
"Materials-Cycle Optimisation in the
Production of Major Finished Materials"

CHAPTER 12: SCRAP TIRES

by

P.M. WEAVER*

95/16/EPS

This working paper was published in the context of INSEAD's Centre for the Management of
Environmental Resources, an R&D partnership sponsored by Ciba-Geigy, Danfoss, Otto
Group, Royal Dutch/Shell and Sandoz AG.

* Research Project Manager at INSEAD, Boulevard de Const ance, Fontainebleau 77305
Cedex, France.

A working paper in the INSEAD Working Paper Series is intended as a means whereby a
faculty researcher's thoughts and findings may be communicated to interested readers. The
paper should be considered preliminary in nature and may require revision.

Printed at INSEAD, Fontainebleau, France



This chapter is part of a report made for the EC DGXII on a project entitled
"Materials-Cycle Optimisation in the Production of Major Finished Materials".
This project aims at facilitating the identification of longer-term R&D needs for
materials-cycle optimisation, especially by using wastes, co-products, or by-products
from one process as inputs to other processes. Book publication is envisaged.
Following is the list of chapters:

Chapter 1:
Chapter 2:
Chapter 3:
Chapter 4:
Chapter 5:
Chapter 6:
Chapter 7:
Chapter 8:
Chapter 9:
Chapter 10:

Chapter 11:
Chapter 12:
Chapter 13:

Summary and Overview (Insead ref N°: 95/05/EPS)
Alumina, Aluminium and Gallium (Insead ref N°: 95/06/EPS)
Copper, Cobalt, Silver & Arsenic (Insead ref N°: 95/07/EPS)
Chromium Sources, Uses and Losses (Insead ref N°: 95/08/EPS)
Zinc and Cadmium (Insead ref N°: 95/09/EPS)
Sulfur and Sulfuric Acid (Insead refN°: 95/10/EPS)
Phosphorus, Fluorine and Gypsum (Insead ref N°: 95/11/EPS)
Nitrogen-based Chemicals (Insead ref N°: 95/12/EPS)
The Chlor-Alkali Sector (Insead ref N°: 95/13/EPS)
Electronic Grade Silicon (EGS) for Semiconductors (Insead ref N°:
95/14/EPS)
Packaging Wastes (Insead ref N°: 95/15/EPS)
Scrap Tires (Insead ref N°: 95/16/EPS)
Coal Ash: Sources and Possible Uses (Insead ref N° 95/17/EPS)

All chapters are individually available as INSEAD Working Papers.



R.U. Ayres Materials-Optimization in the Production of Major Finished Materials 	 January 25, 1995

CHAPTER 12. SCRAP TIRES'

Paul M. Weaver

12.1. Summary

Scrap tires are becoming a major environmental hazard in all countries where there are large
numbers of automobiles and trucks. In numbers, around 2.5 mil lion metric tons (MMT) of
scrap tires are generated annually within western Europe (EU). It is doubtful that much more
than 20% of this material is recycled. Accumulations of unusable old tires a re extraordinarily
unsightly. Such accumulations are also public health hazards, being natural breeding grounds
for mosquitos and other insects that can carry disease. They are also extremely inflammable
and regularly subject to "accidental" fires that are virtually impossible to extinguish and that
generate black clouds of acrid smoke containing a number of toxic or carcinogenic pollutants.
Obstacles to recycling are numerous. Yet the only two major alternatives, at present — apart
from accidental fires — are landfilling and burning (mostly by farmers) in open fields.

The hazards of open burning are obvious. Landfilling is, unfortunately, not a perm anent
disposal method because landfill operators have discovered that buried tires tend to work their
way to the surface. In effect, they refuse to stay buried. This means that landfills containing
large accumulations of tires are also potential fire and health hazards. (Moreover, a fire that
starts on the surface of such a landfill can eventually work its way underground, where it may
smolder for months or years). Thus landfilling is not a practical long-term solution to the
problem.

Apart from the environmental problems associated with scrap tires, they constitute a
significant wasted resource. Tires are extremely energy-intensive. In addition to the energy
used in chemical processing and fabrication, the energy content of the rubber (including
carbon black and other additives) is 50% greater than that of coal, for the same mass. In other
words, the heating value of 2.5 MMT of tires is equal to that of 3.74 MMT of coal.
Moreover, scrap tires can be used as fuel for several purposes where coal is now used,
notably in cement plants.

There are strong reasons for governments to reduce tire scrappage. This can be done by
encouraging longer tire life, more remanufacturing (retreading), mo re recycling of the
materials embodied within scrap tires and (as a last resort) energy recovery from scrap tires.
As far as can be determined by an outsider to the industry, technology is not the barrier. The
reasons for today's wasteful and environmentally damaging practices have mo re to do with
industry structure and tradition. Indeed, truck and bus tires are mostly leased and routinely
returned for retreading on a regular basis, with the result that the average truck or bus tire
lasts five or six times as long as the average automobile tire in Europe.

Policies that would be effective in changing current practices cannot be discussed in detail
here, but the key point would seem to be to make the manufacturer (or a designated agent)
responsible for taking back the tire at the end of its useful life. This would induce
manufacturers to design tires for easier retreading, for instance. Consumers would need an
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incentive to cooperate. There are two possibilities worth considering. One is the "returnable
deposit" which would be a sum of money retained by the seller and payable to the consumer
on returning a retreadable tire. The other possibility is to create a tire leasing system similar
to that which now exists for trucks and buses. The two schemes might actually be combined,
since the only way to induce people to lease their tires rather than buying them outright
would be through price differentials. The returnable deposit would, of course, add to the
apparent price of the tire to an individual buyer, whereas it could be waived for a leasing
organization.

Goals of Public Policy: to minimize open burning of tires; to eliminate landfilling of
tires; to recover valuable resources; to increase tire life; to increase tire recycling.

12.2. Introduction

The EU is a major world tire producing and consuming region. In gross output tonnage terms,
France (727,000 tonnes) is the world's third most important tire producer (after the US and
Japan). Germany's industry (641,000 tonnes) is almost as large. Spain, Italy and the UK each
produce around 350,000 tonnes. With produc tion in the Benelux countries (170,000 tonnes)
and elsewhere in the EU (183,000 tonnes), total EU tire production is around 2.75 million
tonnes. The consumption of rubber within the EU's major tire producing countries in respect
to tire production is significant. Rubber constitutes more than half by weight of the materials
used in tire production. The French and German tire industries each consume more than
300,000 tonnes of rubber annually. The Spanish, Italian and British tire industries annually
consume around 180,000 tonnes each. Half of consumption is of natural rubber, all of which
has to be imported. Since the main raw material for producing synthetic rubber is oil, much
of which is also imported from outside the EU area, tire production constitutes an important
industry which, directly or indirectly, relies heavily on imported raw materials.

The idea of recycling the materials represented by waste tires is not new. Initially, it was part
of the tire life cycle. The rubber industry "reclaimed" scrap tires; i.e. recovered the natural
rubber from which the tire was made for use in a wide range of tire and non-tire applications.
In essence, reclaiming attempts to reverse the vulcanization process at the heart of tire
manufacturing. Natural rubber latex is a monomer that is pl astic and tacky. Vulcanization is
a chemical process that uses the chemical energy of sulfur to forge cross-linkages between
the hydrocarbon chains of natural rubber latex. The result, vulcanized rubber, is a polymer.
Vulcanization gives rubber the mechanical properties (especially, elasticity) needed for
practical applications. Tires constitute the single most important such application.

Like vulcanization, reclamation is a chemical process. Its object is to reverse the vulcanization
by splitting the sulfur cross-links to regenerate a viscous monomer comparable in character
to latex. Initially, reclaiming rubber from tires was possible — and widespread — because
tires were made from natural rubber, which is technically straightforward to reclaim. Several
reclaiming processes were developed and widely used. However, with growth in demand for
rubber products, concerns over natural rubber supplies (especially as a result of the Japanese
invasion of Southeast Asia in World War II), and the need to improve the technical perfor-
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mance and useful lifetime of tires, there have been consistent pressu res over the past 50 years
for the development of synthetic rubbers and for their incorporation into tire products. R&D
in this area has been extremely successful. A wide range of synthetic elastomers has been
developed using petroleum-based feedstocks. Each has specific physical and chemical
properties that offer different combinations of advantages and disadvantages.

With a wide choice of synthetics available, the tire industry has been able to select and blend
materials for use in different kinds of tire and in different parts of tires to deliver products
of ever higher performance. The disadvantage is that with the development and use of
synthetic elastomers, reclamation has become more difficult and the reclaimed product
correspondingly less functional as compared to the original. Synthetic rubbers do not
devulcanize as well as natural rubber. Because tires a re assembled from different components
made from different polymers, reclaimed material is not pure. Its properties are not the same
as those of virgin materials. Moreover, because different manufacturers use different blending
formulae and the rubber content (by type of rubber) va ries between types of tire, scrap tires
are an "unreliable" materials source. This means that reclaimed rubber lacks the necessary
properties to meet the technical specifications of today's high-performance tires.

The use of steel-belted radial tires (which, owing to their better road performance
characteristics and longevity now dominate the passenger car tire market) has brought
additional complications.

While making the reclamation process for rubber more difficult, the development of safer,
more durable tires has, however, increased the possibilities for retreading. Commercial vehicle
(CV) fleets and airlines generally exploit this by routinely retreading their tires. Retreading
could potentially be expanded significantly within the passenger car (PC) sector. Unfortunate-
ly, a combination of economic, technical and "image" factors has led to a steady reduction
in the scale of retreading in the PC sector.

Retreading depends upon having a high quality (reusable) tire carcass. Most scrap passenger
car tires examined with a view to retreading are unsuitable owing to damaged side walls or
excessive wear. Also, the market for passenger car tire retreads is limited by their unfavorable
image. They are widely regarded as inferior, if not unsafe. They have little price advantage,
if any, over cheap, low quality new tires imported from the Far E ast or from Eastern Europe.

12.3. The Current EU Tire Life Cycle

In order to trace the fate of the materials involved, we can conceptualize a tire "life-cycle"
from monomer production, through polymerization and tire fabrication to tire consumption,
to scrap tire disposal. We do not consider the chemical processes hereafter. Production is
made up of new and retreaded tires. During manufacturing, some materials are lost. There is
also a fraction of mis-manufactured tires. Estimates place total manufacturing losses to be
around 5% [Guelorget et al 1993]. Further material losses occur as material embodied within
a tire is worn away during use and is lost dissipatively to the environment. Losses here are
estimated at between 5% and 15% depending on tire type. Average mass losses of around
10% are likely [ibid]. (Dissipative losses of tire material on the roads constitute a significant
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source of cadmium pollution of the environment, for instance. See Chapter 5, Zinc and
Cadmium.

The remaining material ends up in the scrap tires. Scrap tires may be sent for retreading, for
materials recovery, or (together with mis-manufactured ti res) for secondary use in enginee ring
applications. Some scrap tires are exported for use. Directly or indirectly, however, most scrap
tires are incinerated (with or without heat recovery), buried in landfills, or stockpiled.
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Figure 12.1. Provisional reconstruction of the EU tire life cycle (1000 tonnes)

A provisional reconstruction of the EU tire cycle is given in Figure 12.1. Information has
been pieced together from several sources to derive estimates of the quantity of scrap tires
occurring annually, the levels and types of materials recovery/reuse within and outside the tire
sector, and the pattern of final waste disposal.

12.4. The Quantities of Scrap Tires

ation

Export

Data on the quantities of scrap ti res within the EU region are not collected as such. Estimates
must be based on production data, tire sales in the replacement equipment market, vehicle
scrapping levels and similar sources. From gross tonnage production data, it is possible to
determine the split between production of passenger car tires, commercial vehicle ti res, and
other tire products. For France the tonnage split for the production year 1991 was 52%, 21%
and 27% respectively. For Germany, the tonnage split was 58%, 25% and 17% respectively.
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Benelux 9.53 6.0
Denmark 1.70
France 23.55 24.4
Germany 35.52 23.1
Greece 1.60
Italy 24.80 16.2
Ireland 0.80
Portugal 1.90
Spain 11.50
U.K. 19.74 20.0

EU 130.65 104.5

Sources (1) OECD 1994
(2) EIU Rubber Trends September 1991

Note:	 Figures in italics are estimates
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It is perhaps not surprising that passenger car tire production outweighs (by a factor of two)
truck tire production. However, the surprising feature is the significance of the "other" cate-
gory. This includes motor cycle tires, heavy tires for industrial/agricultural/construction
equipment, trailer tires, aircraft tires, inner tubes, etc. The split between o riginal equipment
and replacement equipment sales is also instructive. In general, replacement equipment sales
account for around 55%-60% of total sales, in tonnage terms. The percentage is higher for
commercial vehicles (60%) than for passenger cars (55%).

In 1990, the size of the EU passenger Table 12.1. The EU vehicle parc & the
car (PC) parc (including light vans) was replacement market for tires, 1990 (millions)
approximately 131 million (Table 12.1).
For the countries of the EU for which
we have replacement equipment (RE)
sales data, the car parc was 113 million.
Sales of tires to the replacement market
in these countries amounted to 90 mil-
lion units. This gives an average RE:PC
ratio of 0.79, or slightly less than one
(0.79) replacement tire per car per year.
Since each car has a lifetime of 11-12
years (on the average) these statistics
mean that, during the life of the car,
about 9 replacement tires will be pur-
chased, in addition to 5 ti res as original
equipment.

Applying this ratio to the EU car parc,
we estimate replacement passenger car
tire sales at 104.5 million units. For the
countries for which we have commercial
vehicle (CV) replacement equipment
data, the CV fleet was just over 13
million vehicles. Replacement equip-
ment tire sales were just over 11 million
units. The RE:CV ratio is 0.84. Applying this to the EU CV fleet of around 16.5 million
vehicles, we estimate replacement equipment commercial vehicle tire sales at 13.9 million
units.

There is reasonable consensus that the average new passenger car tire weighs between 6 and
8 kg [e.g., Michelin 1993]. Estimates of average commercial vehicle tire weight vary from
28 kg [e.g., Ecoplan 1993] to 65 kg [e.g., Guelorget et al 1993]. From data giving gross
output by tire type in both unit and tonnage terms [e.g., EIU Rubber Trends 1989], we have
estimated the average weights of light commercial vehicle tires (21 kg) and heavy goods
vehicle tires (50 kg). Specialist tires for aircraft, agricultural, industrial and construction ma-
chinery are significantly heavier. As a result of different approaches to data presentation,
involving aggregations of vehicles into different categories, it is common to find discrepancies
between studies in the weights assumed for different kinds of tire. If light commercial vehicle
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tires are grouped with PC tires, the class average tire weight would be around 8 to 10 kg.
When light and heavy commercial vehicles are grouped together, the class average tire weight
will likely be 30 to 35 kg. If heavy CV's are grouped with specialist tires, the class average
tire weight will be 60 to 65 kg.

Since our data on replacement equipment sales are based on only two vehicle groupings, we
have assumed average class weights of 8 kg (PC's) and 30 kg (CV's). Replacement equipment
sales in the EU are therefore estimated at 836 thousand metric tons (KMT) for PC's and 417
KMT for CV's. Scrap tires arising from vehicle scrapping a re assumed to be an additional 684
KMT for PC's and 278 KMT for CV's. This gives a total scrapping weight of 2.2 MMT
(almost 1.5 MMT for PC's and around 0.7 MMT for CV's). Assuming that this represents
80% of the total tire market (since around 20% of production is neither of PC nor CV tires),
total annual scrappage would be equal to annual production, or 2.75 MMT. However,
assuming 10% weight loss through wear, this reduces to a little under 2.5 MMT tonnes. This
is our estimate of the total annual quantity of scrap tires arising in the EU.

The quantity of scrap tires generated each year has been increasing. However, ti re wear is
essentially proportional to vehicle miles travelled, so it should stabilize as growth in total
vehicle kilometrage slows. In the longer term, the quantity of scrap tires may decrease slightly
as the market share of longer-lived, low-rolling-resistance (LRL) tires increases. However,
these trends do not yet affect the broad picture.

12.5. Current Fate of Scrap Tires

Data on the current fate of
these scrap tires is not sys-
tematically collected. Several
studies at national scale have
tried to divide scrap tire gen-
eration among the range of
recycling and final disposal
alternatives [e.g. Elm Energy
and Recycling (UK) 1993,
ANRED (France) 1991].
These national studies are not
always consistent. For some
countries, data from indus-
trial sources on the quantities
of materials recycled (i.e.,
the production of retreaded
tires, "reclaim" and ground
rubber) are available and are
likely to be reliable.

Table 12.2. The fate of mis-manufactured & used tires:
France, 1983

Used tires
tonnes	 %

Reject tires
tonnes	 %

Material recovery
a) carcass recovery 72,000 14.3
b) powdered rubber 3,000 0.6 8,000 53.3
c) "reclaim" 5,000 1.0

Engineering applications 9,000 1.8 3,000 20.0

Landfill 236,000 47.0 2,000 13.3
Direct incineration 7,000 1.4 2,000 13.3
Indirect incineration 150,000 29.9
Export 20,000 4.0

TOTAL 502,000 100.0 15,000 100.0
Source: [ANRED 1983, cited in Guelorget et al 19931

For the UK, Elm Energy and Recycling (EER) estimated total tire scrappage in 1991 at 450
KMT [EER 1994]. It estimates disposal allocation as follows: landfill, 67% (301.5 KMT);
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incinerated with or without heat recovery, 9% (40.5 KMT); and materials recovery, 24% (108
KMT). Retreading/remolding accounted for 18% of scrap materials (81 KMT). Granu-
late/stamped rubber accounted for 6% (27 KMT).

The UK Retread Manufacturers' Association (RMA) suggests that retreads have about an 18%
share of the replacement market for passenger car tires and a 34% share of the replacement
truck tire market [RMA 1993?]. Together with data on replacement tire sales (Table 12.1),
these data imply that 28.8 KMT of scrap passenger car tires (8 kg average weight) and 54.4
KMT of scrap heavy commercial vehicle ti res (50 kg average weight) are retreaded. The total,
83.2 KMT, is close to that suggested in the EER report [op cit]. Another study suggests total
UK production of ground rubber (powder and crumb) to be 60 KMT, of which around half
(30 KMT) is from scrap tires [Burlace 1991]. This is also close to the EER estimate [op cit].

For France, an estimate of tire scrappage of 502 KMT is available for 1983 [ANRED 1985,
1986]. Evidence on the fate of mis-manufactured and used-tires in France is given in Table
12.2. With respect to mis-manufactured tires (which amounted to only 15 KMT of materials),
a little over half of the material involved (53%) was recovered as "reclaim". A further 20%
was used for other engineering applications. The remainder went to landfill or incineration.
Of the 502 KMT of used tires in 1983, 72 KMT (14.3%) was sent for retreading. A further
8 KMT (1.6%) was used for direct raw materials recovery and 9 KMT (1.8%) was used for
other engineering applications. Approximately 20 KMT of used-tires (4.0%) was exported.
All the remainder, 393 KMT (nearly 80%) was disposed of directly or indirectly through
landfill or by incineration. The bulk of incineration was apparently by uncontrolled burning
on open fields.

It is likely that the current figure for
French tire scrappage is closer to 600
KMT. A breakdown of French production
for 1991 by type of tire and weight of
output is given in Table 12.3 [SESSI
1991]. This shows that around 10% by
weight of tires produced in 1991 were
retreaded (i.e., less than in 1983). The
ultimate fate of scrap tires is estimated as
40% (by weight) to landfill, 40% to incin-
eration, 4% to export, and 16% to materi-
als recovery [ANRED 1991]. Recently, a
tire burning cement plant at La Malle
(with an installed annual tire burning
capacity of 20,000 tonnes) is estimated to
incinerate 10,000 tonnes of scrap tires/year.

Table 12.3. French tire production by type,
1991 (tonnes)

All
tires

Retreaded
tires

Car tires 355,811 6,999
Van tires 40,741 1,546
Truck/bus tires 102,171 57,059
Tractor tires 62,214 1,484
Others 118,039 0

TOTAL 678,977 67,087

Source: [SESSI 1993, cited in Guelorget et al 1993]

Evidence from other EU countries points to a generally high and stable level of retreading in
the commercial vehicle tire market and a low but still declining level of retreading of
passenger car tires. In Germany, approximately 70 KMT of old tires are retreaded annually
(equivalent to around 12% of the scrap tires). For the Benelux countries we estimate that 12%
of scrap tires go for retreading. In Italy, approximately 80 KMT of retreads are sold annually
(equivalent to around 20% of scrap tires). In Italy, the decline of retreading in the PC tire
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sector was particularly marked during the 1980s. In 1980, 7.5 million car and light van tires
were retreaded. By 1989, the level of retreading had halved to 3.5 million units. Over the
same period, production of retreaded tires in the CV sector fell only slightly, from 1.34
million units to 1.16 million units [EIU Rubber Trends June 1991].

Although incomplete and somewhat anecdotal, these data suggest that:

	

(i)	 Landfilling has been the domin ant mode of waste tire disposal to date.

Incineration is the second likeliest fate. Incineration with heat recovery is on the
increase, especially as political pressure to reduce or ban landfilling of tires
mounts.

(iii) Current levels of materials recycling are low and mostly attributable to the
retreading of commercial vehicle ti res. This activity is stable and may even be
slightly increasing in some countries. Passenger car ti re retreading is, however,
on the decline.

(iv) Overall, the level of materials recycling
is likely to use little more than 20% of
the scrap tire materials becoming avail-
able. Evidence from France suggests
that other forms of materials recovery
and reuse may be associated more with
mis-manufactured tires than with post-
consumption (scrap) tire wastes.

Table 12.4. Material inputs to new
tire manufacturing as a percentage
of all material inputs

Material (%)
Polymers
- Natural rubber 17.0
- SBR 15.2
- Poly-butadiene 7.0
- Butyl 3.7
- Reclaim/Powder 0.6
Cords
- Rayon 2.8
- Nylon 1.3
- Polyester 0.1
- Steel 13.1
Fillers
- Carbon black 25.8

Vulcanizing agents
- Sulfur 1.5
- Zinc Oxide 2.0
- Stearic acid 1.0
- Accelerators 1.2
Protecting agents 1.8
Oils 5.0
Others 0.9
TOTAL 100.0

12.6. Materials & Energy Recovery Poten-
tial

Tires embody valuable material resources. They are
also very energy intensive. Table 12.4 [Guelorget et
al 1993] gives a breakdown of the materials used in
new tire manufacturing. The types and quantities of
potentially recoverable materials represented by scrap
tires include elastomers and oils (57%), metals (15%),
carbon black (26%), and sulfur compounds (2%).
Since elastomers are hydrocarbon-based polymers, an
alternative to recovering elastomers is to recover the
monomer, or even to recover a sort of synthetic oil.
Recovered elastomers (or monomers) can be re-used
either within the tire sector or elsewhere. In either
case, the recycled materials would substitute for
virgin materials and would reduce the quantities of
post-consumption tire wastes.
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Table 12.5. Materials recovery potential of scrap
tires in the EU

Quantity

	

Percent- 	 available

	

age	 annually for
	Material 	in scrap	 recovery/reuse

	

tires
	

(tonnes)

Given that around 2.5 million
tonnes of scrap tires are estimated
to be available each year within the
EU, the materials recovery potential this affords is considerable (Table 12.5). As indicated
earlier, only around 20% of this potential is currently taken-up.,

12.7. Materials Recovery Technologies

The potential advantages of materials recovery, in terms of reduced disposal problems, energy
and materials savings, environmental benefits, and increased materials self-sufficiency are
considerable. A range of materials recycling technologies for scrap tires exist. The state of
development of different technologies r anges from basic R&D, through pilot testing/-
demonstration to commercial application (past and current). Our review considers:

Physical applications for whole tires;
Physical applications for parts of tires (including processes for size reduction
and splitting);
Chemical processes for recovery of materials;
Incineration processes for energy and materials recovery.

As well as describing theoretical possibilities, we draw upon case examples and experience
from both within and outside the EU. We have concentrated on actual or potential large
volume technologies at the same time trying to be comprehensive.

12.7.1. Physical applications for whole tires

Carcass recovery and retreading: Retreading/remolding is currently the best method for
recycling old tires. Retreading involves stripping the old tread from a worn tire and
reclothing the old carcass or casing with a tread made from new materials. The tire
may then be re-cured (warm retreading). High quality standards can be achieved
from both cold and warm retreading methods. The processes use only 20% of the
virgin materials used in making a brand new tire. Also, when tires a re retreaded, the
old treads are routinely sent for materials recovery (granular rubber production).

An alternative to elastomer recov-
ery is energy recovery. On average,
tires contain about 31.8 mega-
joules/kg of recoverable energy.
This is mostly embodied in the
elastomers, which have a thermal
energy content of about 47 mega-
joules/kg. This makes scrap tires a
more concentrated energy source
than coal, which averages around
21.25 megajoules/kg.

Elastomers/oil
Steel
Zinc oxide
Carbon black
Sulphur compounds

57
13
2

26
2

1,425,000
325,000

50,000
650,000

50,000
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Retreading is standard practice in the commercial vehicle segment of the market. The
main obstacles in the passenger car segment are that the poor condition of many
used tire casings force retreaders to reject many of the scrap tires they collect. This
adds to their waste disposal costs. Labor costs in retreading operations are also high.
Vulcanizers throughout the EU have been losing market share in the passenger car
segment to cheap new tire imports. In Germany, poor test results on a high-speed
remold are also reported to have adversely affected the reputation of all remolds
[EI U Rubber Trends March 1989].

Engineering applications for whole tires: Apart from retreading, other uses for whole
tires include engineering applications such as to stabilize embankments, line
channels, build offshore reefs, construct road bases and highway crash barriers, and
attenuate sound. In these cases, the physical properties of ti res offer specific
advantages. Currently, these are all relatively minor applications.

12.7.2. Physical applications for split tires and ground rubber

Many physical applications for scrap tires require that scrap tires be dismembered, split or
finely ground to a crumb or powder. Also, a significant factor in the economics of scrap tire
retrieval is freight cost. Significant freight cost savings can be achieved by increasing the bulk
density by size reduction. For these reasons, as well as because shredding is often needed for
tires going to landfill, proven size-reduction technologies already exist. Debeading of scrap
tires and splitting into continuous strips (ribbons) of uniform width are automated processes.
Machinery exists for shredding scrap tires (including the bead and steel reinforcements). Scrap
tires can also be cooled in liquid nitrogen to below their glass tr ansition temperature and
pulverized in a hammer mill. Cryogenic fragmentation of scrap rubber is a continuous
process. Shredding or chipping costs are typically around US $20 per tonne [Guelorget et al
1993].

Granular rubber: Granular rubber ("powder" or "crumb") is produced by grinding scrap
rubber using one of several processes; ambient grinding, cryogenic grinding (in
liquid nitrogen), or solution grinding in water. Each process produces powdered
rubber with different particle size. Grinding costs are estimated at US $40-$60 per
tonne. Crumb is the major material recovered by physical processing of scrap tires
and other rubber wastes. Its size varies from 12-15 mm to sub-millimeter size.
Powdered rubber has, to some extent, replaced reclaimed rubber in tire applications.
Even so, its use in blending formulae for treads, carc asses, inner liners, and other tire
elements is limited owing to its inferior physical and chemical properties. The major
current market is in carpet and sports surface manufacturing. Some is also used to
manufacture solid wheels [Burlace 1991].

The best potential large-scale reuse option would be in road surfacing applications
either as a filler for conventional asphalt or as an asphalt substitute. Following
Goodyear's discovery that liquid latex (not a waste product) can improve the
durability and traction of highway pavement, some interest has been shown in using
powdered rubber obtained from scrap tires as an asphalt filler. At a level of only 5%,
it was long since argued that the US could use all its scrap tires this way [Pettigrew
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1970]. The same would hold for the EU. A demonstration road surface, based on a
combination of materials derived from discarded bottles (finely ground glass
granules) and tire wastes, known as "glasphalt", was tested in the US and shown to
have satisfactory performance. Rubber from discarded tires, used as a binding
material, can provide greater flexibility and cracking-resistance to road surfaces. Test
results have shown that powdered rubber increases asphalt's overall cohesiveness so
that pavements do not split when roadbeds shift slightly or sink.

However, evidence from different demonstration projects has been somewhat
contradictory. In some instances, the resulting surfaces have proven to be unreliable.
Further technical work is needed to improve the technology. The major obstacle is
cost. Rubber asphalt is difficult to lay thinly so that the costs of using it as a road
surfacing material are high compared with other materials. A recent US survey
reported that the cost of rubber asphalt is double that of regular asphalt [Sweeney
1993].

12.7.3. Chemical processes for materials recovery

Several processes exist for chemically recovering the materials held within scrap tires. These
include: digester, heater and "reclaimator" technologies (to produce reclaimed rubber);
pyrolysis/tyrolysis/gasification technologies (to recover oil and carbon black); and
experimental biodegradation/fermentation technologies.

Reclamation: Reclaimed rubber is produced using mechanical and chemical processes
to sever the crosslinks of the vulcanized rubber; i.e., to partially reverse the
vulcanization. There are three basic processes; digester, heater, and "reclaimator".
Tires are most commonly reclaimed by diges tion. Scraps of rubber are prepared by
mechanical shredding. The wires and fibers are removed by mechanical separation
using hammer mills.

An alternative is to use metal chlorides to reduce the tire fibre chemically during
digesting. The scrap rubber is charged into a steam-heated pressurized tank (the
digester) along with caustic soda, oils, and reclaiming chemicals (sulfides, mercaptan,
and amino compounds). After several hours, the pressurized digester batch is forced
into a blowdown tank and is washed and dried. Compounding ingredients are added
to modify or maintain specific mechanical properties. As with powdered rubber, the
physical properties of reclaimed rubber produced from synthetic elastomer blends (as
opposed to natural rubber) are inferior to those of virgin materials. This limits the
proportion of reclaimed rubber that can be used in tire applications. The market
outside the tire sector is small.

Pyrolysis: Pyrolysis involves high temperature decomposition in the absence of air, so
that materials are separated without oxidation. Pyrolysis of tires can be used to
regenerate basic chemicals (carbon black, zinc, sulphur, steel) and oil. Work on
pyrolysis systems for tires has a long history. In the US, for example, R&D was
undertaken by Firestone in cooperation with the US Bureau of Mines as early as the
1970's. The Tosco II process pyrolysis research study was conceived to develop
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recovery equipment to maximize quality carbon black production. A pilot pl ant,
designed to handle 15 tonnes of tires per day, successfully recovered carbon black,
oil and steel. Micro-wave pyrolysis is possible and has been successfully demon-
strated.

Interest in pyrolysis increased at the time of the oil price shocks and the technology
has been developed to the point of commercial operation in several countries,
including the UK. The UK has had at least two, small-scale but commercial tire
pyrolysis ("tyrolysis") plants in operation. The technical performance was high. The
plants were able to deliver high quality (low sulphur), light oil on a reliable basis.
The main obstacle is cost. Such a process would be economic only if the costs of
virgin materials were to increase substantially.

Recently, existing coal gasification technologies have been applied to ti res. The cost
of recovered materials is higher than that of virgin materials, however. If recovered
materials are to be used to recover heat energy (rather than as feedstocks), neither
pyrolysis nor gasification can be justified over di rect incineration on direct cost
grounds.

Biodegradation/fermentation: A study at Rutgers University's Institute of Microbiology
[Nickerson 1969] found that tires could be used as a substrate for growing a yeast-
based food product by fermentation with bacteria. The food was found to be
nutritious and suitable for animal consumption. Scrap rubbers, reduced to powder by
a fungus, can also be used to condi tion poor quality soil. Another suggested use is
in water purification, since degraded rubber powder has ion-exchange properties
[Nickerson & Faber 1972]. None of these techniques is seriously suggested, although
one twist to this past work is that is shows the plausibility of using organisms
(perhaps genetically-engineered) to transform scrap tires into reusable materials.

12.7.4. Incineration for energy/materials recovery

There are two main specialized forms of scrap tire incineration for dedicated energy and
materials recovery, other than heat recovery when tires are burned in municipal incinerators.
One is to use tires as fuel within specialized facilities to raise steam for electricity generation.
The other is to use tires as fuel for cement plants using specially-built or modified kilns.

Electricity generation: The direct combustion of tires to produce heat has been widely
and successfully practiced in the US and in several European countries; e.g.
Germany and Italy. A tires-to-energy electricity generating plant has recently been
commissioned at Wolverhampton in the UK by Elm Energy and Recycling (EER).
The plant is designed to burn 94 KMT of waste tires (21% of annual UK scrap tire
generation) and generate 175,000 MWh (144,000 MWh net of internal consumption)
of electricity annually.

The plant comprises five tire furnace units, each with steam boilers and flue gas
treatment systems. The steam raised is drawn off and fed into a single turbogenerat-
or. Tires are to be burned whole. To ensure complete hydrocarbon combus tion and
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to minimis formation and release of pollutants, combustion occurs in stages with a
gradually increasing air supply. The first stage ensures complete burnout of the solid
residues. The second and third stages ensure complete burn out of the organic matter.
The final stage moderates the gas temperatures to increase ash recovery. Spent gases
from the boiler unit first pass through a bag filter house to remove and recover
particulate material, primarily zinc oxide. The gases are then cleaned to remove acid
forming compounds. Gas cleaning is by injection of a lime/water m ixture. By-
products are captured by a bag filter house. By-products from the overall pl ant,
including steel wire, zinc oxide, calcine and calcium salts, are expected to total 27
KMT annually.

Firing cement kilns: Another possibility is for tires to be used to fuel portland-cement
kilns since the cement neutralizes and contains the sulphur released during
combustion and encapsulates the other potential pollutants (including the steel). This
method for using waste ti res was pioneered in Japan and is now widely used in
Germany. In France, the method is in its infancy. In Britain, limited experience by
one producer with tire burning identified technical problems and was not economic
at a time when high demand for cement called for maximizing kiln output. The
French plant, the Lafarge plant of La Malle (Marseille), has been operating since
mid-1992.

Entire tires are introduced with the other raw materials into the furnace. This avoids
shredder costs. There is no waste: tire combustion residues including metal parts are
incorporated in the clinker. The effluent gas emissions a re reported to be the same
as from a conventionally-fuelled pl ant. It is planned to extend this technology to
other cement plants in France, providing capacity to burn 200 KMT of used
tires/year. However, there are some problems still to be overcome. Although the
existing plant has capacity to burn 20 KMT/year of used tires, it has been burning
only 10 KMT/year. The higher capital costs of the plant are offset by charging a fee
for accepting tire deliveries, and this has led to a supply shortfall.

12.8. Discussion & Conclusions

Scrap tires can be considered either as "wastes", whose disposal is problematic, or as a
"resource" from which useful raw materials and/or energy can be recovered. In recent years,
the tendency has been to regard scrap tires as "wastes" and their disposal as "problematic".
Yet, the materials present in tires were once routinely recovered for reuse by the rubber
industry. Whether scrap tires are "waste" or "raw material", is mostly a function of the price
and performance of recovered materials relative to virgin materials.

12.8.1. The current situation

The bulk of the estimated 2.5 MMT of scrap tires generated annually within the EU is consid-
ered and treated as a "waste". Evidence is incomplete but, based on data that are available,
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we estimate that less than 20% (0.5 MMT) has been exploited as a "raw material source".
This leaves more than 2.0 MMT of materials as "wastes".

Although information on the fate of this material is incomplete (and this would warrant
further inquiry) evidence from those EU countries for which we have data suggests that
perhaps only one quarter is incinerated. We can reasonably estimate that the bulk is currently
either landfilled or stockpiled. Disposal of these wastes presents potential environmental and
human health problems. It also constitutes a loss of potentially reusable materials and
recoverable energy which, if used, would reduce the draw on virgin resources (including non-
renewable raw materials such as oil, iron, and zinc) and decrease the EU's dependence on raw
material imports.

The longstanding (postwar) trend away from tire materials recovery/reuse is attributable in
part to the abundance, high quality and low price of virgin raw materials, and in part to the
rising technical standards required of tires. It is also partly due to greater use of synthetic
rubber and blends of natural/synthetic rubbers in tire making and the near-total shift to steel-
belted radial designs for passenger car tires. These trends in tire making have made basic
materials recovery more difficult and the recovered materials less suitable for reuse in high-
specification applications.

While the driving force behind these trends is primarily technological and economic, they
have been facilitated by the legal and regulatory context. This sees responsibility for the tire
and the materials contained therein transferred, together with ownership, at the point of sale.
In this regulatory context, manufacturers have had no incentive to factor "recyclability" into
tire design or to encourage patterns of use that would favor greater recyclability. Indeed, to
the contrary, they have had every incentive not to do so since longer life and/or greater
recycling would cut into sales and profits.

12.8.2. Designing a "green" tire life cycle

Decisions that currently determine materials use and end fate in the tire sector are made on
the basis of economic motivations and rationality. These result in a tire life-cycle that falls
short of maximizing material productivities and minimizing environmental disturbance. A
"green" life cycle would be fundamentally different in the following respects:

(i) Manufacturers would factor tire longevity and materials recovery/reuse potential
into the choice of materials and product design.

(ii) Patterns of ownership/usage would facilitate materials return, recovery and
reuse.

(iii) Materials would be "cascaded" down a hierarchy of economic uses; i.e., reused
several times, each time maximizing the materials efficiency of recycling and
optimizing the materials/application match.

(iv) At the end of the cascade, there would be a "final" destructive/-reconstructive
stage (incineration) for energy and basic materials recovery with minimum
environmental disturbance.

(v) R&D in the tire sector would be prioritized on a life-cycle materials productivity
improvement and environmental impact reduction basis.
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Table 12.6. Virgin materials used (tonnes)
per
100,000 km of tire service, France

% of retreads
in total
production

Average tire life (1000 km)

50	 100	 150	 200 

0 1.88 0.94 0.63 0.47
10 1.73 0.86 0.57 0.43
20 1.58 0.79 0.52 0.40
30 1.42 0.71 0.47 0.35
40 1.28 0.64 0.42 0.32
50 1.12 0.56 0.37 0.28
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Even absent new R&D [item (v) above], a "greener" tire life cycle is possible. We have
already demonstrated many physical and chemical materials recovery/reuse possibilities with
today's technologies. There are also some promising trends that could be encouraged.

Retreading is by far the most important physical reuse option both now and most probably
also for the future. Retreading is a standard aspect of materials reuse within the commercial
vehicle tire sector and is facilitated by ti re leasing arrangements between manufacturers and
haulage operators. Its greater use in the passenger car sector depends upon overcoming
perceptual barriers. The poor image of retreaded tires is generally unwarranted. EU
regulations to increase the minimum tread depth from 1.0 to 1.6 mm should result in an
improvement in the quality of scrap tire c asings. The trend toward low-rolling-resistance
passenger car tires is seen as a positive move to increasing tire longevity and an alternative
or complement to higher levels of retreading.

To illustrate the potential effectiveness of
increasing the retreading rate and/or tire
longevity we cite data based upon a
French tire life cycle study [Guelorget et
al 1993]. Table 12.6 gives the material and
energy requirements for different combina-
tions of retreading (measured as percentage
of retreaded tires by weight of total pro-
duction) and different tire service lives
(measured in kilometers) for a hypothetical
tire intended to reflect the average of
French tire production.

To manufacture 679 KMT of tires in 1991,
the French tire industry used 656 KMT of
non-carcass materials (of which 99% were virgin). The current materials intensity - the draw
on non-carcass materials for each tonne of tires produced - was therefore 0.965 tonnes per
tonne of tires produced. The overall energy intensity of French ti re production was estimated
to be 2.59 tonnes of "oil equivalent" per tonne of tires produced. Given the split between
passenger car and truck tires (a ratio of approximately 4:1) and the current average
kilometrage of each (50,000 km. for PC tires and 250,000 km. for CV tires), the current
service life of the average French ti re was estimated to be 90,000 km.

If the current level of CV tire retreading in Fr ance (over 50%) was matched within the PC
sector, the overall materials requirement of the French tire industry would reduce by 35%.
The energy requirement would drop by an equivalent percentage. If the average retreading
rate was to remain at the current (10%) level, but the average service life of tires was
increased to 180,000 km., the materials and energy requirement would be halved. A combina-
tion of more modest changes (say, a 40% retreading level and a 150,000 km. average tire life,
would yield materials and energy productivity gains of 230%.

Apart from retreading, which is the optimum reuse option for scrap tire materials within the
tire sector, there is enormous potential scope outside the tire sector for using granulated
rubber in road construction. Using ground rubber as an asphalt additive or substitute is a
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major potential volume use for materials no longer suitable for reuse in the tire sector. The
ability significantly to reduce the cost of crumb could open wider markets. There is need to
improve crumbing technology and to identify the most cost-effective methods.

A range of chemical processes can be applied to decompose tires and recover basic raw
materials. The principal disadvantage in chemical recovery is that the recovered materials are
generally inferior to the virgin counterparts and not directly substitutable in all applications.
This is the case for reclaimed rubber and for carbon black. In the latter case, inferiority is a
particular disadvantage since the market for carbon black is almost exclusively back in the
tire sector [Gerstle et al 1977]. In the case of oils, valuable mostly for their energy content,
the heating value could more easily be recovered by di rect tire incineration. This reduces the
value of a chemical recovery process under usual circumstances. An unlikely excep tion might
be if liquid fuels or oil feedstocks were in particularly short supply. Although pyrolysis is
technically feasible, a UK study was unable to identify any commercially successful system
[Burlace 1991]. Gasification to produce fuel gas offers a more satisfactory approach, though
the reservation (that direct incineration is a better energy recovery method) still applies.

The trend towards incineration in cement kilns (Germany, France, etc.) and the new tires-to-
energy generating facilities in the UK a re positive steps away from landfilling and
uncontrolled incineration, neither of which deliver an economic return on the materials and
both of which impose an environmental burden. The materials/energy recovery perform ance
and environmental compatibility of alternative dedicated tire incineration methods needs to
be assessed and the quality (i.e., further reusability) of the materials burned monitored. The
potential for burning non-tire rubber waste, including wastes from non-tire uses of materials
formerly embodied within tires (e.g., rubber mats, rubber-backed carpets, and even asphalt
waste) needs to be assessed.

In general, physical methods of reuse are to be preferred if there is a high economic value
and a reuse possibility for the structural properties of tires, which represent a value that was
added to the raw materials through the tire fab rication process. The "structural information"
content of scrap tires is achieved at an economic and environmental cost. The best possible
economic return on this investment should be secured. Increasing tire longevity is the simplest
route, and should be encouraged as the complement to recycling. The reuse of whole or part
tires (e.g., by retreading) should be the preferred (first order) recycling op tion. Chemical
processes for recovering raw materials, which involve both the loss of existing "structural
information" and further "investment" to create new "structural information" (implicit both
in the "breaking down" and "rebuilding" phases of materials recovery and refabrication),
should then be considered as second order op tions. Incineration can be considered among
these second-order options as a chemical process with potential to exchange structural
information of organic materials for heat energy.

12.8.3. Implementing a "green" tire life-cycle

The chief obstacles to implementing a "green" tire life cycle are economic, institutional, and
perceptual rather than technological. Economic factors include, especially, the relative
price/performance ra tios of virgin and recovered materials and the intensely competitive
nature of the tire industry. The industry has high fixed costs and low margins and is one
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where producers' operating strategies therefore emphasize volume sales. Market share is
critical. A high percentage of production (ca. 40%) is for new vehicles. But margins in this
"original equipment" (0E) market are low and sometimes even negative. Tire manufacturers
usually enter into limited term supplier contracts with vehicle manufacturers. A large OE
volume reduces average production costs. Profits a re then made in the replacement market.

However, competition here has intensified recently owing to freer inte rnational trade, which
has brought Far Eastern and East European products into EU markets. Tire "performance" is
used to differentiate the market. At the upper end of the market, market share and price
premiums depend heavily upon brand name and reputation. The industry is, therefore,
generally risk averse, especially if risk threatens potential loss of customer confidence or the
product's image. Tire safety is a priority. At the lower end of the market, cheap new tire
imports have tended to displace locally made retreads and remolds.

At both ends of the market, these trends conflict with the idea of greater materials recycling
and reuse within the tire sector. To "green" the ti re life cycle would therefore depend upon
establishing a different - an "enabling" - economic, regulatory and market context. Conditions
would need to be created to favor materials recycling/reuse, stimulate collaboration between
those concerned with different parts of the tire life-cycle, and facilitate R&D to improve the
available range of materials recovery/reuse op tions.

Fiscal measures could include taxes on virgin materials or subsidies (direct or indirect) on the
recovery and reuse of materials. R&D could be targeted to receive subsidies. Following past
practice in some US states, R&D might be partly financed through taxes on new tire sales.
Non fiscal measures might include "take-back" legislation to make manufacturers liable for
final disposal. Coupled with increased charges for scrap tire disposal, this would have a
powerful influence over tire design, choice of materials, and marketing strategy. It would be
a strong incentive to increase tire longevity.

In turn, this would encourage a shift toward tire-leasing arrangements whereby manufacturers
would sell "tire service" rather than tires. In the case of continuing with present tire marketing
arrangements (i.e., selling rather than leasing), enforcing the newly increased minimum tread
depth requirement would result in more tires being returned in a condi tion suitable for
retreading. More generally, a system of mandated refundable deposits on purchases would
discourage fly-tipping and ensure responsible decision making about further use or final
disposal. Deposits could also be used to subsidize the costs of scrap tire collection and
delivery to materials/energy recovery facilities.
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Endnotes(12)

1. We acknowledge with thanks an earlier student paper (cited several times in the text, based on work by Yves
Guelorget and Veronica Jullien, who were then students at the École des Mines, Fontainebleau, masters degree
program in environmental management. Their original paper was done for credit as part of their course work.
It was subsequently extended and modified in some ways by the author (PMW) and published jointly with them
as a CMER Working Paper, under the title "A Life Cycle Analysis of Automobile Tires in France". The present
chapter borrows significantly from that work, though it focusses much more on the recycling issue.
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