacts must be monetized. If the CEA
measures capture “most” of the benefits, it may be reasonable for analysts to use CEA to avoid
the effort of undertaking a BCA; (iii) when the project is linked to intermediate goods where the
linkages to preferences are not clear. The latter constraint would seem appropriate for some
automatic vehicle location projects in which their contribution to the overall public transportation
network is not clear but CEA may give useful information concerning the relative efficiency of
alternatives.

CEA measures involve computing for each aternative the ratio of input to output. Thus, they are
a measure of technical efficiency and might be interpreted in some cases as measures of
productivity. As described in Appendix B below®, differences in policy aternatives in the scale
of projects, as well as the fact that CEA often omits important social costs and benefits, make
them poor measures of allocative efficiency.

®1 CEA is used quite commonly when values must be placed on life in the evaluation of a project.
%2 Appendix B contains a more detailed discussion of cost efficiency analysis.
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11. Framework for Benefit-Cost Analysis

The categories of benefits and costs and what data are required in order to evaluate the returns
from the different strategies are identified in this section. The analysis herein draws data largely
on the final economic analysis report prepared by the National Highway Transportation Safety
Administration (NHTSA) for their tire pressure monitoring system (TMPS) (NHTSA [20024]).

The benefit-cost analysis performed in the NHTSA [2002a] report, however, appears to have not
carried out afull socia benefit cost analysis. For example, although the benefits associated with
improved safety are computed, they are not included in the present value calculations of the net
benefits. The NHTSA [2002a] report presents private and social net benefits (or costs)

separately.

The principal reason for undertaking the present study isto identify strategies that will extend the
lifespan of tires and thus, lead to fewer tires being discarded. However, implementing some of
the proposed strategies results in additional benefits that cannot be ignored. For example, some
of the strategies result in reduced fuel consumption. Indeed, the “side benefits’ may have larger
monetary vaues than the monetary value of reducing the number of waste tiers. Therefore, the
analysis presented in this report attempts to address all major economical contributors.

11.1 Developing the Base Case

As was noted above, a base case must be selected in order to gage the influence of the different
strategies studied on the number of waste tires generated. The base case provides a point of
reference and information on the rate of tires discarded if nothing else were done than currently.
However, the base case must reflect current legislation, particularly as it relates to tire pressure
monitoring systems, and the resulting changes that these rules bring. The base case would also
take as given: current accident rates, fuel use and purchase/registration trends in the automotive
and truck sectors. Additional aspects to be considered include the proportion of tires that are
currently used for retreading for both light and heavy tire categories as well as the distribution
between passenger car, light truck and commercial truck tires in the total number of tires
discarded.

The current NHTSA regulation on TPMS provides for two levels of compliance (see Section 8).
For the purpose of this benefit-cost analysis the 30% compliance level is accepted as the base
case (i.e, indirect TPMS is assumed as the default case), and it is noted that according to
NHTSA’s own analysis, if al vehicles met this level of compliance, then the average tire life
mileage would increase by 15 miles. Since the current average tire life is 41,000 miles, adopting
this level of compliance would have no impact on the number of waste tires.

11.1.1 Forecast of Tires Discarded

This study employs two alternative tire disposal rate forecasts. The first is that provided by the
California Integrated Waste Management Board (CIWMB) and the second was developed based
on information provided by the Rubber Manufacturers Association (RMA) and integrated with
information obtained from firms in the recycling industry, the change in the rate of growth of
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gport utility vehicles (SUVs) in the vehicle stock and information from reports provided by the
Environmental Protection Agency (EPA). This second database is referred to hereafter as the
RMA database. The two forecasts are illustrated in Figure 11.1. It is clear the two forecasts differ
in both level as well as rate of change over time. The CIWMB'’s forecast is more optimistic and
has discard rates growing at a slow rate over time. From 1989 through 2001 the CIWMB data
show tire discard growth at 1.9% while the growth rate based on RMA and other data shows a
growth rate of 2.9%, a significant difference. From 2001 to 2013 the forecast growth rate in
discarded tiresis approximately 2.3% for both databases.
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Figure 11.1: Comparison of CIWMB and RMA forecasts.

For purposes of the current analysis the two data sets represent a lower and upper bound on the
discard rate of tires. It is important to understand that changes in the discard rate will not
necessarily affect the number of tires going to landfill on a one to one basis. Tires are discarded
when they become unsafe or are deemed not useable by vehicle owners. Since light- and heavy-
duty tires weigh different amounts, they are indexed in terms of passenger tire equivalents
(PTEs). Discarded tires can be exported if they still have some useable life; they can be ground
up and recycled in different ways; they can be treated and re-treaded. Under the current CIWMB
forecast, 30 percent of tires were diverted from landfill in 1990 and this has grown to 74.8
percent in 2001.

Tables 11.1 and 11.2 provide the base data for undertaking the calculations of the effect of each
strategy on the number of tires discarded. These tables form the basis of measuring the social
benefits, reduced emission, reduced accidents, and reduced numbers of tires going to landfill,
with tire inflation strategies. NHTSA, in its benefit cost analysis, argued that to these must be
added private benefits such as increases in fuel economy and reduced tread wear that lowers tire
life. However, as we will argue subsequently, some of these costs are in effect transfers.
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Table 11.1; CIWMB Base Case Data with Forecast to 2012

Total
California Estimated tires Tires PTEs Recyclying
population generated RMA Imported (RMA and other Diverted Total

Year (Millions) Data (millions)  (millions) Data) uses Retreaded Exported to fuel diverted Landfill

1990 29.5 27.000 0.00 27.000 0.60 2.3 1.3 4.00 8.20 18.80
1991 30.1 27.500 0.40 27.900 0.80 2.2 1.3 5.80 10.10 17.80
1992 30.7 28.200 0.60 28.800 1.10 2.1 1.3 6.80 11.30 17.50
1993 31.1 28.500 0.30 28.800 1.50 2.1 1.3 7.70 12.60 16.20
1994 31.7 29.000 0.20 29.200 1.70 2.4 1.3 11.70 17.10 12.10
1995 32.3 29.500 0.60 30.100 1.80 2.4 1.7 10.80 16.70 13.40
1996 32.6 30.000 1.50 31.500 2.30 2.4 1.7 8.90 15.30 16.20
1997 33.2 30.400 3.20 33.600 5.40 2.8 1.7 9.00 18.90 14.70
1998 33.8 30.900 2.20 33.100 9.10 2.8 3.1 7.50 22.50 10.60
1999 34.0 31.100 2.00 33.100 10.10 2.5 1.5 7.90 22.00 11.10
2000 34.5 31.600 3.20 34.800 11.00 2.4 1.9 5.20 20.50 14.30
2001 34.8 33.300 1.70 35.000 14.90 2.4 2.6 5.30 25.20 9.80
2002 35.8 34.835 2.00 36.835 15.65 2.5 25 5.50 26.15 10.69
2003 36.4 35.668 2.00 37.668 16.43 2.5 25 5.50 26.93 10.74
2004 36.9 36.425 2.00 38.425 17.25 2.5 25 5.50 27.75 10.68
2005 37.4 37.203 2.00 39.203 18.11 2.5 2.5 5.50 28.61 10.59
2006 37.8 37.904 2.00 39.904 19.02 2.5 25 5.50 29.52 10.39
2007 38.4 38.830 2.00 40.830 19.97 2.5 2.5 5.50 30.47 10.36
2008 38.9 39.681 2.00 41.681 20.97 2.5 25 5.50 31.47 10.22
2009 39.4 40.559 2.00 42.559 22.01 2.5 25 5.50 3251 10.05
2010 40.0 41.570 2.00 43.570 23.11 2.5 25 5.50 33.61 9.96
2011 40.4 42.403 2.00 44.403 24.27 2.5 25 5.50 34.77 9.63
2012 40.9 43.372 2.00 45.372 25.48 2.5 2.5 5.50 35.98 9.39
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Table 11.2: RMA Base Case Datawith Forecast to 2012

Total
California Estimated tires Tires PTEs Recyclying
population generated RMA Imported (RMA and other Diverted Total
Year (Millions) Data (millions)  (millions) Data) uses Retreaded Exported to fuel diverted Landfill
1990 29.5 39.17 0.00 39.17 0.60 2.30 1.30 4.00 8.20 30.97
1991 30.1 41.00 0.40 41.40 0.80 2.20 1.30 5.80 10.10 31.30
1992 30.7 42.74 0.60 43.34 1.10 2.10 1.30 6.80 11.30 32.04
1993 31.1 44.10 0.30 44.40 1.50 2.10 1.30 7.70 12.60 31.80
1994 31.7 45.47 0.20 45.67 1.70 2.40 1.30 11.70 17.10 28.57
1995 32.3 46.87 0.60 47.47 1.80 2.40 1.70 10.80 16.70 30.77
1996 32.6 49.64 1.50 51.14 2.30 2.40 1.70 8.90 15.30 35.84
1997 33.2 52.94 3.20 56.14 5.40 2.80 1.70 9.00 18.90 37.24
1998 33.8 56.16 2.20 58.36 9.10 2.80 3.10 7.50 22.50 35.86
1999 34.0 57.16 2.00 59.16 10.10 2.50 1.50 7.90 22.00 37.16
2000 345 58.05 3.20 61.25 11.00 2.40 1.90 5.20 20.50 40.75
2001 34.8 53.58 1.70 55.28 14.90 2.40 2.60 5.30 25.20 30.08
2002 35.8 55.35 2.00 57.35 15.65 2.50 2.50 5.50 26.15 31.21
2003 36.4 56.68 2.00 58.68 16.43 2.50 2.50 5.50 26.93 31.75
2004 36.9 57.88 2.00 59.88 17.25 2.50 2.50 5.50 27.75 32.13
2005 37.4 59.11 2.00 61.11 18.11 2.50 2.50 5.50 28.61 32.50
2006 37.8 60.23 2.00 62.23 19.02 2.50 2.50 5.50 29.52 32.71
2007 38.4 61.70 2.00 63.70 19.97 2.50 2.50 5.50 30.47 33.23
2008 38.9 63.05 2.00 65.05 20.97 2.50 2.50 5.50 31.47 33.59
2009 39.4 64.45 2.00 66.45 22.01 2.50 2.50 5.50 32.51 33.93
2010 40.0 66.05 2.00 68.05 23.11 2.50 2.50 5.50 33.61 34.44
2011 40.4 67.38 2.00 69.38 24.27 2.50 2.50 5.50 34.77 34.61
2012 40.9 68.92 2.00 70.92 25.48 2.50 2.50 5.50 35.98 34.93
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12. Benefit and Cost Measures

The influence of the strategies studied on each category of benefit and cost must be measured.
For example, adirect TPMS can provide information on different degrees of tire under-inflation.
The likelihood of blowouts or skidding etc. is related to under-inflation.®® Different taxes or
subsidy schemes can induce people to purchase longer life mileage tires or to maintain their tires
for longer life. Education programs may induce people to monitor their tires pressure on a more
frequent basis. A tax placed on tires of low warranted mileage, will induce some consumers to
shift to longer life tires. Higher costs will reduce the demand for vehicle miles traveled (VMT),
thus tires will last longer and will be replaced less often over time (assuming a given level of
care). On the other hand, longer life tires may reduce the tire contribution to the cost of operating
vehicles per mile and thus, lead to an increase in the demand for VMT. These are complex
relationships and it may be the case that requisite data or elasticity measures are not available to
complete the calculations.

12.1 Cost Categories

It is generally easier to measure costs associated with the different strategies. In developing the
cost measures a key issue is to decide on the useful life of the investment. This will influence the
length of time that costs and benefits are considered and over which they will be discounted. The
cost of each strategy consists of initial costs (e.g., hardware or development in the case of
education programs), and ongoing costs (e.g., maintenance). In the case of some technologies
the costs may vary depending on the level of technology. For example, an indirect TPMS is less
costly than an auto-inflate system. Costs will also vary according to what equipment the car
comes with. For example, installing an indirect TPM S requires that the vehicle be equipped with
an antilock brake system (ABS).

12.2 Benefit Categories

12.2.1 Social Benefits

Social benefits arise indirectly as a result of the different strategies. They include reduced
emissions with less fuel used, an improvement in safety and a reduction in incident congestion.
Improvements in safety come from more vehicle control (less skidding and loss of contral), and a
reduction in flat tires and blowouts. Socia benefits are measured in terms of the reduction in
[social] costs resulting from accidents and pollution from emissions. Accident costs would
include lost productivity, and direct hospitalization and health care costs associated with a
change in the accident and injury rate.®* Reductions in emissions can affect the socia costs

% NHTSA [2002a] provides a good illustration of this issue as well as useful data tables that are
used in our analysis.

% NHTSA [2002a] report is an important source of information providing some of the models
for measuring the impact of changes in inflation levels on improved stopping distance and hence
on the probability of injury, or severity of injury. In each case the measure of aggregate benefit
for this category will be a function of how many people or what amount of VMT is affected by
the particular strategy.
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associated with pollution emitted by vehicles including health care, lost productivity, and
environmental degradation.®

Each strategy will have a different effect on the ‘expected’ wear rate of tires. The increase in
mileage will be trandlated into the reduction in disposal rate and the number of tires reaching
landfills. This reduction can be trandated into the reduction in environmental degradation. Some
issues that do arise with these calculations are first, as tires are used at a mileage closer to their
useful life, there will be fewer tires that may be exported but there will be more that enter the re-
tread stream. This may be a one-to-one shift.®

12.2.2 Private Benefits

The benefit to individuals is the dollar value of not having to spend as much money on tires over
the lifetime of the vehicle. This can be measured as the opportunity cost of funds. A second
private benefit is the reduction in fuel use. Thisisadirect gain measured as the expected increase
in fuel economy times the number of people or amount of VMT per person per year.

® These costs have been calculated for Californiain a study by D. Gillen, D. Levinson and A.
Kanafani, The Full Social Costs of Air, Rail and Highway in California, (UCB-ITS-RR-96-3)
University of Californiaat Berkeley, Institute of Transportation Studies, Berkeley CA.

% An issue not investigated in this study but which might be researched is the effect of increasing
the number of retreaded tires entering the domestic market. These tires would sell at a lower
price and affect the disposal rate. This would be akin to the rebound effect in energy use with
higher gasoline prices.
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13. Factors Affecting Tire Disposal

This section examines what factors influence the amount of tire disposal. These factors included
different types of vehicle registrations, the average mileage obtained on tires, and trend effects
such as population and economic growth. The results of the statistical analysis are contained in
Table 13.1. The general form of the statistical relationship would be:

D =1(t, g, ZR)

where D is the number of tires discarded, t is a time or trend index, g is some measure of tire
quality such as long wear and R; is the number of vehicles registered in category i. A number of
different functional forms were investigated and the version reported in Table 13.1 was selected
based on statistical fit and level of explanation (R?).

Table 13.1: Regression of Tire Disposal on Mileage and Registrations’’

Dependent Variable: LOGTIRES

Variable Coefficient Std. Error t-Statistic
Constant 4.2144 3.0685 1.37
LOGMILEAGE -0.3637 0.2215 -1.64
LOGTIME 0.3789 0.0965 3.93
LOGAUTO 2.2710 0.8361 2.72
LOGTRUCK -1.1565 0.7146 -1.62
LOGTRAILER -1.1255 0.7369 -1.53
LOGMIS -0.1432 0.2159 -0.66
AR(1) 0.3565 0.1562 2.28
R-squared 0.99
Adjusted R-squared 0.98
Log likelihood 45.39
Durbin-Watson stat 2.18
F-statistic 79.69

The regression equation is expressed in log-log form so the coefficients can be interpreted as
elasticities.®® The equation is explaining how the number of tires disposed of is influenced by the
supply of used tires and the improved quality of tires. First, as the average mileage of tires
increases, a measure of the change in average quality or improved maintenance, it reduces the
number of tires disposed. This is as expected since the VMT per unit of tire use increases, but
what is somewhat surprising is the magnitude of the elasticity, -0.36. This indicates that a 10
percent increase in the tire mileage will result in a decrease in tires disposed by 3.6 percent. This
clearly suggests that any strategy that improves average mileage will have a significant effect on
the disposal rate.

" The AR(1) variable is a correction for serial correlation.
% Elasticity is a measure of responsiveness of one variable in relation to another.
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Different types of vehicles contribute to the supply of waste tires. The largest generators of scrap
tires are light-duty vehicles. Table 13.1 gives the elasticity for light-duty vehicles (LOGAUTO),
generated from a log-log relationship, as 2.27 (i.e., a 10 percent increase in light-duty vehicle
registration results in a 22 percent increase in scrap tires).® This is a dramatic effect and
emphasizes the importance of improving tire wear. The elasticities of tire disposal by truck and
trailer registrations (LOGTRUCK) appear to provide counter-intuitive negative signs. This may
be attributed to the high percentage of retread tires (over 50%, see Section 4.1), and to better
maintenance including the recent introduction of auto-inflate systems in truck trailers (see
Section 9.1). Interestingly, the elasticities for truck and trailers are half the elasticity value for
light-duty vehicles. The interpretation is important. On the face of it, it implies that truck
registrations reduce the number of tires disposed of. However, it is not the truck registrations per
se but the fact that trucks and trailers are commonly fitted with retreaded tires and have better
mai ntenance which significantly improve the life of tires.

The regression also provides a basis for focusing our strategy choice. The regression indicated
that over time, holding other things constant, tire disposal would rise, as one would expect.
However, increasing light-duty vehicles registrations has a dramatic effect of increasing the
number of tires disposed of; the elasticity was measured as 2.27. This suggests that a strategy
that increases tire life for light-duty vehicles will have a considerable effect on reducing tire
disposal rates. Second, the use of better maintenance and retreads can reduce the rate of tire
disposal, as illustrated by the truck and trailer registration elasticities. Therefore, using
technology to increase tire life can have a high private and social return and using strategies to
increase average tire life for light-duty vehicles can have a substantial effect on the numbers of
disposed tires.

% The size of the elasticity should not be surprising since each light-duty vehicle uses 4 tires for
each set change.
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14. Strategies to Extend the Average Life Mileage of Tires

The previous sections provided the necessary background needed to identify strategies to extend
the average life miles of tires. This sections presents four different strategies to achieve this goal.
The focus of this section is to set up the basic concept underlying each strategy. Effectivenessin
reducing the number of waste tires generated, the economic effect, and implementation aspect
are deferred to subsequent sections.

The first strategy, presented in Section 14.1, employs auto-inflate systems to automate tire
pressure maintenance. Educating the public to better maintain their tires is considered as a
second strategy in Section 14.2. The third strategy, discussed in Section 14.3, is centered about a
corporate average tire life standard. Finally, the fourth strategy, outlined in Section 14.4, is based
on replacing the flat tire disposal tax with atax and rebate policy that promotes tires that increase
the average life mileage of tires.

The four approaches are presented as stand alone strategies. Better results could be achieved if
they were integrated. For example, adopting auto-inflate systems would resolve the acute
problem of under-inflated tires noted in section 3.2.1.1. However, these systems will most likely
be installed only as OE. Therefore, educating owners of existing vehicles to better maintain their
tires remains an important strategy that complements adopting auto-inflate systems.

14.1 Strategy 1: Automatic Tire Pressure Maintenance

The review in Section 3 identified poor maintenance of air pressure in tires as the leading
contributor to reducing the lifespan of tires. Auto-inflate systems, discussed in Section 9, offer a
technological solution to this problem by automatically maintaining tire pressure. Therefore, one
of the main advantages of using auto-inflate systems is the high reliability of the outcome
because it does not depend on human intervention (see Section 20). Thus, the first strategy
considered is to equip, after a phase-in period, al new vehicles with auto-inflate systems as
original equipment.

This strategy would increase, with very high reliability, the average lifespan of tires because tire
pressure is automatically controlled. Existing automobiles can also be retrofitted to take
advantage of these systems. But, this possibility is ignored under the evaluation of this strategy.
Therefore, atransition period will be required before the full potential of this strategy is realized.

Auto-inflate systems are equally applicable to both heavy- and light-duty vehicles. In fact, at
present these systems are installed in about four percent of truck trailers nationwide.” Track
record with truck trailer shows that auto-inflate systems can significantly extend the average life
miles of tires (see Section 9.1). The proposed strategy is primarily focused on light-duty vehicles
because this segment holds the promise of better payoff. However, the heavy-duty segment
should not be overlooked. Nevertheless, the projection of expected benefits in subsequent
sections pertain to the light-duty segment only.

" Varun Rao, sales technical representative with ArvinMeritor distributor of the PSI ATIS
system; telephone interview on April 7" 2003; telephone number 248-435-9371.
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NHTSA’s TPMS rule alows for two levels of compliance (see Section 8). The lower level of
compliance, 30% below placard level, is adopted as the base case against which to compare (see
Section 11.1). Theredlity is, however, that some vehicles would be equipped with direct TPM Ss
(i.e., meeting the stricter 25% compliance option). Therefore, in order to provide a complete
picture, the 25% compliance option is aso analyzed in subsequent sections (i.e., the case where
al light-duty vehicles would be equipped with direct TPMSs). Pursuing direct TPMSs is not
considered, however, as an integral part of this strategy.

For both auto-inflate and direct tire pressure monitoring systems the initial capital costs and the
annual maintenance costs over the assumed lifetime of the hardware have to be considered. It
may also be necessary to make some assumptions about how these costs might change over time
including any one time administrative costs. The initial costs used are as follows: $21.13 for
indirect TPMS, $65.84 for direct TPMS and $175 for auto-inflate.”” The indirect TPMS was
assumed to have no maintenance costs, and the direct TPMS and auto-inflate system
mai ntenance cost was assumed to be $100 in year 10 (primarily for replacing the battery required
to operate the sensors).”

14.2 Strategy 2: Educating Consumers to Properly Maintain Tires

Like the first strategy presented above, this strategy also seeks to extend the lifespan of tires by
improving their maintenance. Unlike the first strategy considered that resorted to technology,
here the vehicle owner has to take an active roll to achieve the desired result. Therein lies the
weakness of this approach. Specifically, as exposed by the survey of air pressure maintenance
conducted by NHTSA in 2001, the public does not pay much attention to maintenance despite
educational efforts and the high media exposure that this issue received in the aftermath of the
Firestone recall of 14.4 million tires on August 9, 2000 (see Section 3.2.1.1 and footnote 19).

Despite its drawbacks this strategy offers a number of important advantages. First, it is
applicable to the current fleet and therefore, benefits could be immediate. Second, education can
cover also vehicle alignment and tire rotation, issues that are left uncovered by adopting auto-
inflate systems. Third, it requires a relatively modest investment when compared to the
technology option. Therefore, this strategy should not be viewed as competing with the first
strategy but rather as complementing it.

Currently, a number of organization are actively engaged in educating the public to better
maintain their tires including the NHTSA, the RMA, individual tire companies, and automakers
(some quotes from various sources are provided in Section 3). Unfortunately, there is very little
if any empirical evidence one way or another as to how effective recent education programs are
with respect to tire care or tire recycling. A method of assessing this strategy is to make some
assumptions regarding the response rate to education programs, and the influence on increased
tire life mileage, based on indirect evidence from other education programs. One can then make

™ The estimated cost of direct and indirect TPMSs is taken from the NHTSA final economic
analysis for the TPMSs. The $175 figure for the auto-inflate was estimated as OE cost by
Cycloid, which isthe only current manufacturer of such systems.

2 The $100 estimated was provided by Cycloid, and is significantly higher than the NHTSA
estimate, which is about $40.
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some comparisons with the efficacy of education programs and costs relative to the one strategy,
the auto-inflate systems, that has hard numbers and levels of outcome as per increased tire

mileage.

Education programs have been used in other circumstances to affect consumer behavior.
Programs such as anti-drunk driving, seat belt use, and driving habits on slippery roads are a few
that come to mind. In addition, antismoking education programs have been evaluated
extensively. A survey of education campaigns is offered in Appendix C. The analysis of the
present strategy can therefore benefit from the evaluation techniques employed in these other
fields including the calculations of the costs of developing and implementing the education
program.

14.3 Strategy 3: Adopting a Corporate Average Tire Life Standard

The first two strategies discussed above focused on maximizing the lifespan of tires through
improved maintenance. The third strategy shifts to mandating that tires be designed for longer
average lifespan. Thus, the emphasis moves from what happens during the service life of tires
(first two approaches) to what could be done at the introduction of the tire into service (third

strategy).

At present, thousands of different light-duty tire models are available nationwide (see eg.,
http://www.nhtsa.dot.gov/cars/testing/utqg/index.htm), composed of many subcategories (i.e.,
different sizes, and designs depending on whether they are intended as OE or aftermarket tires).
Therefore it is impractical to address each and every tire model. Rather, the third strategy
requires that tire producers meet a prescribed average tire life mileage across all light-duty tires
sold in California.

This strategy would mimic the federa Corporate Average Fuel Economy (CAFE) standard,
which led automakers to improve the fuel efficiency of new vehicles (see footnote 20). The
introduction of the CAFE standard was effective in improving fuel economy for new vehicles. In
fact despite warning from automakers at the time when the CAFE standard was introduced, new
vehicles are safer, deliver more horsepower and torque than their pre CAFE counterparts, and
even exceed the demands of the standard.

By law it is required that al light-duty tires have embossed on them the UTQG ratings, which
includes a tread wear rating (see Section 3.1). Because of its universality, the tread wear rating
component of the UTQG can provide the measure for prescribing the desired life. For example, it
could be set to 550 (i.e., it would be possible to set a specific level just like the CAFE standard
sets a specific level — see footnote 20).

This CAFE-like strategy would allow tire makers the freedom of continuing sales of high-
performance tires, where they get their highest profit margins, while improving the overall
average tire life mileage for the entire tire population. Moreover, how the life is extended is left
open. For example, it could be achieved by increasing the percentage of long life tires (e.g., those
tires that come with a UTQG tread wear rating of 600 or more). An alternative would be to give
credits for tires mounted on vehicles equipped with auto-inflate systems, which would
effectively extend the average life mileage of tires. For example, atire with a UTQG tread wear
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rating of 500 mounted on a vehicle equipped with an auto-inflate system might be considered
equivalent to atire with a 600 tread wear rating mounted on a car without an auto-inflate system.

This strategy presents a much more difficult circumstance in which to measure cost data. The
costs include both legidlative and enforcement components. Computing the cost of enforcement
may be the easier of the two because it would be based on an estimate of how many added
resources would be need to undertake some specified enforcement level, over what time and
what geographic space, and of course by whom. Measuring legidative costs is more difficult as
developing the ‘Bill” that is passed can be likened to research and development expenses.
Additionally, the costs of lost consumer surplus must also be counted in any detailed economic
evaluation of introducing CAFE like requirements for tire mix. Consequently, the legidlative
strategy is treated as a state variable in much the same way as the minimum current TPMS
requirement is taken as a benchmark, and no attempt is made to quantify the costs or benefits
associated with this strategy.

14.4 Strategy 4: Ad-Valorem Tire Disposal Tax/Rebate

The fourth strategy considered is to employ a combination of taxes and rebates to replace the
uniform $1 tire disposal tax with an ad-valorem tax/rebate.” This strategy is patterned after the
rebate program for energy efficient appliances. The approach proposed here is to use the ratio of
the weight of the tire to its UTQG tread wear rating to determine the ad-valorem tax, so that
pounds per mile would be the actual measure on which the ad-valoremtax is based.

Taxes, rebates and subsidies are all designed to affect consumer behavior. Placing a tax on low
mileage tires would lead some consumers to shift to longer life mileage tires. Similarly,
providing a rebate on longer life mileage tires would induce people to switch from low to high
life mileage tires since the ‘effective’ price has been reduced. This does not necessarily imply
that they would monitor their tire inflation any more or better than they would with low life
mileage tires.”* Nonetheless, when the average tire life mileage increases, the discard rate is
reduced. The method of introducing the change is to use the current proportion of actual tire life
(assuming a given or current attention to proper inflation) to warranted tire life for shifts from
low quality to average or high quality tires.

When introducing either an incentive program such as atire rebate or subsidy it is necessary to
calculate the opportunity cost of the funds used for the rebate or subsidy based on where they
come from. If they are funded by taxes, they are measured as opportunity cost of public funds.
There may aso have to be some added costs for administration of the program. It will be
necessary to explore what costs have been used in the past with similar types of programs.

3 Throughout the discussion the tax and rebates portion of the strategy are treated in a symmetric
way and, therefore, the tax/rebate is abbreviated to tax.

™ One could make some assumptions in this area but there is no factual basis for choosing one
direction over another.
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15. Calculations

Measuring benefits and costs requires that the number of vehicles and hence tires affected are
quantified. Thisinformation is available through the NHTSA [2002a] report.

15.1 Vehicles and Tires Affected

The NHTSA [2002a] report examines 4 alternatives in assessing TPMSs. The alternative, which
IS most reasonable as a basis for assessing the hardware strategy is the direct measurement
system, as, discussed above. The study provides information that forms the basis for quantifying
benefits.

Table 15.1: Distribution of the Number of Tires on Vehicles that
have One or More Tires 20% < Placard (Source:
NHTSA [2002a] study Table I11-2 (Page 111-7))

No. of Tires 20% or Passenger Light Trucks
more < Placard Cars (percent) (percent)
1 46.5 36.7
2 25.7 28.1
3 12.9 14.3
4 14.9 20.9
Total 100.0 100.0

The values contained in Table 15.1 are based on a nationwide survey conducted by NHTSA (see
Section 3.2 for further discussion of this survey including a different representation shown in
Table 3.2). For the purposes of the current study, these results are accepted as representative of
California. Averaging over all vehicles, 27 percent of passenger cars and 21 percent of light
trucks would receive a warning from the TPMS (NHTSA [2002a], Table 111-4). They provide the
basis for the number of tires affected with the new technologies.

15.2 Tread Wear

The NHTSA [20024] study, citing Goodyear, took the average life of tires as 45,000 miles.” The
report, also citing Goodyear, states that for every psi decrease tread wear life is reduced by 1.78
percent. A tire, which remained under-inflated over its lifetime by one psi, would have about 800
miles less wear (1.78 % of 45,000). Surveys undertaken by the NHTSA indicate on average each
of avehicle stiresis under-inflated by 6.1 psi.”® Thus, the increase in tire life would be measured
as the improvement in psi times 800 times the proportion of people who respond to the
information or the incentive offered by a strategy.

> Note that this value is different from the 41,000 miles average that is used in this review,
which is taken from a Michelin study. Also, note that the 45,000 (41,000) are the actual average
tire life mileage, to be distinguished from the limited warranty provided with many tires, which
may be as high as 100,000 miles.

’® Note that thisis based on a study that compared “hot” pressure with placard pressure.
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15.3 Safety benefits

Under-inflation affects skidding and control when braking or maneuvering, hydroplaning,
increased stopping distance, and tire blowouts and flat tires, which results in more accidents and
fatalities. The NHTSA [2002a] report provides information on each of these influences and
trandates them into the change in the number of accidents. To make these calculations there
must be a benchmark or steady-state tire pressure from which impacts are measured and there
must be some assumptions made regarding driver response to tire pressure warning information.
First, based on Bureau of Transportation surveys as well as NHTSA agency information, the
NHTSA [2002a] study assumes 33 percent of drivers would inflate their tires to placard values
when they are 10 percent below recommended and 66% would do so when tire pressure fell
below 20 percent of placarded value.”” For example, if the placarded value were 30 psi, 33% of
drivers would refill when pressure fell below 27 psi and 66% would fill when pressure fell below
24 psi.

A key question is how many VMT would be driven on the under-inflated tires. Tires lose air at an
average of 1 psi per month. If we assume people drive X miles per year, we can assume on
average they drive X/12 miles per month. We need to combine the information on miles driven
and the amount of under-inflation of the tires. If the average placard value were 30 psi, a loss of
1 psi per month would mean for drivers who check their tires regularly (33%), at 27 psi they
would fill up. They would therefore have an average (or steady-state) tire pressure of 28.5 psi.
The remaining 66% would have to fill up their tires at a level of 24 psi. Their average steady-
state would be 27 psi and the under-inflation would follow the values indicated in Table 15.2.

Table 15.2: Basisfor Calculating Miles on Under-Inflated Tires (direct TPMYS)

Month PSI

30
29
28
27
26
25
24
23
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Additional potential benefits come from reducing accidents, injuries and fatalities. There are a
number of causes detailed in the NHTSA study and these form the basis of the benchmark
measures used herein (see NHTSA [2002a], Chapter V). First, for instances of skidding and loss
of control crashes the benchmark numbers are 247 fatalities, 23,100 injuries and 53,130
property-damage only accidents. The NHTSA [2002a] study assumed a [conservative] 20

" The NHTSA [2002a] report was based on the premise that direct TPMSs would be required to
issue awarning when the air pressure in any tire dropped 20% below placard level. However, the
final ruling requires that this warning be issued at 25% below placard level.
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percent effectiveness to go with the steady-state condition. Values reported in Table 15.3 are
used as the basis of subsequent calculations.

Table 15.3: Change in Accidents due to Skidding & Control Problems.

Property Damage Non-Fatal Injuries Fatalities

Base 53130 23100 247
Change due
to TPMS 10,095 4,389 47

A second key benefit will arise from reduced stopping distance due to properly inflated tires. The
gains depend on a number of factors including: the change in the probability of aless severe (or
no) accident; the distribution of accidents occurring over different speed ranges (distinguished by
wet and dry conditions, the number of vehicle occupants, and type of vehicle). In addition the
benefits will depend upon how low the tire pressure is, whether the TPM S system would provide
a warning and, whether the driver would respond to the warning. The difficulty as NHTSA
points out is they do not have data on stopping distances in crashes. It therefore assumes crashes
are equally spread over the range of stopping distances. The average stopping distance for
passenger cars with correctly inflated tires is 85.2 feet and for light trucks is 90.7 feet (NHTSA
[2002a], Chapter V (page 23-24)). Thus, the change in the stopping distance between properly
inflated and improperly inflated tires provides an estimate of the number of preventable
accidents, fatalities and property damage accidents. NHTSA estimates these proportions as 1.38
percent for all crashes for passenger cars and 1.36 percent for light trucks; that is, these
proportions of accidents for the respective vehicle classes could have been prevented. Benefits
are then measured as:

B; :Z[p° A-a '/Bu]

where p = proportion of preventable crashes

A isthe accidents of typei

a isthe proportion of vehicles with under-inflated tires and,

(3 isthe proportion of drivers responding to the TPM S warning

where i goes from property damage, to injury accident to fatal accident.
The information contained in the NHTSA report provided a basis of measuring benefits from
reduced accidents due to proper tire inflation. NHTSA’s calculations were based on nationwide

data. The estimates used herein for California are obtained by simply taking, for the reduction in
each type of accident, the proportion of the California population out of the total US population.
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As an example, with TPMS there would be 2,101 fewer Property damage accidents, 2,569 fewer
injury accidents and 22 fewer fatalities.”

While 1.38 and 1.36 percent of passenger and light truck accidents (respectively) could be
prevented with proper tire inflation, the remaining accidents could not be prevented but would
take place at a lower speed due to better braking. The NHTSA [2002a] report estimates changes
in stopping distance and uses these to recalculate impact speeds and the injury profile for the
crash population. Safety benefits are calculated as the difference between current and adjusted
injury profiles.

The key measurement is the difference in stopping distances when the tires are properly inflated
relative to when they are under-inflated; inflation affects the tire friction coefficient (see NHTSA
[20024], Chapter V). Issues to consider are the base case of vehicles with under-inflated tires,
75%, and the fact that some strategies would not affect this value until a certain low pressure was
established; with direct TPMS this would occur at 25% lower than placarded value. Additional
issues include the distribution of vehicles with and without anti-lock brakes, the distribution
between passenger cars and light trucks and the distribution of driving between wet and dry
pavements as well as speed categories (see e.g., NHTSA [2002a], Tables V-14 and V-15). Once
these factors are incorporated and adjustments are made for response rate, current compliance
and changes in braking speed, Table 15.4 lists the benefits in terms of the reduction in the
number of property, injury and fatal accidents that would occur with better tire inflation achieved
by TPMS with pressure display on the dashboard.

Table 15.4: Reduction in Property Damage, Injury Accidents and Fatalities due to
Improved Braking, All Passenger Vehicles Assuming a 95% response rate
under direct TPM S with Dashboard Tire Pressure Readout.

Property Damage Injury Accident Fatality
Skidding 9994 4345 46
Braking 0 5299 60
Blowout/Flats 0 967 39
Total 9994 10611 145

Source: NHTSA [2002a] Table V-28

Total quantifiable benefits would be the sum of those from reductions in property damage
accidents, injuries and fatalities resulting from skidding/loss of control, flat tires, blowouts and
less efficient braking (see Table 15.5). These values are quantities that have not yet been
monetized.

"8 This analysis is based on a warning at 20% below placard, which was the original NHTSA
proposal. However, the final rule calls for a warning at 25% below pressure and the number of
preventable collisionsis lower.
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Table 15.5: Quantifiable Safety Benefits Impacts (Source: NHTSA [20024], Table V-29).

Property Damage Injury Accident  Fatality

Wet

0-35 mph 841 868 6
35-50 mph 891 1024 8

51+ mph 335 364 4
Dry

0-35 mph 1129 1177 12
35-50 mph 1239 1346 16

51+ mph 430 529 13
Total 4865 5308 59

15.4 Fuel Economy Benefits

Vehicle fuel economy improves with correct tire pressure. The improvement in fuel economy has
both private and socia benefits. Privately it reduces the expenditure on fuel for a given driving
distance. Socidly it reduces the amount of pollutants emitted since less fuel is burned. A 1978
report claimed fuel efficiency was reduced by 1% for each 3.3 psi tires were under-inflated. This
however was using older vehicle technology and bias ply tires. More recent information based on
newer vehicle technology and predominately radial tires indicates fuel efficiency is reduced by
1% for each 2.96 psi below placard.

In order to measure the fuel and emission reduction benefits of using less fuel a number of
measures are needed. These include: the proportion of vehicles with under-inflation; the
proportion of vehicles that receive a warning (< 25% below placard); the real resource cost of
gasoline; the discount rate for drivers; and the [average] distance driven by vehicles of different
ages (and hence different levels of fuel economy).

Table 15.6: VMT for Carsand Light Trucks by Age of Vehicle

Cars Light Trucks
Vehicle Age VMT Vehicle Age VMT
1 13,533 1 12,885
2 12,989 2 12,469
3 12,466 3 12,067
4 11,964 4 11,678
5 11,482 5 11,302
6 11,020 6 10,938
7 10,577 7 10,585
8 10,151 8 10,244
9 9,742 9 9,914
10 9,350 10 9,594
11 8,974 11 9,285
12 8,613 12 8,985

Source: NHTSA [2002a] Tables V-30 and V-31

The assumption is that 36% of passenger cars are an average of 6.1 psi below placard values and
40 % of light trucks are 7.7 psi below. Table 15.6 provides the mileage information by vehicle

54



Symplectic Engineering Corporation

type. One can assume a baseline mpg fuel economy for each vehicle type; following NHTSA
[2002a], the following values are used: 28.5 mpg for passenger cars and 20.7 mpg for light
trucks. In order to measure the fuel economy benefits, the following steps are needed:

1. 1% fuel efficiency = 2.96 psi lower

Changein air pressure = steady-state pressure — placard pressure

Changein fuel economy = changein air pressure/ 2.96

New MPG = optimal MPG (i.e., at placard pressure) * (1 - change in fuel economy/100)”°
Fuel expenditure = (VMT/MPG)* price fuel* average vehicle age* discount rate

difference = fuel expenditure (new MPG) —fuel expenditure (MPG @ placard)

average benefit = difference* % of fleet warned * driver response to strategy

total benefit = average benefit * fleet size

O N A WD

15.5 Emissions Benefits

Lowering fuel consumption leads to reduced amounts of CO2, particulate matter and other
emissions. These would include carbon monoxide (CO), chlorofluorocarbons (CFCs), Methane
(CHy), Nitrogen Oxide (Noy), Nitrous Oxide (N2O), Ozone (Os), Sulfur Oxides (Sox) and
Volatile Organic Compounds (VOX). The reduction will be equivalent to the reduction in fuel
use times the amount of emissions per unit of fuel. Multiplying this by the fleet size would
guantify the total emission reduction. One rule of thumb is that each reduction of 1 billion
galons of fuel reduces emissions by 2.4 million metric tons of carbon equivalent. The other
aternative is to take the reduction in fuel use times the amount of emission of each type per
galon times the social cost of each emission type. Multiplying this by the fleet size would
provide a measure of the reduction in social costs due to improved fuel efficiency.

In a study on the full socia costs of auto, air and rail, Gillen et al. [1996] found the emissions
and costs associated with fuel consumption detailed in Table 15.7. The cost included health care,
loss of productivity, damage to crops and agriculture, damage to buildings and environmental
degradation.?’ The values contained in Table 15.7 provide a measure of the cost per gallon of
fuel used for cars and light trucks. The reduction in fuel use with proper inflation times the fleet
sizetimesthe valuesin Table 15.7 provide the social benefits from the strategy.

Table 15.7: Cost per Gallon expressed in 2002 $ (Source: Gillen et al., [1996]).

Pollutant Passenger Car light Truck

Cco 0.0127 0.0012
vOoC 0.0367 0.0027
Nox 0.0287 0.0256
Sox 0.0007 0.0018
PM10 0.0003 0.0085

™ The average MPG @ placard for the entire 2002 model passenger vehicle fleet is 28.5 psi
(Source: NHTSA).
% See Gillen et al. [1996] Chapter 3.
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15.6 Other Private Benefits

Is reduced tread wear and longer tire life considered a benefit? Not entirely, while it may be
considered a private benefit to consumers it is a private loss to the tire industry. Chapter V in
NHTSA [2002a] provides measures of the savings to drivers of properly inflated tires. For
example, they note the average passenger car travels 126,678 miles on average over its life.
There is also some evidence that for every psi drop in inflation pressure, tread wear increases by
1.78 percent; this would mean about 800 fewer miles for each tire over the lifetime of the car.
Data collected by NHTSA found 36 percent of cars had at least one tire under-inflation by 20
percent; the average under-inflation of the 4 tires for these vehicles was 6.1 psi. With a TPMS
with pressure indicated on the instrument panel, the average psi improves by 3.6 ps (NHTSA
[2002a] Chapter V, page 69). Thus average passenger cars lose about 2,880 miles of tread life for
each tire due to under-inflation. With direct TPMS warning of under-inflation and assuming 95
percent of drivers act on the information, an average of 2,736 miles of tread life could be saved
per tire. The study goes on to note that if the average passenger car travels 126,678 miles over its
lifetime, it would use 3 sets of tires but if average tire wear increased, it could purchase the 2™
and 3" sets later than otherwise. This, it is claimed is a benefit to consumers. However, there is
an offsetting benefit to producers who now do not have the resources (money) they would have
otherwise. The differences are not necessarily offsetting since there is some consumer surplus
available to consumers. The more inelastic (elastic) is the demand for tires the lower (higher) is
the value of the consumer surplus. We are not able to find any studies reporting a value of such
an eladticity but expect it would be relatively low for tires but high for substitution among types
of tires® Therefore, it might be argued that any benefits to consumers are offset by losses to
producers.

8 For example, the retreaded tire business was severely hurt financially by the import of low
pricetires.
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16. Measuring the Environmental Gains from Reduced Tire
Disposal

The Environmental Protection Agency (EPA) estimates that in 1996, 266 million tires were
scrapped of which 76% were recovered (202 million) with removal of tires from the municipal
waste stream through recycling, use as fuel, and net exports (EPA [1999]). About 75.5% of those
recovered were burned as tire-derived fuel. This has resulted in a stockpile of approximately 800
million used tiresin the U.S.

There is a received opinion that disposal of used tires can pollute sewers, wastewater treatment
plants, and ground water supplies, as well as takes up landfill capacity. Unfortunately, statistics
are not available on the amount of ground water contamination, air pollution, or other
environmental outcomes that are specifically attributable to disposal of tires from motor vehicles
(EPA [1999]). Many landfills do not allow tire disposal because tires decompose extremely
slowly; they collect gases released by decomposing garbage, and then gradually float up to the
surface of the landfill (EPA [1999]). Unfortunately there is no quantification of what this means
in terms of economic costs, it is simply assumed to be bad.

The Scrap Tire Management Council (STMC) reports that “since 1996, the use of scrap tires
monofills (a landfill, 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... Monofills are portrayed as
a management system that allows 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.”

Surface scrap tire stockpiles represent both an esthetic and two potentially serious environmental
problems. mosquitoes and fires. Because they absorb heat and trap rainwater, leaf litter, and
microorganisms, scrap tire piles become an optimal breeding habitat for four of the most
important disease-carrying mosqguitoes in the United States. Epidemiological studies have
concluded that epidemics in certain localities were the result of artificially enlarged populations
of these disease-carrying mosqguitoes facilitated by the optimum environment created by tire
stockpiles (Eldin and Piekarski [1993)]).

Thus scrap tire piles are often high-priority targets of efforts to prevent or slow outbreaks of
mosquito-borne diseases. “Unfortunately, treating them with insecticides is problematic since it
is difficult to penetrate tire piles to the depths where mosquitoes breed. Also, mosquitoes are
developing resistance to many widely used insecticides. Finally, insecticides used to suppress
adult mosquitoes are environmentally hazardous, and those used to suppress larvae are costly”
(Blackman and Palma [2002]).

The most serious environmental problem is fire. At least partly because of their high energy

content— 14,000 to 15,000 BTUs per pound versus 8,000 to 12,000 BTUs per pound for coal—
tire piles burn intensely and are extremely difficult to extinguish. Additionally, applying water is
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often a problem because of the attendant water pollution, and the recommended course of action
is sometimes to simply let the pile burn itself out (U.S. Fire Administration [1998]).

In their report on the scrap tire problem in Ciudad Juarez and El Paso, Blackman and Pama
[2002] note that:

Tire piles can burn for months. For example, afirein Tracy, Californiainvolving some 7
million tires burned for more than two years between 1998 and 2000 before finally being
extinguished (Carlson 2000). Tire fires generally have severe impacts on the air, water,
and soil. When burned in the open, tires combust incompletely and emit both
conventional air pollutants (including particulates, carbon monoxide, sulfur oxides,
nitrogen oxides, and volatile organic compounds) and so-called hazardous air pollutants
(including polynuclear aromatic hydrocarbons (PAHS), dioxins, furans, hydrogen
chloride, benzene, polychlorinated biphenyles (PCBs) and heavy metals such as lead and
arsenic).

Tire fire air pollutants can cause short-term and long-term human health problems,
including irritation of the skin, eyes, and mucous membranes; respiratory effects;
depression of the central nervous system; and cancer. Tire fire emissions are estimated
to be 16 times more mutagenic (toxic) than emissions from residential wood-burning
fireplaces, and 13,000 times more mutagenic than emissions from coal-fired utilities
with good efficiencies and add-on pollution controls (U.S. EPA 1997).

Tire fires aso generate water pollution. The tires melt into tarry oil that can seep into
groundwater and run into surface water, especialy if water is used to try to extinguish the
fire® Finaly, oil, ash, and residue from tire pile fires contaminate soils with heavy
metals and other toxic substances. Remediation is generally difficult, and the sites of
many tire fires have been designated as hazardous waste cleanup sites. The costs of
extinguishing tire fires and remediating the sites can be enormous.

There is some data on the costs of the Environmental Protection Agency’s response for large
scrap tire fires in EPA Region 6 (Arkansas, Louisiana, New Mexico, Oklahoma, and Texas) in
the second half of the 1990s (see Table 16.1). Note that these figures omit costs to the private
sector and to municipa and state ingtitutions. They also do not reflect the social cost in terms of
environmental degradation. The figures are government expenditures or transfers from taxpayers
to government. They are not true social costs.

In the United States, large tire pile fires are not uncommon. Although some are started by natural
events (primarily lightning), most result from arson. Unfortunately, systematic national data on
the frequency and magnitude of such fires are lacking (Zalosh 2001). However, EPA estimated
that there were at least 176 large tire fires in the United States between 1971 and 1996 (Banipal
and Mullins 2001).

8 A standard automobile tire generates about 2 gallons of oil (STMC 2000).
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Table 16.1: Expenditures of Tire Firesin Different Locations (Source: EPA, Region 6).

Facility Location Cost of EPA Response
SPE Tire Disposal Midolithian, TX $ 1,800,000
ERI Stamford, TX $ 380,000
Mid-South El Dorado, AZ $ 260,000
Gibson Recycling | Atlanta, TX $ 123,000
J.C. Eliott Landfill Corpus Christi, TX $ 554,000
Madisonville Drum Madisonville, TX $ 193,000
Los Ebanos McAllen, TX $ 16,000
S.W. Processor Socorro, NM $ 178,000
Gibson Recycling Il Atlanta, TX $ 60,000
Total $ 3,564,000

While the types of hazards presented by waste tire disposal are clear, the final social and
environmental costs are not. The price to fight fires, for example, represent only afraction of the
potential long-term environmental remediation costs. The Office of the Fire Marshal of Ontario
Canada lists the following potential costs of any major environmental incident;

* evacuation,

» community and business interruption,

* primary medical costs for the public and emergency response personnel,

» medium and long-term medical costs,

* cleanup and monitoring,

* any long term environmental disruption,

* any litigation, and

* social costs, such as unemployment, loss of tax base and reduced earnings.
These would not all align with costs seen by economists as true externalities. Litigation, for
example, is atransfer as are many of the social costs included such as unemployment. Thisis not

to argue that reducing resource use below equilibrium is not costly, just that one must distinguish
between true economic loses and transfers.

A recent article in the Modesto Bee describes the costs associated with the tire fire in Tracey,
CA. The fire started on August 1998 and burned until December 2000. According to reports, the
ravine, which contained the 7 million tires, contains approximately 60,000 cubic yards of ash,
sted radials, liquefied rubber and other debris. The most important comment however, was

8 The tire fire in Hagersville, Ontario, for example, which took 200 firefighters 17 days to
extinguish, cost approximately $1,000,000 (U.S.) for only essential site cleanup and limited
environmental testing (Eldin & Piekarski, [1993]). The cost to date, however, has climbed to
$12,200,000 (Canadian). See www.gov.on.calOFM/recycle5.htm
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“environmental analysis will learn if the waste endangers the soil and water.” In other words,
there does not appear to be any firm numbers that provide some guidance as to what the value of
the environmental degradation is for tire dumps or discarded tires. The CIWMB estimates that
the cleanup of the Tracey fire will cost $9 million (CIWMB [2003a]). Additionally, one of the
largest tire fires occurred in Westley Californiain 1999. The cleanup took three years, and cost
in excess of $17 million (CIWMB [2003a)).

8 Modesto Bee, January 4, 2003. The same article stated the waste management board had
approved $20 million for clean up of the Tracey and other sites.
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17. Strategies: Levers, Benefits and Costs

Before undertaking the calculations for the benefits and costs of each strategy, it is useful to
identify what key factor or factors a strategy focuses on. In other words what are the things that a
manager of a strategic policy would consider in order to implement a strategy. Furthermore, what
are the outcomes of such tactics, what benefits do they provide and what costs are incurred when
choosing one strategy over another? Answering these questions provides not just an
understanding of how each strategy is implemented and how it works but also what data are
required to undertake the benefit/cost analysis.

Table 17.1 displays the aternative strategies and how they are implemented. Each strategy will
have costs associated with it. For the technology strategy these costs consists of initia
investment plus maintenance costs.®® Figure 17.1 also helps to explain how the different
strategies considered influence tire pressure.

Figure 17.1: Theroll different strategies play in affecting tire pressure.

Recyding —————

| 1
Better Foadways Better Tires ——
Government New Car Requirements <Waning System —
Policy Auto Inflaion =————
hspections
Tire axes
Programs Surcharge
Tire

Eucation ——> Awareness —>Attitude —>Behavior ——>Pressure —— Waste Tires

8 The initial cost is the incremental cost from an indirect TPMS, which is assumed as the base
case.
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Table 17.1: Tire Strategies. Levers, Benefits (Private and Social) & Costs.

Tire Technology

Passive

Auto-inflate

Taxes/Subsidies
Rebate on High Quality Tire

Tax on Low Quality Tire

Education Programs
Tire Pressure Maintenance

1. Increase tire life with proper
inflation but through operator
maintence

2. Pressure less than optimal lower
proportion of time

3. Less than 100 percent response
rate

1. Increase tire life with proper
inflation

2. Pressure less than optimal lower
proportion of time

1.Cross Elasticity of demand for
qulaity tires

2.More VMT per set of tires-fewer
disposals

1.Cross Elasticity of demand for
qulaity tires

2.More VMT per set of tires-fewer
disposals

1.Changing proportion of operators
maintaining tire pressure.
2.Changing proportion of operators
choosing new tire pressure
information/inflation technologies

l.Inncreased Safety
2.Reduced Fuel use
3.Lower Emission
4.Longer tread Life-More
VMT/tire unit
5.Reduction in number of
disposed tires

l.Inncreased Safety
2.Reduced Fuel use
3.Lower Emission
4.Longer tread Life-More
VMT/tire unit
5.Reduction in number of
disposed tires

1. Longer tread life and more

VMT per unit

1. Longer tread life and more

VMT per unit

l.Inncreased Safety
2.Reduced Fueluse
3.Lower Emission
4.Longer tread Life-More
VMT/tire unit
5.Reduction in number of
disposed tires

1. Hardware Costs
2. Maintenance Costs

1. Hardware Costs
2. Maintenance Costs

1. Cost of subsidy with
public funds

1.Loss of consumer
surplus with tax.

Cost of eduction
programs

62




Symplectic Engineering Corporation

17.1 Strategy 1: Technology Based

These strategies will include a direct TPMS and auto-inflate systems. For the former the key
factors affecting the reduction in tire disposal are the degree to which operators respond to
information that one or more of thelr tires is under-inflated and how long they will drive on the
under-inflated tire. In the case of auto-inflate systems, the tire will automatically re-inflate once
it reaches a particular level of under-inflation. Note two key differences between the TPMS and
auto-inflate system; first, the auto-inflate system will always respond to lower tire pressure and
second, the length of time (or VMT) on under-inflated tires will be minimized for the auto-inflate
system.

For indirect TPMSs the costs will depend on whether there are ABS brakes installed, if so, the
incremental cost of a TPMS is $13.29. In year 2000 about 76 percent of the stock of passenger
cars and trucks had ABS brake systems. With some differences in whether the ABS system is 3
or 4 channels and the incremental cost of moving from the former to the latter, NHTSA estimates
the average capital cost for an indirect TPMS to be $21.13, in 2000 dollars (NHTSA [20024],
Chapter VI1). A direct TPMS ranges from $69-$106. Given that some cost economies and
increasing competition in the parts supply sector are expected, using $69 is a reasonable
approach.

A direct measurement system with display for pressure per tire would be $70.35 per vehicle
(NHTSA [2002a], Chapter VI, page 6). If this system were improved to an auto-inflate system
where a pump would inflate the tires when they dropped below a certain threshold, the
incremental cost would be $104.65, for a total of $175. Maintenance costs are estimated to be
$40.91 over the life of the vehicle. Expenses occur in year ten when batteries must be replaced.

An auto-inflate system cost is approximately $350 per unit, although this would be lower with
original equipment and through scale economies. Following the logic and proportion of the cost
for the TPMS, we would expect the cost to fall by about 50 percent to $175. Maintenance costs
would be similar to the passive system with batteries being changed after the second set of tires.

Past research and development expenses can be considered sunk and would not be included in
any cost calculation.

17.2 Strategy 2: Education

Education programs are designed to affect behavior. In the present context, education programs
am to affect two types of decisions. First, motivate consumers to better maintain their tires.
Second, convey to consumers the value of monitoring and auto-inflate systems. A
comprehensive search of literature on the impact and costs of education programs across a
number of different issues is presented in Appendix C. A reading of this survey illustrates the
problems of trying to measure effectiveness and to attach dollars to achieving a particular
outcome. This means that given a particular dollar amount, it is difficult to measure what level of
effect this budget would have. Similarly, looking at a particular outcome, it is difficult to
measure the dollars that were used to achieve this outcome. Therefore, it is difficult to establish a
measure of costs as well as have some credible measure of the proportion of people who might
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change their tire pressure maintenance behavior. One could make some assumptions but these
would not have any sound scientific basis.

One way of exploring this strategy is to ask the question, “what proportion of people would have
to change their behavior in order to achieve the same reduction in tire disposal as that realized
with another strategy such as auto-inflate systems where we do have good data?’

Note that both private as well as socia benefits are realized under the education program like the
more technology-based strategies and unlike the tax/subsidy strategy. This is because improved
tire life due to better tire pressure maintenance has the same outcomes as having auto-inflate
systems. It would therefore seem reasonable that education programs might be benchmarked
against strategy 1.

The other perspective is that this strategy is unlikely to be a stand-alone strategy. Rather it would
be used in conjunction with other strategies and provide positive reinforcement. However, as we
said earlier, it may be hard to measure the incremental impact of such a combination. More
research is needed.

17.3 Strategy 4: Taxes and Subsidies

Other strategies sometime used in addressing public policy issues are to either tax a product
which has negative consequences or subsidize a product that has positive consequences; for
example, cigarettes are taxed whereas, fuel efficient appliances receive a rebate in some
jurisdictions. This framework can be applied to tires as well. The attractiveness of this approach
is that direct costs are relatively small, certainly to consumers. However, other costs are hidden.
In the case of a rebate on high mileage tires, the money used to provide the rebate must come
from public sources. These dollars have an opportunity cost both in terms of alternative public
spending that would yield public returns to California but also in terms of money that has been
gathered from taxpayers.2® Of course one could argue that disposal fees could be used to finance
such a program but this would require more investigation.

A tax on the other hand has no direct costs except perhaps some administrative expenses. There
are economic costs in that economic welfare, defined as the sum of producers and consumers
surplus, is reduced since consumers face higher real prices and there is a loss in consumer
surplus. The amount of loss will depend on the magnitude of the elasticity of demand for low
quality tires - relatively high, one would expect.

It should also be made clear that a rebate is different than a tax, although on the face of it they
might appear to have the same effect. A rebate on a high price good is not [necessarily]
equivalent to a tax on a low quality (hence low price) good. A rebate effectively shifts the
demand curve whereas a tax shifts the supply or cost curve.

This strategy however is not particularly effective in reducing the level of tire disposal since it
simply has the effect to move a proportion of people to higher quality tires which would have

% The most recent work has shown that each $1 of tax money cost $1.43 in terms of the real
resource costs.
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lower wear for a given VMT. Therefore, the set of tires would not be changed as often over the
life of the car. To measure the effect of this particular strategy requires some knowledge of the
own-price elasticity of demand for tires and the cross-price elasticity between low and high
quality tires. A search of the literature showed that this information is not available. We do
however have information on the elasticity of demand for driving with respect to auto running
costs. We aso have information on the per mile cost of tires in operating costs. These are listed
in Table 17.2.

Table 17.2: Vehicle operating and ownership costs by category (Source: Gillen et al., 1996)

Percent of Total
Operating Costs cents per mile 10,000 Miles 15,000 Miles 20,000 Miles
gas and oil 5.9 0.09 0.12 0.13
maintenace 4.1 0.07 0.08 0.09
tires 1.8 0.03 0.04 0.04
Ownership Costs per year
insurance ~ $ 173
collision insuarance = $ 357
bodily harm insurance = $ 484
license, registration = $ 201
depreciation = $ 3,721
finance charge = $ 828
Total Cost Per mile
20,000 miles per year 45.1 cents
15,000 miles per year 50.2 cents
10,000 miles per year 62.3 cents

The elasticity of demand for VMT with respect to automobile running costs ranges from —0.2 to
—0.4, the latter being a long run elasticity and the former a short run elasticity. These elasticities
measure the driver response to VMT so, for example, a 10 percent increase in running costs
would reduce VMT by 2 percent in the short term and 4 percent in the long term. Given the
valuesin Table 17.2, it is quite clear that tire costs would have to increase enormously to have an
effect of reducing VMT. Some assumptions will be made and values estimated.
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18. Effects of Different Strategies on Tire Disposal Rates

The first step in assessing the different strategies is to assess their contribution to reduce the
number of waste tires generated in California. Three strategies are considered, first, a technology
based one where we examine both the use of TPM S with instrument panel readouts for each tire
and the use of auto inflate systems which maintain the tire at optimal values most of the time.®’
The other two strategies are taxes and subsidies, which are treated as being symmetric although
they need not be. Not having enough information on the relevant elasticities led to this strategy.
Thefinal strategy isto look at education programs to have people better maintain the pressure in
their tires. We treat this as equivalent to TPMS with a “once and for all” signal, meaning low
sophistication. In developing these measures we have assumed that the distribution between
passenger cars and trucks for ‘light vehicles does not change over the period of anaysis. We
also assume the response of passenger car versus light truck operators does not change (that is,
thereis no evolution in their behavior).

Tables 18.1 through 18.8 provide the first set of key results of the analysis.

The results are also presented for two data sets since, as was indicated earlier, they can be seen as
representing the upper and lower boundary of the amount of discarded tires. One could clearly
change some assumptions and undertake a sensitivity analysis on the basis of other criteria.

One reason for presenting the impact on the level of tire disposal prior to the benefit-cost
analysis is because we do not have any good measure for the external cost of tire dumps or piles.
We have some measures of how much it cost to clean up tire dumps or to clean up after atirefire
but we do not have a measure of the external damage such fires do in the same way we have
reasonably good measures of the economic cost of emissions. Therefore in this section we
present the “physical” evidence and then we place an expenditure value on tires that are disposed
of and include them in the benefit-cost assessment.

The results have been organized by strategy and by database, and summaries are presented in
Table 18.1. Tables 18.2 through 18.9 provide the forecast of waste tires generated for each
strategy and for the two databases. The emphasis is on the forecast values from 2002 through
2012. Differences occur because of both the database as well as the effectiveness of the different
strategies. The assumption is also made that no added recycling strategies are introduced, so all
reduction are due to strategies to reduce tire wear or increase tire productivity.®® Two points are
evident, the base case has a dramatic affect on the measured impact and there are substantive
differences among the strategies. The way in which taxes and subsidies work must be interpreted
with caution since we used auto VMT elasticities to measure the response of drivers to a tax or
subsidy. There would in effect be fewer VMT if atax were imposed. Yet in the other strategies
we have assumed VMT remains constant.

8 We assume that atire stays within 2 psi of its placard value.

8 Anincrease in tire productivity can be viewed as obtaining more VMT per unit of tires used.
Thus, for example, better tire pressure maintenance leads to less wear per VMT, hence rising
productivity.
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The outcomes certainly agree with prior intuition but the value of the analytics is to see the
marked differences between strategies. Among the technology based strategies which we have
the most confidence in, in terms of measurement, the auto inflate systems are more than twice as
effective as TPM S systems. The big difference isthe former is entirely automated while the latter
requires operator effort. The education program by itself is ineffective but may be valuable if
introduced in conjunction with other programs to make them more effective. As we state, the
impact of taxes and subsidies must be treated with caution. The impact appears more valuable
than the education strategy, however, as we have argued earlier, both taxes/rebates and education
are not adequate stand-alone strategies. They are valuable in conjunction with a technological
strategy. More research is needed to see at what point in the process either or both of these
ancillary strategies should be introduced.

Table 18.1: Summary of impact of Different Strategies on tire disposal.

Strategy RMA IWMB
TPMS -0.026 -0.060

Auto Inflate -0.073 -0.170
Taxes/Subsidies -0.008 -0.018
Education -0.006 -0.015
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Table 18.2: Impact of direct TPMS on disposal of tires: Strategy 1 (RMA database).

Estimated New NEW

California tires Level of Total Total Reduction in

populatio generated Tires Tires PTEs PTEs Total PTEs Recyclying

n RMA Data Generate Imported (RMA (RMA  Generated and other Diverted Total Landfill- Landfill- Percent
Year (Millions) (millions) d (millions) Data) Data) (millions) uses Retreaded Exported to fuel diverted  OIld NEW Change
1990 29.5 39.17 39.17 0.00 39.17 39.17 0.00 0.6 2.3 1.3 4 8.2 30.97 30.97 0
1991 30.1 41.00 41.00 0.40 41.40 41.40 0.00 0.8 2.2 1.3 5.8 10.1 31.30 31.30 0
1992 30.7 42.74 42.74 0.60 43.34  43.34 0.00 11 2.1 1.3 6.8 11.3 32.04 32.04 0
1993 31.1 44,10 44.10 0.30 44.40 44.40 0.00 1.5 2.1 1.3 7.7 12.6 31.80 31.80 0
1994 31.7 45.47 45.47 0.20 45.67 45.67 0.00 1.7 2.4 1.3 11.7 17.1 28.57 28.57 0
1995 32.3 46.87 46.87 0.60 47.47 47.47 0.00 1.8 2.4 1.7 10.8 16.7 30.77 30.77 0
1996 32.6 49.64 49.64 1.50 51.14 51.14 0.00 2.3 2.4 1.7 8.9 15.3 35.84 35.84 0
1997 33.2 52.94 52.94 3.20 56.14 56.14 0.00 5.4 2.8 1.7 9 18.9 37.24 37.24 0
1998 33.8 56.16 56.16 2.20 58.36 58.36 0.00 9.1 2.8 3.1 7.5 22.5 35.86 35.86 0
1999 34.0 57.16 57.16 2.00 59.16 59.16 0.00 10.1 2.5 15 7.9 22 37.16 37.16 0
2000 34.5 58.05 58.05 3.20 61.25 61.25 0.00 11 2.4 19 5.2 20.5 40.75 40.75 0
2001 34.8 53.58 53.58 1.70 55.28 55.28 0.00 14.9 2.4 2.6 5.3 25.2 30.08 30.08 0
2002 35.8 55.35 54.63 2.00 57.35 56.63 0.72 15.65 2.5 2.5 55 26.15 31.21 30.49 -0.023
2003 36.4 56.68 55.93 2.00 58.68 57.93 0.74 16.43 25 25 55 26.93 31.75 31.00 -0.023
2004 36.9 57.88 57.11 2.00 59.88 59.11 0.76 17.25 2.5 2.5 55 27.75 32.13 31.37 -0.024
2005 37.4 59.11 58.34 2.00 61.11 60.34 0.78 18.11 25 25 55 28.61 32.50 31.72  -0.024
2006 37.8 60.23 59.43 2.00 62.23 61.43 0.80 19.02 2.5 2.5 55 29.52 32.71 31.92 -0.024
2007 38.4 61.70 60.89 2.00 63.70 62.89 0.81 19.97 25 25 5.5 30.47 33.23 3242  -0.024
2008 38.9 63.05 62.22 2.00 65.05 64.22 0.83 20.97 2.5 2.5 55 31.47 33.59 32.76 -0.025
2009 39.4 64.45 63.60 2.00 66.45 65.60 0.85 22.01 25 25 5.5 32.51 33.93 33.08 = -0.025
2010 40.0 66.05 65.19 2.00 68.05 67.19 0.87 23.11 2.5 2.5 55 33.61 34.44 33.57 -0.025
2011 40.4 67.38 66.49 2.00 69.38 68.49 0.89 24.27 2.5 25 55 34.77 34.61 33.72 -0.026
2012 40.9 68.92 68.01 2.00 70.92 70.01 0.91 25.48 2.5 2.5 5.5 35.98 34.93 34.03 = -0.026
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Table 18.3: Impact of direct TPM S on disposal of tires: Strategy 1 (CIWMB database).

Estimated
tires New NEW

California generated Level of Total Total Reduction in

populatio IWMB Tires Tires PTEs PTEs Total PTEs Recyclying

n Data Generate Imported (IWMB (IWMB Generated and other Diverted  Total Landfill- Landfill- Percent
Year (Millions) (millions) d (millions) Data) Data) (millions) uses Retreaded Exported to fuel diverted Old NEW Change
1990 29.5 27.000 27.00 0.00 27.00 27.00 0.00 0.6 2.3 1.3 4 8.2 18.80 18.80 0
1991 30.1 27.500 27.50 0.40 27.90 27.90 0.00 0.8 2.2 1.3 5.8 10.1 17.80 17.80 0
1992 30.7 28.200 28.20 0.60 28.80 28.80 0.00 1.1 2.1 1.3 6.8 11.3 17.50 17.50 0
1993 311 28.500 28.50 0.30 28.80 28.80 0.00 15 2.1 1.3 7.7 12.6 16.20 16.20 0
1994 31.7 29.000 29.00 0.20 29.20 29.20 0.00 1.7 2.4 1.3 11.7 17.1 12.10 12.10 0
1995 32.3 29.500 29.50 0.60 30.10 30.10 0.00 1.8 2.4 17 10.8 16.7 13.40 13.40 0
1996 32.6 30.000 30.00 1.50 31.50 31.50 0.00 2.3 2.4 1.7 8.9 15.3 16.20 16.20 0
1997 33.2 30.400 30.40 3.20 33.60 33.60 0.00 5.4 2.8 1.7 9 18.9 14.70 14.70 0
1998 33.8 30.900 30.90 2.20 33.10 33.10 0.00 9.1 2.8 3.1 7.5 225 10.60 10.60 0
1999 34.0 31.100 31.10 2.00 33.10 33.10 0.00 10.1 25 15 7.9 22 11.10 11.10 0
2000 34.5 31.600 31.60 3.20 34.80 34.80 0.00 11 2.4 1.9 5.2 20.5 14.30 14.30 0
2001 34.8 33.300 33.30 1.70 35.00 35.00 0.00 14.9 2.4 2.6 5.3 25.2 9.80 9.80 0
2002 35.8 34.835 34.39 2.00 36.84 36.39 0.45 15.65 2.5 2.5 5.5 26.15 10.69 10.24 = -0.042
2003 36.4 35.668 35.20 2.00 37.67 37.20 0.47 16.43 2.5 2.5 5.5 26.93 10.74 10.27 = -0.044
2004 36.9 36.425 35.95 2.00 38.42 37.95 0.48 17.25 25 2.5 5.5 27.75 10.68 10.20 = -0.045
2005 37.4 37.203 36.71 2.00 39.20 38.71 0.49 18.11 25 25 5.5 28.61 10.59 10.10 = -0.046
2006 37.8 37.904 37.40 2.00 39.90 39.40 0.50 19.02 2.5 2.5 5.5 29.52 10.39 9.89 = -0.048
2007 38.4 38.830 38.32 2.00 40.83 40.32 0.51 19.97 2.5 2.5 5.5 30.47 10.36 9.85 = -0.049
2008 38.9 39.681 39.16 2.00 41.68 41.16 0.52 20.97 2.5 2.5 5.5 31.47 10.22 9.69 @ -0.051
2009 39.4 40.559 40.03 2.00 42.56 42.03 0.53 22.01 25 25 5.5 32.51 10.05 9.51 = -0.053
2010 40.0 41.570 41.02 2.00 43.57 43.02 0.55 23.11 25 25 5.5 33.61 9.96 9.41 = -0.055
2011 40.4 42.403 41.84 2.00 44.40 43.84 0.56 24.27 25 25 5.5 34.77 9.63 9.07 = -0.058
2012 40.9 43.372 42.80 2.00 45.37 44.80 0.57 25.48 2.5 2.5 5.5 35.98 9.39 8.82 = -0.061
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Table 18.4: Impact of auto-inflate systems on disposal of tires: Strategy 1 (RMA database).

ESUMatea
tires Reduction in
California  generated New Level NEW Total ~ Total PTEs
population RMA Data of Tires Imported  Total PTEs PTEs (RMA Generated  Recyclying and other Diverted Total Landfill- Landfill- Percent
Year (Millions)  (millions)  Generated (millions) (RMA Data) Data) (millions) uses Retreaded ~ Exported tofuel  diverted Old NEW Change
1990 295 39.17 39.17 0.00 39.17 39.17 0.00 0.6 2.3 13 4 82 3097 3097 0
1991 301 41.00 41.00 0.40 41.40 41.40 0.00 0.8 22 13 5.8 101 3130 3130 0
1992 30.7 4274 42.74 0.60 43.34 4334 0.00 11 2.1 13 6.8 113 3204 3204 0
1993 311 44.10 44.10 0.30 44.40 44.40 0.00 15 2.1 13 7.7 126 3180  31.80 0
1994 317 45.47 4547 0.20 45.67 45.67 0.00 17 24 13 11.7 171 2857 2857 0
1995 323 46.87 46.87 0.60 47.47 47.47 0.00 1.8 24 1.7 10.8 16.7 30.77  30.77 0
1996  32.6 49.64 49.64 1.50 51.14 51.14 0.00 2.3 24 1.7 8.9 153 3584 3584 0
1997 332 52.94 52.94 3.20 56.14 56.14 0.00 54 2.8 1.7 9 189 3724 3724 0
1998 338 56.16 56.16 2.20 58.36 58.36 0.00 9.1 2.8 31 7.5 225 3586 3586 0
1999  34.0 57.16 57.16 2.00 59.16 59.16 0.00 10.1 25 15 7.9 22 3716 3716 0
2000 345 58.05 58.05 3.20 61.25 61.25 0.00 11 24 19 5.2 205 40.75  40.75 0
2001 348 53.58 53.58 1.70 55.28 55.28 0.00 14.9 24 2.6 5.3 252 3008  30.08 0
2002 358 55.35 53.33 2.00 57.35 55.33 2.02 15.65 25 25 55 2615 3121 2919  -0.065
2003  36.4 56.68 54.59 2.00 58.68 56.59 2.08 16.43 25 25 55 2693 3175  29.66  -0.066
2004 369 57.88 55.74 2.00 59.88 57.74 213 17.25 25 25 55 2775 3213 2999  -0.066
2005 374 59.11 56.93 2.00 61.11 58.93 218 18.11 25 25 55 2861 3250 3032 -0.067
2006 378 60.23 58.00 2.00 62.23 60.00 223 19.02 25 25 55 2952 3271 3048 -0.068
2007 384 61.70 59.43 2.00 63.70 61.43 227 19.97 25 25 55 3047 3323 3096 -0.068
2008 389 63.05 60.73 2.00 65.05 62.73 2.32 20.97 25 25 55 3147 3359 3126  -0.069
2009 394 64.45 62.07 2.00 66.45 64.07 2.37 22,01 25 25 55 3251 3393 3156 -0.070
2010  40.0 66.05 63.63 2.00 68.05 65.63 243 2311 25 25 55 3361 3444 3201 -0.070
2011 404 67.38 64.89 2.00 69.38 66.89 2.49 24.27 25 25 55 3477 3461 3212 -0.072
2012 409 68.92 66.38 2.00 70.92 68.38 2.54 25.48 2.5 25 55 3598 3493 3239 -0.073
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Table 18.5: Impact of auto-inflate systems on disposal of tires. Strategy 1 (CIWMB database).

ESTImatea
tires Reduction in
California  generated New Level Tires NEW Total ~ Total PTEs
population IWMB Data of Tires Imported  Total PTEs  PTEs (IWMB Generated ~ Recyclying and other Diverted Total Landfill- Landfill- Percent
Year (Millions)  (millions)  Generated (millions) (IWMB Data) Data) (millions) uses Retreaded  Exported tofuel  diverted Old NEW Change
1990 295 27.000 27.00 0.00 27.00 27.00 0.00 0.6 23 13 4 82 1880  18.80 0
1991 301 27.500 27.50 0.40 27.90 27.90 0.00 0.8 2.2 13 5.8 101 1780  17.80 0
1992 307 28.200 28.20 0.60 28.80 28.80 0.00 11 2.1 13 6.8 113 1750 1750 0
1993 311 28.500 28.50 0.30 28.80 28.80 0.00 15 21 13 7.7 126 1620 16.20 0
1994 317 29.000 29.00 0.20 29.20 29.20 0.00 1.7 2.4 13 117 171 1210 1210 0
1995 323 29.500 29.50 0.60 30.10 30.10 0.00 1.8 24 1.7 10.8 16.7 1340 1340 0
1996 326 30.000 30.00 1.50 31.50 31.50 0.00 23 2.4 1.7 8.9 153 1620 16.20 0
1997 332 30.400 30.40 3.20 33.60 33.60 0.00 5.4 2.8 1.7 9 189 1470 1470 0
1998 338 30.900 30.90 2.20 33.10 33.10 0.00 9.1 2.8 31 75 225 1060  10.60 0
1999 340 31.100 31.10 2.00 33.10 33.10 0.00 10.1 25 15 7.9 22 1110 1110 0
2000 345 31.600 31.60 3.20 34.80 34.80 0.00 11 2.4 19 5.2 205 1430 1430 0
2001 348 33.300 33.30 1.70 35.00 35.00 0.00 14.9 24 2.6 5.3 25.2 9.80 9.80 0
2002 358 34.835 33.58 2.00 36.84 35.58 1.25 15.65 25 25 55 2615  10.69 9.44 -0.117
2003 36.4 35.668 34.36 2.00 37.67 36.36 131 16.43 25 25 55 2693 10.74 9.43 -0.122
2004  36.9 36.425 35.08 2.00 38.42 37.08 134 17.25 25 25 55 2775  10.68 9.33 -0.126
2005 374 37.203 35.83 2.00 39.20 37.83 1.37 18.11 25 25 55 2861  10.59 9.22 -0.130
2006 37.8 37.904 36.50 2.00 39.90 38.50 1.40 19.02 25 25 55 2952  10.39 8.99 -0.135
2007 384 38.830 37.40 2.00 40.83 39.40 143 19.97 25 25 55 3047  10.36 8.93 -0.138
2008 389 39.681 38.22 2.00 41.68 40.22 1.46 20.97 25 25 55 3147 1022 8.75 -0.143
2009 394 40.559 39.06 2.00 42.56 41.06 1.49 22.01 25 25 55 3251  10.05 8.55 -0.149
2010  40.0 41.570 40.04 2.00 43.57 42.04 153 23.11 25 25 55 3361 9.96 8.43 -0.153
2011 404 42.403 40.84 2.00 44.40 42.84 157 24.27 25 25 55 3477 9.63 8.07 -0.163
2012 40.9 43.372 41.77 2.00 45.37 43.77 1.60 25.48 2.5 2.5 55  35.98 9.39 7.79 -0.170
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Table 18.6: Impact of taxes and subsidies on disposal of tires: Strategy 4 (RMA database).

Estimated
tires NEW Total Reduction in
California generated New Level  Tires Total PTEs PTEs Total PTEs Recyclying
population RMA Data of Tires Imported  (RMA (RMA Generated and other Diverted Total Landfi Landfill- Percent

Year (Millions) (millions) Generated (millions) Data) Data) (millions) uses Retreaded Exported to fuel diverted [I-Old NEW Change

1990 29.5 39.17 39.17 0.00 39.17 39.17 0.00 0.6 2.3 1.3 4 8.2 30.97 30.97 0
1991 30.1 41.00 41.00 0.40 41.40 41.40 0.00 0.8 2.2 1.3 5.8 10.1 31.30 31.30 0
1992 30.7 42.74 42.74 0.60 43.34 43.34 0.00 1.1 21 1.3 6.8 11.3 32.04 32.04 0
1993 31.1 44.10 44.10 0.30 44.40 44.40 0.00 15 2.1 1.3 7.7 12.6 31.80 31.80 0
1994 31.7 45.47 45.47 0.20 45.67 45.67 0.00 1.7 2.4 1.3 11.7 17.1 28.57 28.57 0
1995 32.3 46.87 46.87 0.60 47.47 47.47 0.00 18 2.4 1.7 10.8 16.7 30.77  30.77 0
1996 32.6 49.64 49.64 1.50 51.14 51.14 0.00 2.3 2.4 1.7 8.9 153 3584 3584 0
1997 33.2 52.94 52.94 3.20 56.14 56.14 0.00 5.4 2.8 1.7 9 189 37.24 37.24 0
1998 33.8 56.16 56.16 2.20 58.36 58.36 0.00 9.1 2.8 31 7.5 225 35.86 35.86 0
1999 34.0 57.16 57.16 2.00 59.16 59.16 0.00 10.1 2.5 15 7.9 22 37.16 37.16 0
2000 34.5 58.05 58.05 3.20 61.25 61.25 0.00 11 2.4 1.9 5.2 20.5 40.75 40.75 0
2001 34.8 53.58 53.58 1.70 55.28 55.28 0.00 14.9 2.4 2.6 5.3 25.2 30.08 30.08 0
2002 35.8 55.35 55.14 2.00 57.35 57.14 0.22 15.65 25 25 5.5 26.15 31.21  30.99 -0.007
2003 36.4 56.68 56.45 2.00 58.68 58.45 0.22 16.43 25 25 5.5 26.93 31.75 3152 -0.007
2004 36.9 57.88 57.65 2.00 59.88 59.65 0.23 17.25 25 25 5.5 27.75 32.13 31.90 -0.007
2005 374 59.11 58.88 2.00 61.11 60.88 0.23 18.11 2.5 2.5 55 28.61 32.50 32.27 -0.007
2006 37.8 60.23 59.99 2.00 62.23 61.99 0.24 19.02 2.5 2.5 55 29.52 32.71 32.47 -0.007
2007 384 61.70 61.46 2.00 63.70 63.46 0.24 19.97 2.5 2.5 55 30.47 33.23 32.99 -0.007
2008 38.9 63.05 62.80 2.00 65.05 64.80 0.25 20.97 25 25 5.5 31.47 3359 33.34 -0.007
2009 39.4 64.45 64.19 2.00 66.45 66.19 0.25 22.01 25 25 5.5 3251 33.93 33.68 -0.007
2010 40.0 66.05 65.79 2.00 68.05 67.79 0.26 23.11 25 25 5.5 33.61 3444 34.18 -0.008
2011 40.4 67.38 67.11 2.00 69.38 69.11 0.27 24.27 2.5 2.5 55 34.77 3461 34.34 -0.008
2012 40.9 68.92 68.64 2.00 70.92 70.64 0.27 25.48 2.5 2.5 5.5 35.98 34.93 34.66 -0.008
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Table 18.7: Impact of taxes and subsidies on disposal of tires: Strategy 4 (CIWMB database).

Estimated
tires NEW Total Reduction in
California generated New Level Tires Total PTEs PTEs Total PTEs Recyclying
population IWMB Data of Tires Imported  (IWMB (IwmB Generated and other Diverted Total Landfi Landfill- Percent

Year (Millions) (millions) Generated (millions) Data) Data) (millions) uses Retreaded Exported to fuel diverted [I-Old NEW Change

1990 29.5 27.000 39.17 0.00 27.00 39.17 27.00 0.6 2.3 1.3 4 8.2 18.80 30.97 0.64729
1991 30.1 27.500 41.00 0.40 27.90 41.40 27.50 0.8 2.2 1.3 5.8 10.1 17.80 31.30 0.75865
1992 30.7 28.200 42.74 0.60 28.80 43.34 28.20 1.1 2.1 1.3 6.8 11.3 1750 32.04 0.83109
1993 31.1 28.500 44,10 0.30 28.80 44.40 28.50 1.5 2.1 1.3 7.7 12.6 16.20 31.80 0.96296
1994 31.7 29.000 45.47 0.20 29.20 45.67 29.00 1.7 2.4 1.3 11.7 17.1 12.10 28,57 1.36149
1995 323 29.500 46.87 0.60 30.10 47.47 29.50 1.8 2.4 1.7 10.8 16.7 13.40 30.77  1.29597
1996 32.6 30.000 49.64 1.50 31.50 51.14 30.00 2.3 2.4 1.7 8.9 15.3 16.20 35.84  1.21237
1997 33.2 30.400 52.94 3.20 33.60 56.14 30.40 5.4 2.8 1.7 9 18.9 14.70 37.24  1.53329
1998 33.8 30.900 56.16 2.20 33.10 58.36 30.90 9.1 2.8 3.1 7.5 22,5 10.60 35.86 2.38276
1999 34.0 31.100 57.16 2.00 33.10 59.16 31.10 10.1 25 1.5 7.9 22 11.10 37.16  2.34802
2000 34.5 31.600 58.05 3.20 34.80 61.25 31.60 11 2.4 1.9 5.2 20.5 1430 40.75 1.84999
2001 34.8 33.300 53.58 1.70 35.00 55.28 33.30 14.9 2.4 2.6 5.3 25.2 9.80 30.08 2.06958
2002 35.8 34.835 34.70 2.00 36.84 36.70 0.13 15.65 2.5 25 5.5 26.15 10.69 10.56 -0.013
2003 36.4 35.668 35.53 2.00 37.67 37.53 0.14 16.43 2.5 2.5 5.5 26.93 10.74 10.60 -0.013
2004 36.9 36.425 36.28 2.00 38.42 38.28 0.14 17.25 25 25 5.5 27.75 10.68 10.53 -0.013
2005 37.4 37.203 37.06 2.00 39.20 39.06 0.15 18.11 2.5 2.5 5.5 28.61 10.59 10.45 -0.014
2006 37.8 37.904 37.75 2.00 39.90 39.75 0.15 19.02 25 25 5.5 29.52 10.39 10.24 -0.014
2007 38.4 38.830 38.68 2.00 40.83 40.68 0.15 19.97 2.5 2.5 5.5 30.47 10.36 10.21 -0.015
2008 38.9 39.681 39.52 2.00 41.68 41.52 0.16 20.97 25 25 5.5 31.47 10.22 10.06 -0.015
2009 39.4 40.559 40.40 2.00 42.56 42.40 0.16 22.01 2.5 2.5 5.5 32,51 10.05 9.88 -0.016
2010 40.0 41.570 41.41 2.00 43.57 43.41 0.16 23.11 25 25 5.5 33.61 9.96 9.79 -0.016
2011 40.4 42.403 42.24 2.00 44.40 44.24 0.17 24.27 2.5 2.5 5.5 34.77 9.63 9.46 -0.017
2012 40.9 43.372 43.20 2.00 45.37 45.20 0.17 25.48 2.5 2.5 5.5 35.98 9.39 9.22 -0.018
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Table 18.8: Impact of education programs on disposal of tires: Strategy 2 (RMA database).

Estimate
d tires
generate New Tires NEW
California d RMA  Level of Importe Total Total Reduction in Recyclyin
populati Data Tires d PTEs PTEs Total PTEs g and Diverte Total
on (millions Generate (millions (RMA (RMA Generated other Retreade Exporte dto diverte Landfill- Landfil Percent
Year (Millions) ) d ) Data) Data) (millions) uses d d fuel d Old I-NEW Change
1990 29.5 39.17 39.17 0.00 39.17 39.17 0.00 0.6 2.3 1.3 4 8.2 30.97 30.97 0
1991 30.1 41.00 41.00 0.40 41.40 41.40 0.00 0.8 2.2 1.3 5.8 10.1 31.30 31.30 0
1992 30.7 42.74 42.74 0.60 43.34 43.34 0.00 11 2.1 1.3 6.8 11.3 32.04 32.04 0
1993 31.1 44.10 44.10 0.30 44.40 44.40 0.00 15 2.1 1.3 7.7 126 31.80 31.80 0
1994 31.7 45.47 45.47 0.20 45.67 45.67 0.00 1.7 2.4 1.3 11.7 17.1 28,57 28.57 0
1995 32.3 46.87 46.87 0.60 47.47 47.47 0.00 1.8 2.4 1.7 10.8 16.7 30.77 30.77 0
1996 32.6 49.64 49.64 1.50 51.14 51.14 0.00 2.3 2.4 1.7 8.9 153 35.84 3584 0
1997 33.2 52.94 52.94 3.20 56.14 56.14 0.00 5.4 2.8 1.7 9 189 37.24 37.24 0
1998 33.8 56.16 56.16 2.20 58.36 58.36 0.00 9.1 2.8 3.1 7.5 22,5 35.86 35.86 0
1999 34.0 57.16 57.16 2.00 59.16 59.16 0.00 10.1 25 15 7.9 22 37.16 37.16 0
2000 34.5 58.05 58.05 3.20 61.25 61.25 0.00 11 2.4 1.9 5.2 20.5 40.75 40.75 0
2001 34.8 53.58 53.58 1.70 55.28 55.28 0.00 14.9 2.4 2.6 5.3 25.2 30.08 30.08 0
2002 35.8 55.35 54.81 2.00 57.35 56.81 0.54 15.65 2.5 2.5 5,5 26.15 31.21 30.67 | -0.017
2003 36.4 56.68 56.12 2.00 58.68 58.12 0.56 16.43 25 25 55 26.93 31.75 31.19 -0.018
2004 36.9 57.88 57.31 2.00 59.88 59.31 0.57 17.25 25 25 55 27.75 32.13 3156 -0.018
2005 374 59.11 58.53 2.00 61.11 60.53 0.58 18.11 25 25 55 28.61 3250 31.92 -0.018
2006 37.8 60.23 59.63 2.00 62.23 61.63 0.60 19.02 25 25 55 29,52 3271 32.11 -0.018
2007 38.4 61.70 61.09 2.00 63.70 63.09 0.61 19.97 2.5 2.5 55 3047 33.23