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1. Introduction

Purpose:

To present a roadmap for identifying, expanding, and engaging waste tire reuse and
recycling capacity in the state to achieve the goal of recycling or reusing 100 percent
of newly generated and stockpiled waste tires in the state.

Drivers: Charles Johnson CDPHE
Joel Bolduc End User
Waste Tire
® Liabilities Christopher “Chris” Houtchens Haulers
Tire
¢ CDPHE Larry Hudson Manufacturers
e House Bill 10-1018 _ Local Fire
James Reid Authority
. . . .
WaSte Tlre AdVISOry Commlttee Michael “Scott” Skorka Tire Retailer
Cyrus “Rusty” Hardy, Jr. Law Enforcement
Trent Peterson Tire Monofill
Richard “Rick” Welle Processors
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Waste Tire Advisory Committee

a) Protect the safety and welfare of the citizens, wildlife, and environment
adjacent to waste tire facilities

b) Develop sound enforcement practices and risk mitigation practices to
prevent the loss of life, property, and the environment caused by waste
tires

c) Prevent the illegal transportation and disposal of waste tires
d) Develop markets for tire-derived products

e) Provide a long-term plan to reduce waste tire stockpiles and a waste
tire market development plan
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Other Contributors

* Regulators * Technology Developers
* Cement and Steel Plants ¢ Processors

* Landfills * Park Rangers

* Energy Organizations e Attorneys

» Retailers » Tire Manufacturers
* Haulers e Civil Engineers

* End Users

Over 65 People Contacted




2. Colorado’s Waste Tire Situation

Liabilities:

* Fire

* Disease

* Diminished Land Value
* Lost Opportunities




Colorado Waste Tire System Model

AltgrnaﬁVe.
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Figure 1:
Annualized Colorado Waste Tire
Flow System

2011 Data

Monofills
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Stockpiles
Monofills lllegal Stockpiles

Google earth
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Monofills

v.\H-i"-‘__ e e
TR (e

1) Hudson Tireville (Recently
Purchased by CH2E)

2) Midway Monofill
(Recently Purchased by
3) Resource Management Company GCCQ)
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Generators

1200 Registered:

e Tire retailers

e Auto dealers

e Auto dismantlers

e Public and private vehicle maintenance shops garages
* Service stations

e (Car care centers

e Automotive fleet centers

* Local government fleet operators

e Rental fleets
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Processors —

11 Registered:

e Cut, slice, chip, shred, or
grind

e Segregate reinforcing
wire and fabric
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End Users

e Minimize Public Health
and Environmental
Liabilities

Realize value of energy and
material resources
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Locations

Legend

Generation
Storage

=
1
|:| Processing
—1

End User

Represented distribution
of Generatorsis notional.

Campo

Figure 2: Distribution of Current Colorado
Waste Tire Generators, Monofills,
Processors, and Existing Major End Users
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3. Influences on the Waste Tire System

Relatively low cost of coal, oil, and gas in Colorado
e Recessed economy

Market growth for waste tire feedstock has occurred for
molded and extruded products, retreading, crumb rubber, and
rubberized asphalt

Colorado incentives




Current Tire Generation

 No tire industry data by state

e Difficult to estimate unit sales based on
sales tax revenue due to complex product
mix

e Base estimate on available national tire sales
data and statistical data




Replacement Tire Sales

REPLACEMENT TIRES (all units in thousands) REPLACEMENT TIRES (all units in thousands)

Type Quantity PTE/Unit PTE Tons Type Quantity PTE/Unit PTE Tons
Passenger 194,395 1 194,395 2,187 Passenger 190,929 1 190,929 2,148
Light Truck 28,601 1 28,601 322 Light Truck 28,060 1 28,060 316
Subtotal 222,996 222,996 2,509 Subtotal 218,989 218,989 2,464
Medium Truck 16,508 5 82,540 929 Medium Truck 15,847 5 79,235 891
Total 239,504 305,536 3,437 Total 234,836 298,224 3,355
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Colorado Proportionality

Parameter (0]TF:151414Y; % Colorado
Colorado
POPULATION
2010 308,745,538 5,029,196 1.63%
2012 313,914,040 5,187,582 1.65%

VEHICLE REGISTRATIONS (2010)

AUTO 130,892,240 1,890,748 1.44%
BUS 846,051 9,343 1.10%
TRUCK 110,322,254 2,280,207 2.07%

SUBTOTAL 242,060,545 4,180,298 1.73%

GASOLINE CONSUMPTION (2010)

2010 2,541,871,000 49,635,000 1.95%

AVERAGE 1.77%
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Estimated Waste Tire Generation in Colorado

Replacement Tires Salvage Vehicles

Parameter US Total CO Colorado US Total CO Colorado  Total
Multiplier Multiplier

Tires 234,838,000 0.0177 4,156,633 26,300,000 0.0177 465,510 4,622,143

PTE 298,224,000 0.0177 5,278,565 72,300,000 0.0177 1,279,710 6,558,275

Tons 3,355,000 0.0177 59,384 813,375 0.0177 14,397 73,780
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Projected Fee Collection

uUs CO Multiplier CO Quantity Fee/ Tire Fee
Replacement Tires
Pass/LT 218,989,000 0.0177 3,876,105 $1.50 $5,814,158
Medium Truck 15,847,000 0.0177 280,492 $1.50 $420,738
Subtotal 234,836,000 4,156,597 $1.50 $6,234,896
New OEM
Tires
Pass/Lt Truck 44,293,000 0.0177 783,986 $1.50 $1,175,979
Med Truck 5,074,000 0.0177 89,810 $1.50 $134,715
Subtotal 49,367,000 873,796 $1,310,694
TOTAL 284,203,000 5,030,393 $1.50 $7,545,590
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Current Tire Storage

e Major Monofills

e Hudson Tireville CH2E 31.5 million

e Midway GCC 26.3 million

e RMC RMC 2.5 million

e Subtotal 60.3 million
e Stockpiles

e Legal Multiple 1.5 million

e lllegal Multiple Unknown
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Regulatory Influences

o Stockpile Abatement

 Processor/End User Reimbursement

* Market Development Fund

e Waste Tire fire Prevention Fund

e Waste Tire Law Enforcement Grant Fund
e Department of Revenue Fee
 Regulatory Definitions




lllegal Stockpile Abatement

e Current
e Initiated and implemented by counties
e Responsible for all functions, inc interim funding

e Successful Programs

e Managed by State

e With cooperation from stakeholders, counties,
law enforcement
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Stockpile Program Components

e Pile Identification

* Prioritization

e Contractor Pre-Qualification

e Contractor Selection/Monitoring

e Continuity

e (Cost Recovery

 Proven Results and Improved Efficiency

A I ————
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Processor/End User Reimbursement

e (Current Issue

e \Variable monthly payments based on funding
and revenue/reimbursement requests

e Result
 Unpredictable cash flow and financial planning

e Needed

e Averaging methodology that yields predictable
payments

A I ————
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Example

e Conservative available funding
e  About 80% of projected

 Conservative estimate of processor/end user payment
requests

e About 120% of maximum total reimbursement request,
including monofill/stockpiles not covered by stockpile
cleanup funding

e Divide two elements to establish predictable unit payment

e Build and carry over working capital cushion to enhance
predictability

e Adjust as necessary to maintain solvency and carefully
monitor for abuse

TETRA TECH




Processor/End User Reimbursement

e (Current Issue

 Products sold in smaller quantities through
distribution systems are not reimbursed

e Result

e Some high value uses are denied
reimbursement, discouraging target markets
that should be encouraged

e Needed

e Uniform, fair reimbursement for all acceptable
end uses supported by appropriate
documentation

TETRA TECH




Examples

TETRA TECH

Allow consolidation of smaller volume sales with appropriate
documentation

Consider simplifying end user payments into processor
payments

Processor Receives no payment without documented
sale of product to end user or distribution channel

e  Processor may have to share reimbursement to drive
market pricing and market creation, or they receive
nothing

e  Most states use this system for simplicity, but it does
eliminate the cross-check provided by separate
processor/end user reimbursement requests




Market Development Grant Fund

e |[ssue

e  State programs driven by subsidies generally create artificial
economics and markets

e Result

. Many markets disappear when the program sunsets or is
terminated (often suddenly), creating market chaos and
ultimate program failure

e Needed

e Targeted market development assistance to create markets
capable of surviving in an unsubsidized free market system

. Gradual transition from subsidized economics to free market to
allow reallocation of income sources within the industry and
minimize market impact
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Example

TETRA TECH

Gradual shifting of processor/end user reimburse funds into a
Market Development Fund (consolidated with the existing
Recycling Incentives Fund) to use one-time competitive grants
to accomplish the following:

. Demonstrate/establish new markets through grants for initial
applications or geographic diversification

. Overcome initial capital obstacles for new markets by partially
funding end user equipment for initial use. Use loan converted
to grant mechanism

. Partially fund product testing, engineering studies or other
assistance required to support market development and
acceptance

Early Fund creation accelerates market creation



Waste Tire Fire Prevention Fund

e |[ssue

Fund has been effectively used for training and
equipment purchases

e Result
e New equipment needs are limited
e Needed

e Continuing situational training and refreshers

e Broaden scope to allow development and communication
of advanced fire control plans for major stockpile sites

e Redeploy unneeded funds into the Market Development
Fund
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Waste Tire Law Enforcement Grant Fund

* |[ssue
Funds used primarily for training
e Result

e Scope prevents use of grants or disbursements to
encourage interagency coordination in waste tire
enforcement

e Needed

e Modify scope to allow grants to state and local agencies
for assistance in coordinated enforcement of hauler and
dumping regulations

e Review regulations and enforcement penalties to provide
necessary framework and penalties
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Waste Tire Fee Collection

e |ssue

e Fee collection in 2012 was about S0.5 million
less that projected

e Result
e May be opportunities to enhance compliance
e Needed

e Joint department discussions to identify
methods to enhance fee collection and
decrease disparities
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Regulatory Definitions

e |[ssue

*  Definitions and terminology are a cornerstone of effective
regulations and policy reflected throughout the regulatory
framework

e Result

*  Definitions can become confusing and inconsistent as
regulations are modified over time

e Needed

A careful review of definitions and regulations to assure
appropriate modifications and enhanced clarity. Some
examples are provided, but they must be carefully reviewed in
context with waste tire regulations and bases in broader solid
waste regulations

* Identifying all waste tire and underlying regulation could assist
industry stakeholders in understanding and compliance
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National Market Perspective

* National perspective illustrates proven markets
e Each state has its own market strengths and weaknesses
e RMA compiles the data

e RMA chose to remove tire culled for resale before showing
markets data

e Gross tire collections - 265.8 million units (100%)
e Culled for resale - 35.1 million units ( 13%)

 Net tire generation - 230.7 million units ( 87%)
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U.S. Scrap Tire Disposition 2011
(as percentage of total generation)




Alternative Energy Resource (TDF)

e TDF has been used in the U.S., Europe and Japan
since 1970’s

e TDF is the largest end use in most of these countries

e TDF is the cornerstone of most state waste tire
management programs if opportunities exist

 Waste tire generation volumes require use of all
major market opportunities

e TDF does not thwart development of other markets

 Waste tires naturally migrate to higher revenue
products as these markets develop
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Comparative TDF Characteristics

Characteristic Bituminous TDF (90+% Subbituminous
Coal- Wire Coal-Western US

Northeastern Removed)
uUs

Moisture 10.43 0.62 24.68
(% As Received)

Heating Value 10,641 15,404 9,287
(BTU/Pound, as
Received)
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Proximate Analysis (%, Dry)

Characteristic Bituminous TDF (90+% Subbituminous
Coal- Wire Coal-Western

Northeastern Removed) uUs
us

Proximate Analysis (%, Dry

Basis)

Ash 16.16 4.81 6.37
Volatile 38.14 67.06 44.43
Carbon

Fixed Carbon 45.7 28.13 49.2
TOTAL 100 100 100
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Ultimate Analysis

Characteristic Bituminous TDF Subbituminous
Coal- (90+% Wire Coal-Western US
Northeastern Removed)
us

Ultimate Analysis (%, Dry Basis)

Carbon 65.49 83.79 70.73

Hydrogen 4.56 7.13 4.85

Nitrogen 1.11 0.24 0.84

Sulfur 4.52 1.84 0.41

Ash 16.16 4.81 6.37

Oxygen (by difference) | 8.16 2.18 16.8

TOTAL 100 100 100
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TDF Ultimate Analysis (Ibs/million Btu)

Characteristic Bituminous TDF Subbituminous
Coal 90+% Wire Coal-Western US
Northeastern Removed
us

Ultimate Analysis Expressed as

Pounds/Million Btu

Carbon 55.13 54.05 57.36

Hydrogen 3.84 4.6 3.93

Nitrogen 0.93 0.16 0.68

Sulfur 3.81 1.19 0.33

Ash 13.61 3.12 5.17

Oxygen (by difference) 6.87 1.42 13.62

SUBTOTAL 84.19 64.54 81.09

Moisture 9.8 0.4 24.68

TOTAL 93.99 64.94 105.77
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Suitable TDF Facilities

e  Must be able to use a solid fuel

e Rigorous combustion conditions (3 T's)
e Appropriate emissions control technology
e  Other technical issues

e  Operational consistency

e Environmental factors

e Regulatory considerations

e Economic factors

e  Public perception

e Policy

e Higher value market transition
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Applicability

e Cement Manufacturing Facilities

e Holcim
e GCC
e CEMEX

e Historical and future cornerstone of expanded market growth,
especially for use of at least one monofill

 Important, but not to the exclusion of market diversity
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Power Generation Facilities

e Generally fluidized bed, cyclone and some stoker-
fired boilers

 All 19 identified large coal-burning units are
unsuitable (wall and tangentially fired)

e Three small fluidized boilers have limited potential

e Biomass boilers can require supplemental energy
for complete combustion, but renewable energy
regulatory status is detriment

TETRA TECH




Steel Production

e Some Electric Arc steel foundries have used cut tires
as a source of elemental carbon as well as energy

 One large facility in Colorado

 Discussions have been initiated




Cement and Steel Market Development
Plan and Accelerators

e Assist knowledgeable cement industry in enhanced usage if
requested and warranted

 Provide factual and unbiased data for evaluation by
environmental interests

e Explore state’s fluidized bed units for opportunity
 Fully explore existing and planned biomass boilers

e Assess technical, environmental and economic viability at
steel foundry

e  Market Development Fund could be a practical accelerator

. Provide technical assistance to accelerate evaluations where
appropriate

TETRA TECH




Pyrolysis

e Definition —thermal decomposition in the absence of oxygen
 Products — oil, gas and carbon char
 Process is over 60 years old

e More than 100 systems have been proposed, designed or
built in North America in past 30 years

 There are no commercial scale facilities operating
continuously in North America

e Over S350 million has been invested in facilities by large and
small companies
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Historical Obstacles

e QOperating problems

o Safety

 Feed availability and processing
 Product quality
 Environmental impact

e Economics

e TSCA certification for process and products

A I ————
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Tire Derived Aggregate (TDA) Characteristics

e Light weight- extensive use in highway embankments in 13 states and
provinces

e Compressibility - reduces lateral stress on walls and has demonstrated
vibration dampening properties under rail systems

e Low thermal conductivity — good thermal insulator to retard frost
penetration in roadways and around home foundation

* High permeability — effective drainage medium under roadways, around
house foundations, in French drains and septic system drain fields and in
landfill drainage and gas collection systems

 High shear strength — enhances strength and stability in roadway
embankments and vibration dampening uses

TETRA TECH




Perspective and Issues

TETRA TECH

Broad economic applicability for lightweight fill, thermal
insulation, vibration dampening and in areas with limited
drainage aggregate

Stockpile requirements can be substantial for large projects

Leaching of metals occurs but generally is not an issue in flow-
through applications above the water table

Deep piles of shredded waste tires have auto-ignited during
storage and use in a few early highway projects. Procedures
and practices have been developed and demonstrated to
minimize the probability of such occurrences.

Year round production an seasonal TDA usage can require
substantial inventory accumulation and cash flow
management




TDA Use in landfill Design

e TDA’s high permeability in drainage layers and gas collection
channels

e |tsresilience allows it to be used in operations layers to
prevent spearing damage to landfill liners at operating faces

e |t can be a good daily cover, especially in arid, windy climates
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TDA Market Development and
Accelerators

TETRA TECH

Initiate cooperative practical educational seminars with CDOT,
landfill companies and design engineers

Identify specific projects, then assist in the evaluation, design
and implementation as appropriate

Provide assistance on TDA specifications, procurement,
staging and installation to enhance project comfort level on
new applications

Use competitive grants to support demonstration projects and
document actual installation under Colorado’s conditions. If
possible, encourage design engineers to visit initial projects
during construction.



Ground Rubber Markets

e Rubber Modified Asphalt
e Sports/Safety Surfaces

e Molded Rubber Products
e Landscape Mulch




Rubber Modified Asphalt

 New state activity but low national growth

e Industry formed Rubber Asphalt Foundation to accelerate
educational campaigns

e AASHTO approved testing standard changes allowing rubber
use in PG mixes

e Georgia DOT amended specifications to include RMA
alternative to polymers

e (Canadian research for cold weather performance

 New products including warm mix, thin overlays on concrete,
terminal blend, hybrid mixes

e Colorado has demonstration projects and continuing local
interest
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Recreation/Safety Surfaces

e Synthetic sports fields are the largest single crumb
rubber market

e About 1000 new fields/year-250 million pounds/year
e Playground loose fill and pour-in-place stable

 Rubber infill in natural turf heavily promoted




Molded Rubber Products

e Largest total market segment with continuing growth

* Drivers
* Lower raw material costs
* Improved product performance
e Green build marketing appeal

e Diverse products




Landscape Mulch

e Large market with broad consumer distribution
 Negative impact of economic downturn
 Pause in national growth or product cycle

e Has technical drivers and detractors




Ground Rubber Development Plans
and Accelerators

e Alter existing processor/end user reimbursement system to
achieve fair ground rubber end user payment

e Consider Georgia “model” coordinated RMA market

development approach to build on Colorado’s initial
experience

 Focus Market Development Funds to create or demonstrate
new markets /products

e Explore opportunities for molded plastic or rubber products

e Use consistency and predictability in market development
plans to encourage capital investment

TETRA TECH




4. Opportunities for Expanding End Use

Summary:

1. Increase consumption of existing cement plants
2. Bring additional cement plants on line

3. Establish consumption at Steel Mill

4. Increase design applications for TDA in highway and
landfill applications.
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4. Opportunities for Expanding End Use

5. Monitor and support efforts to develop new pyrolysis
technologies

6. Begin using crumb rubber in asphalt

7. Increase other ground rubber markets




Investment Strategies

e Demand Generation

 Supply Generation

e Waste Tire Market Development Fund
e Public Sector Partnerships

e Public-Private Partnerships

e Commercial Financing




5. Market Development Plan
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Action Sequence E—

e Complete Regulatory
Modifications

ECEEEECERCEEECERECREEEEENE
|

e |dentify lllegal Stockpiles oy

e Set Up lllegal Stockpile LEEEE
Contractor Abatement
Program S

aamia Frcriana Lassten it baety
Per=rs

ECECEECECEEMECECECEECEEL!

e Develop Educational e
Materials; Complete
Seminars

e Assist End Users, Processors, * Respond to Results and

Transporters with Expansion Changes in the Market
Efforts Situation with Updated

Actions

 Monitor and Report Progress
and Results
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Monitoring Plan

1. Complete Actions
on Gantt Chart

2. Monitor Results;
Update and
Compare to Goal
State

3. Identify lllegal
Stockpiles, Track
Progress, Check Off
on the Map When =
Abated... =
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Figure 2: Distributicn of Current Colorado
‘Waste Tire Generators, Monofills,
Processors, and Existing Major End Users




Monitoring Plan

4. Waste Tire Advisory
Committee Reviews
Results and Progress
Quarterly; Steers
Subsequent Actions to
Best Achieve End Use of
All Waste Tires By 2024
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