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1. Introduction
1.1. CFRP products
Carbon fiber reinforced polymers (CFRPs) are becoming increasingly more ubiquitous
in our daily lives. CFRPs are composite materials, consisting of carbon fibers with high
mechanical capabilities and a formative polymer matrix.
The production process of carbon fibers is complex and energy intensive, thus making
CFRPs more expensive than comparable metal materials. The advantage of CFRPs
lies in their weight; metal materials of the same properties weight up to five times as
much. This makes CFRPs especially valuable in areas, where weight and cost directly
correlate, but high mechanical properties are still essential. Historically CFRPs first
emerged as a high quality material in aerospace engineering as a metal replacement and
soon found their way into high-performance mechanical engineering. As illustrated
in Figure 1, technical sectors like aerospace engineering or wind energy still form the
biggest carbon fiber market. The market however is diversifying and in 2014 already
a quarter of the annual CF production went into automotive engineering, sports and
hobby products.[11]
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7%

Waste Incineration

Sport and hobby 6,4
14 %

Aerospace enginering
including defense 13,9
30 %

Wind energy 6,7
14 %

Figure 1:

Global CF-needs in 1,000 tons by fields of application

Source: Kühnel, M.; Kraus, T.; Witten, E.: Composites-Marktbericht 2015. AVK – Industrievereinigung Verstärkte Kunststoﬀe
e. V. und Carbon Composites e. V., 2015

For both, industry and consumers, CFRP are associated with high quality materials. The
continuous development of new fields of application and increasing gain of foothold
in already established fields predicts a further growing trend. Carbon Composites –
a network of Companies and research institutes, active in the field of high-performance
fiber compounds – projects, as shown in Figure 2, more than a doubling of annual
production until 2020. [11]
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An inevitable consequence of the rising demand, is an ever increasing amount of CFRPwaste. The high-energy production process and thereby high production costs make
a reuse of CFRPs, or at least of the expensive fibers, economically attractive. Despite
numerous approaches, no economically sustainable recycling process has been found
yet, to regain fibers that rival virgin fibers in terms of mechanical qualities. Via stateof-the art recycling methods, fibers of about 70 percent tensile strength – compared
to newly produced fibers – can be obtained. While the high performance industry and
aeronautic engineering require larger building compounds with fibers of impeccable
quality, the newly developing fields of sports, hobby and lifestyle products offer a
viable field of application for shorter recycled fibers with weaker mechanical properties.

1.2. CFRP production
Carbon fibers are synthesized on basis of organic polymer structures. Depending on the
source material, the fibers contain different amounts of carbon and therefore different
mechanical and electrical properties. The first carbon fibers were based on cellulose and
produced via pyrolysis. Different carbon sources, like pitch or specifically synthesized
polymers are also possible. Due to the high achievable purity and thereby best possible
mechanical and electrical properties, the majority of carbon fibers today are based on
polyacrylonitrile (PAN). [5] It should be noted, however, that polyacrylonitrile is a
substance made up purely of acrylonitrile monomers (C3H3N), but inherently brings
unavoidable impurities. During the production of polyacrylonitrile, co-monomers,
such as methyl acrylate are added to improve the solubility in the solvent, while the
fibers stability is improved via stabilizers like itaconic acid.

Cyclization

Dehydration

HCN

C: 98 % by mass
N: 1-2 % by mass
H2: 0.5 % by mass

Figure 3:

Synthesis scheme for carbon fibers

Source: Frank, E.; Steudle, L.M.; Ingildeev, D.; Spörl, J.M.; Buchmeiser, M.R.: Carbonfasern. Präkursor-Systeme, Verarbeitung,
Struktur und Eigenschaften, Angew. Chem. 126, 2014, pp. 5364–5403
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The synthesis of carbon fibers is illustrated in Figure 3. In this example PAN is used as
source material and first dehydrated and cyclized in order to gain a precursor fiber. The
fibers are then oxidized at temperatures up to 300 °C and subsequently pyrolyzed at
temperatures up to 1,600 °C. During pyrolysis the volatile components are eliminated
from the fibers. Aside harmless volatiles like water, nitrogen and oxygen, volatiles with
a risk potential are formed. These include hydrogen, carbon monoxide, ammonia and
hydrocyanic acid. After pyrolysis, the fibers consist of about 98 percent carbon. Due
to the high amount of nitrogen in the source PAN, the fibers still contain a significant
amount of nitrogen, even after the high temperature treatment. [5]
Afterwards, depending on the desired material properties, fibers can undergo graphitization. In this step, the materials are heated up to 3,000 °C under exclusion of oxygen.
This causes a loss of tensile strength, but yields higher elastic moduli. Table 1 shows the
physical properties of different obtainable carbon fiber types in comparison.
Table 1:

Physical properties of different carbon fiber types

Density
E-Modulus
Tensile strength
Carbon fiber type				
g/cm³
GPa
MPa

Elongation
at break
%

HT (Standard elastic modulus)

1.74 – 1.80

200 – 250

2,700 – 3,750

1.20 – 1.60

IM (Intermediate elastic modulus)

1.73 – 1.80

250 – 400

3,400 – 5,900

1.10 – 1.93

HM (High elastic modulus)

1.76 – 1.96

300 – 500

1,750 – 3,200

0.35 – 1.00

HST (High strength and tenacity)

1.78 – 1.83

230 – 270

3,900 – 7,000

1.70 – 2.40

HMS (High modulus/high strength)

1.85

550

3,600

0.65

UHM (Ultra high elastic modulus)

2.0

560

1,850

0.4

Source: Kirsten, M.; Freudenberg, C.; Cherif, C.: Carbonfasern, der Werkstoff des 21. Jahrhunderts. In: Beton- und Stahlbetonbau
110, 2015, pp. 8–15

It is important to note, that the high strength of carbon fibers originates in their
anisotropic structure. This also means, that while high e-moduli in fiber direction up
to 900 GPa can be obtained, the e-moduli in traverse direction reach values up to only
15 GPa.[7] The anisotropic nature is based on the fibers chemical structure. The fiber
consists of graphene layers that are oriented parallel to the fibers longitudinal axis. Graphene forms, within a layer, strong covalent bonds responsible for the high mechanical
properties in fiber direction. The layers themselves are, however, only held together by
significantly weaker van-der-Waals forces. This is especially prevalent for HM fibers,
produced by graphitization with temperatures about 3,000 °C. The high temperatures
lead to the formation of near perfect graphene layers with no traverse bonding. [14]
In contrast to the high tensile strengths, the compressive strengths of carbon fibers are
limited. When compressed, the graphene layers glide past each other. This can lead to
a fiber-failure even for small forces. [13]
Fibers are brittle in their virgin state and therefore cannot be transported of stored
without risking damage. To counteract this and allow easier processing, the fibers are
covered in sizing straight up following their production. To make the sizing bond to
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the fibers, they first have to undergo oxidizing surface treatment. Chemical as well as
electrical oxidation methods are commonly used. The activated fibers are then added
to a solution of the respective sizing.

Further production depends highly on the field of application. The anisotropic properties make compounds with unidirectional fibers strong and durable in fiber direction, yet weak to traverse forces. For many compounds this is countered by weaving
perpendicular patterns of fibers before encasing them in a matrix.
Generally, for compound production, the fibers are spread in the desired form and crosslinked with a polymer matrix. Depending on the fibers direction and arrangement the
compounds are classified as follows: Rovings are fiber bundles consisting of multiple
single fibers. Clutches are fabrics made up of unidirectional fibers, while tissues are
fabrics made of perpendicularly woven fibers. Fleeces are made of disordered fibers,
therefore gaining the least profit from the fibers mechanical properties.
The matrix bonds with the carbon fibers’ sizing. Dependent on the desired properties
a broad variety of thermoplastic and thermoset matrix materials are possible. Thermoplastic matrixes like polypropylene, polyamides or polyether ketones are commonly
used for short fiber compounds. The polymers in thermoplastic materials form linear
macromolecules, resulting in lower melting points and thereby good reformability and
weldability. Thermoplastics don’t need curing times after reformation and are usable
right when re-solidified. Thermoset matrixes on the other hand provide higher mechanical stability, higher temperature resistance, a notably lower moisture absorption
and lower costs. Examples of thermoset matrixes include unsaturated polyester resins,
phenolic resins and most commonly epoxy resins. [11, 12, 17]
Epoxy resins are characterized by their close-meshed chemical cross-linking and the
resulting high stiffness, strength and good thermal and chemical resistance thus making them ideal matrix materials for CFRP components. Different epoxy resins offer
a variety of mechanical, physical and chemical properties, such as abrasive or thermal
resistance, chemical inertness or further increased stiffness. A combination of bisphenol
A and epichlorhydrin is most commonly used, making up 85 percent of commercially
used epoxy resins in CFRPs. [1, 12, 17]
Depending on the processing, CFRP compounds are additionally classified, depending
on their matrix treatment. Fibers with no or little matrix, to be used as roving, are
labelled Dry Fiber. Fibers encased in an uncured matrix are labelled prepreg. Prepreg
materials are still formable and can be stored at Temperatures below -18 °C for months.
While they harden at room temperature within about a month, this process can be
accelerated by heat and pressure. For increased requirements, multiple layers of carbon fibers can be conjoined or glued together to form compounds labelled laminates.
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Various sizing materials are in use, largely depending on the future application intended for the fiber. Commonly polymer resins are used, often the same resins intended
as matrix for the final CFRP products. After sizing the fibers display no more brittle
behavior, can be bend, rolled onto coils, stored and transported.
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With a growing market of products with a long yet finite lifetime and unrivalled mechanical properties, prevention from the viewpoint of waste management seems impossible.
Undamaged CFRP components can be reused for the same purpose again and again,
since carbon fibers are resistant to corrosion, aging and material fatigue. [6, 16, 17]
Within the EU, CFRPs make up a waste stream of about 3,000 tons per year, majorly
consisting of production wastes of primary productions. Depending on the production
process, between ten and thirty percent of introduced materials accrue as waste in form
of blend or failed batches. This leads to three major factions of carbon fiber wastes from
production: carbon fibers not yet introduced into a matrix, carbon fibers introduced
into a yet uncured matrix, and waste components, either end-of-life, production based
blend or production rejects, with a cured matrix. [14]

2.1. Fiber recycling
Decisive for the reclamation and reuse of carbon fibers, is the matrix material. A thermoplastic matrix allows the direct reformation of a component simply by heating and
reforming making recycling technically unchallenging and economically feasible. Thermoset matrix materials by contrast cannot be reformed, once cured. They do however
offer increased material properties and better overall stability. Since, for the majority
of CFRP uses the material stability is of higher interest than easy reformability, most
CFRPs consist of a thermoset matrix.
While the thermoset properties reinforce the desired material properties of CFRPs,
they also offer higher challenges towards recycling approaches. A thermoset matrix
cannot be reused, so the focus of recycling lies on reclaiming the fibers. Due to the
high variation of matrix materials, a unified approach, suitable for every CFRP is hard
to imagine. The main approaches lie within solvolysis and pyrolysis, both with their
respective challenges.

2.1.1. Mechanical recycling
During mechanical recycling, the blended fibers, prepregs, EOL- and reject components are crushed and chopped by shredders, mills or breakers. This process doesn’t
inherently separate fibers and matrix, although processes to separate matrix-rich and
fiber-rich fractions via cyclone have been proposed. [14] The CFRP particles obtained
from this processing can be added to new compound materials as filler materials. A high
varietal purity of the starting material is imperative for this form of recycling. In any
case, from the viewpoint of the introduced fibers, this process is a severe downcycling.
The obtained materials mechanical properties are far inferior to the starting materials,
fiber lengths are shortened and cannot be increased again. Overall this process isn’t
economically viable. [14, 19]
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2.1.2. Solvolysis

The resulting fibers are commonly well exposed with little residue and offer a high
quality. Still, they are usually contaminated with the applied solvent and show inferior
fiber-matrix coupling capabilities [4]. Despite in theory offering a process to obtain clean
fibers and a certain reusability of matrix materials, the processing isn’t economically
used in industrial scale in Europe up to date. This is largely due to clean-up processes
resulting in hazardous waste-water and most matrix materials requiring unique process
parameters and solvents. [4, 13, 17]

2.1.3. Thermal recycling
As below (chapter 2.2.) illustrated, thermal treatment in oxygen-containing atmospheres
causes the fibers to at least partially burn. This leads to damages within the fibers and
reduces their overall quality. The aim of pyrolysis is the thermal decomposition of the
matrix in an oxygen-free environment, thereby exposing and sparing the fibers. During
pyrolysis the macromolecular matrix is converted into pyrolysis gases, mainly carbon
monoxide, hydrogen, methane and other, mostly short chained alkanes. The pyrolysis
gases can subsequently be incinerated and utilized to fuel the pyrolysis process.
While different fiber types generally behave differently when subjected to high temperatures, thermogravimetric measurements show no weight loss of pure fibers during
pyrolysis even for prolonged dwell times. Thermal damage of those fibers during
pyrolysis can therefore be expected to be minimal. This further corresponds to the
fibers being produces under pyrolytic conditions in the first place, with most fiber
types having previously endured temperatures up to 3,000 °C.
The matrix polymers however don’t fully decompose into only gaseous components,
but rather leave solid residues, such as char, soot and other carbonate. Due to these
carbon residues pure pyrolysis products are stiff, brittle and hard to separate without
damaging them. A high quality reuse of fibers seems therefore impossible. In order to
free the fibers from their carbon crusts, the pyrolysis products can then be subjected
to a short time exposure of oxygen at higher temperatures. The oxygen oxidizes the
carbon residue and exposes the fiber. Alternatively, a certain low percentage of oxygen
can be directly introduced into the pyrolysis process. While both methods are effective
at reducing the carbon crusts, both also damage the carbon fibers. The resulting fibers
have tensile strengths of about thirty to eighty percent compared to virgin fibers. [19]
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The aim of solvolysis is splitting the matrix material into liquid or gaseous components
via reaction with a liquid solvent, thereby exposing the carbon fiber. The macromolecular compound thereby splits into short chain hydrocarbons. Common for solvolysis
processes are supercritical fluids, therefore requiring high pressures and temperatures.
The process always requires external energy to be added. Depending on the matrix,
the dissolved plastic could be reused for further chemical processing. The fibers are
washed, dried and also further processed. The solvent requires refining before reuse.
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Figure 4 shows scanning electron microscope recordings of fibers, treated thermally
under different conditions. The dwell times during pyrolysis and under oxygen containing atmosphere are of great influence. The matrix decomposes when a certain
temperature is reached. While oxygen treatment helps to reduce the carbon residues, a
short dwell time in oxygen containing atmospheres isn’t sufficient to expose the fibers
completely (Figure 4, left). A higher dwell time in oxygen containing atmosphere can
remove the carbon residues, but will result in fibers with reduced tensile strengths and
thereby lower quality (Figure 4, right).

Figure 4:

SEM recordings of prepreg CFRPs after mechanical processing and treatment in
different thermochemical environments; left: 40 minutes pyrolysis at 670 °C and subsequent 5 minutes of oxidation; middle: 90 Minutes of pyrolysis without oxidation;
right: 40 minutes of pyrolysis at 670 °C and subsequent 20 minutes of oxidation

Aside from the fibers degree of exposure and tensile strength, the fiber length is another
important factor for evaluating the quality. Virgin fibers are produced as endless fibers.
Processing and cutting during production as well as mechanical and thermal processing after completing their intended lifecycle means, that only fibers with reduced
and finite lengths can be obtained from any recycling process. Many of the desired
mechanical properties however directly result from the fibers length, meaning only
lower quality products can be obtained from shorter fibers. Figure 5 shows common
products of pyrolytic processing. Fibers with lengths up to 100 mm can be woven into
fleeces with low mechanical properties. [3] Depending on the procedure the resulting
materials, especially short fibers with lengths of up to 120 µm, are milled and used as
filler material, insulation or pressed into pellets.
Even if fiber lengths reductions can be minimized during processing, the fibers will be
subject to cutting when producing new components. If it were possible to keep fibers
undamaged throughout the recycling process, the fiber lengths inevitably get shorter
and shorter with each life cycle. A suitable analogy would be paper recycling: The
fibers are reused depending on their lengths into products of decreasing quality with
each life cycle. No matter how good the recycling processes become, there will always
be end of life fibers, too short for further material use, that have to be either thermally
utilized or be disposed of.
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Figure 5:
Source:

Recycling CFRP products; upper left: cut and milled fibers; upper right: rCFRP pellets;
lower left: rCFRP fleece; lower right: cut fibers

CFK-Recycling Film der CFK Valley Stade Recycling GmbH & Co. KG

2.2. Thermal disposal
In Oxygen-containing atmospheres, carbon fibers and the common matrix materials
burn completely. Figure 6 illustrates the behavior of a Carbon fiber bundle with rising
temperature under synthetic air. Oxidation for this specific fiber type starts at 585 °C
and accelerates with rising temperature. In waste incineration plants, contact with
temperatures of at least 850 °C for two seconds is mandated by law. While the temperatures in common waste incineration plants are sufficient for the decomposition of
carbon fibers, the dwell time is another crucial influence parameter.

Figure 6:

570 °C

585 °C

600 °C

620 °C

630 °C

650 °C

Heating-microscope recordings
of a carbon fiber bundle with
rising temperature (synth. Air)

Wagman et al. [18] evaluated the effects of different temperatures and dwell times on
certain CFRP compounds. Their research showed some fibers being damaged at dwell
times of one minute in 1,000 C, while other CFRPs remained largely undamaged even
after more than twenty minutes of dwell time at 1,000 °C.
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CFRPs collected with municipal waste are produced with a wide variety of different
fibers and matrixes, thereby making all-encompassing statements near impossible. For
an overview of thermal behavior different CFRP wastes exhibit, four CFRP species of
different makeup and from different production processes were examined under a
variety of thermal parameters. The input materials are shown in Figure 7.

Material A – prepreg

Material B – prepreg

Material C – dry fiber

Material D – laminate

Figure 7:

Input materials for thermal conversion experiments

Material A is an omnidirectional clutch of fibers impregnated into a cured matrix. The
sample was taken straight from the production without additional processing. Material B, again a prepreg material was shredded before utilization. Plastics residue was
removed, as well as other inhomogeneous substances such as clots and ball of thread.
Material C is a dry fiber blend of untreated fiber tissue. Material D is a laminate of a
structural component.
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Those materials were subjected to thermal treatment at temperatures from 600 °C upwards with dwell times from 10 to ninety minutes. As shown in Figure 8, mass losses
at 600 °C are heavily dependent on dwell time. The temperature is sufficient to start
a decomposition of the respective matrix materials, resulting in a fast weight-loss of
about thirty percent for the materials other than dry fiber, while at longer dwell times,
a slower decomposition of fibers can be observed.

Waste Incineration
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Figure 8:

Material B

Material C

Material D

Mass losses of materials A through D at 600 °C in air
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Figure 9:

Material B

Material C

Material D

Mass losses of materials A through D at 800 °C in air
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Increasing the temperature to 800 °C minimizes the dwell time’s effect as shown in
Figure 9. Still even after ten minutes, the carbon fiber compounds haven’t fully been
decomposed. Dry fibers, again, show the highest resistance to thermal decomposition
of all four chosen materials. This behavior was reproducible for all conditions and might
suggest an influence of matrix decomposition on the carbon fibers decomposition.
For further evaluating the fibers decomposition behavior the remnants of those experiments were microscopically scanned at magnifications up to 5,000 x. For all experiments
and all materials, the matrix was visibly decomposed. Even at lower temperatures, small
impairments in the fibers integrity could be found, even though the fibers themselves
were largely intact. The impairments start at seemingly random locations somewhere
on the fiber, most likely at chemical weak points within their structure, and begin
expanding along the fibers axis, forming oval holes as shown in Figure 10.

10.00 µm

Figure 10:

Oval damage on a carbon fiber of
material A (prepreg) at 800 °C

With rising temperatures these impairments become more and more prevalent,
eventually overlapping. It is interesting to
note, that the fiber decomposition favors
expanding those holes over generally
reducing the fibers diameter as would be
expected. Fibers that suffered near fatal
damage in certain parts, still show areas,
largely unaffected by thermal decomposition. Figure 11 shows a dry fiber, severely
damaged in the middle and right area of
the picture, while the left part appears
largely unharmed.

10.00 µm

Figure 11:

Dry fiber of material C after 10 minutes treatment at 900 °C in air

Understanding this thermal behavior helps explain one of the biggest challenges thermal treatment of CFRPs offers. The fibers don’t simply burn out, but rather shatter into
smaller fragments, then carried out of hot zones via thermal convection. According
to the German Luftwaffe, above temperatures of 650 °C the fibers form a particle dust,
which can pass the airways unhindered and enter lungs. The Luftwaffe sees a potential
of these fiber fragments, to be harmful to human health. [8] This fragmentation can
be observed in Figure 12.
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10.00 µm

Carbon fiber fragmentation of material C (dry fiber) at 900 °C in air

In addition to their potential health risks, the small fiber components retain their electrical conducting capabilities. The fiber fragments are light enough to be carried out
with the flue gas and can cause electrical failures in the gas treatment installations, thus
disabling the whole incinerator. Electrostatic precipitator common in waste incinerators
as well as measurement and control technology in general are commonly subject to these
conductivity-induced problems. Due to these behaviors German waste incineration
plants do not accept CFRPs as mono fraction anymore. [2, 15] The refusal to accept
CFRPs works for industrial waste, but the increase in lifestyle and hobby products leads
to expectably higher amounts of CFRP end-of-life products in municipal wastes. The
establishment of collecting possibilities for CFRP wastes in recycling centers, as done
for example with electronic scrap, would be advisable. This way the CFRPs don’t enter
waste incinerators via municipal waste, and components could be sorted and brought
to the suitable treatment facilities, depending on their specific makeup.
According to a report on carbon fiber disposal, there is currently only one hazardous
waste incineration plant in Germany processing CFRPs, making a thermal utilization
possible, but complex and expensive. [2] Additionally the small fiber fragments have
been found in ashes of special waste incineration plants, indicating a resistance to even
the high temperatures prevalent there.

3. Alternative Approaches
Due to the Problems CFRPs cause in established disposal methods and the ever growing
streams of CFRP wastes, it is imperative to develop alternative treatment methods.
This is especially important, since prevention of any form of downcycling will be impossible even with advanced future methods of processing. As a result, a technically
safe, indemnified disposal is absolutely necessary. The European waste directive und
the German KrWG requires, that energetic utilization is preferable – step 4 of waste
hierarchy – if a material utilization is no longer possible or feasible. [10]
The incineration of carbon fibers calls for high temperatures, safety standards and
enclosed reaction chambers as well as long dwell times. Generally, these conditions are
met in cement works rotary kilns, or metal blast furnaces. With CFRPs leaving – with
the right process parameters – no solid residues after incineration, it would be possible
to integrate the CFRP disposal into these production processes without influencing
233
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Figure 12:

10.00 µm
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the processes and the product qualities. Thereby the chemical energy contained in
the fibers can be utilized to fuel the energy intensive industrial processes. Before this
can be undertaken however, it remains to be proven, that fiber fully combust in the
respective industrial plants, and no small fiber components can escape and result in
technical errors or contamination of products.
In order to further explore the options of CFRP disposal, the German Federal environmental agency UBA has initiated a research project (UFOPLAN). Within this project
the borders and possibilities of CFRP disposal, as well as risks and safety issues when
handling CFRP shall be investigated and analyzed on the basis of experiments in industrial plants – cement kiln, WtE, hazardous waste incinerator.

4. Conclusion
Carbon fiber products, especially Carbon fiber reinforced polymers are a growth market.
The development of possible applications, high acceptance of the materials among the
public and a growing interest in CFRP lifestyle products indicates foreseeable growth
in production volume.
The established waste processing procedures, landfilling and waste incineration (WtE),
are legally and technically challenging and not applicable in current state of the art.
Furthermore, there exists no current economically viable process for fiber recycling,
that doesn’t diminish the fiber quality.
In order to recycle CFRPs, fiber exposure is imperative. Pyrolysis transpires to be the
most economical way. Pure pyrolysis however leads to the fibers being encased in carbon residues and incapable for further high quality processing. The removal of those
residues, by means of oxidation, goes hand in hand with a reduction of fiber quality,
since oxidation also damages the fibers themselves.
The recycled materials quality is furthermore dependent on the fiber lengths. While
virgin fibers are produced as endless fibers, recycled fibers always have a finite maximum
length that further diminishes with each cycle. Short fiber compounds possess inferior
mechanical properties but can find appliance in fields where mechanical properties
aren’t an issue, like hobby and lifestyle articles.
Fibers are often tailor made for selected purposes. Recycled fibers from undocumented
waste intake cannot effectively be recycled, if multiple fiber types are present in the
process. Pre-selection and sorting are key factors for effective recycling.
Even perfect recycling causes fiber shortening and fibers below a certain length have to
be processed thermally. Separate public collecting possibilities for CFRP-components
from non-industrial sources, such as lifestyle and hobby products would be advisable,
in order to prepare for an increased waste stream from these sources and disburden
municipal waste incinerators.
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