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FROM RECYCLED POST-CONSUMER WOOD
TOWARDS PRIME QUALITY PARTICLEBOARD

This paper gives an detailed review of literature concerning the problems of wood waste man-
agement in Ukraine, and, in particular, the effects of treatment of hazardous wastes as well as the issues
of recycling post-consumer wood (PCW) in Ukraine as alternative raw material resource for manufactur-
ing particleboard (PB). Today recycling is the most environmentally friendly method of managing wood
waste. A large proportion of the wood waste generated consists of used furniture and other constructed
wooden items, which are composed mainly of PB, a material which can potentially be reused. The rising
cost of raw materials, ever more restrictive and tough legislation about waste disposal, and the fierce
competition between PB manufacturers has led to the increasing use of recycled wood. It is possible to
use any source of recycled wood to reduce raw material costs by between 40-70 % and the resulting
boards will have even surfaces and post-soft formable core layers. Recycled wood has a moisture content
of around 20 % compared to the 60-70 % moisture in virgin wood, so it makes economic sense to buy
recycled wood chips, also, it has longer service life and consumes less energy during processing opera-
tions. Technological advances in wood recycling equipment and machinery have also increase pro-
cessing efficiency and made it more economic. The latest wood shredders are capable of processing over
30 tons an hour, and are often fitted with over-band magnets, eddy current separators and trammel
screens. A great deal is being done currently to identify and remove contaminants to further improve the
quality of the recycled chip. It was found that boards will be lighter, have excellent mechanical proper-
ties, be easier to process and that wood and glue consumption will be greatly reduced. There are ad-
vantages apart from the obvious one of being a sustainable alternative to using virgin timber. The in-
creasing cost of raw materials and the escalation of competition in both quality and price of wood- based
panels oblige board manufacturers to rapidly introduce this innovative technology.

Keywords: post-consumer wood, recovered wood, waste wood, particleboard, wood prepara-
tion, recycling, waste management, assignment waste wood, wood-based panel manufacture.

Introduction. The demand for wood composites from waste wood has been in-
creasing as timber resources in natural forests decline. The use of renewable biomass as a
raw material in composites production was one approach and the use of renewable bio-
mass may result in several benefits such as environmental and socioeconomic (fig. 1).

Today renewable biomass are mostly accepted as waste materials and are mostly
ploughed into the soil or burnt in the field. According to the end uses of wood-wastes
and their possible reuse products, PB has found typical applications as flooring, wall
and ceiling panels, office dividers, bulletin boards, furniture, cabinets, counter tops, and
desk tops, and it seems that the manufacture of PB from recycled wood-based wastes is
the most common way to reuse such waste materials. The PB is a panel product manu-
factured under pressure from particles of wood or other lignocelluloses materials and an
adhesive. PB has been widely used throughout the world for furniture manufacture and
house construction, including flooring systems, etc. Recently, the demand for the PB
has continued to increase for housing construction and furniture manufacturing.
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A literature search was conducted to establish the “state-of-the-art” with respect to the
use of recycled furniture waste to provide second generation building materials. Unfortunate-
ly a search of such a specific nature often results in few articles pertinent to the topic, but will
provide considerable associated information; such was the case with this search. As can be
appreciated the types of materials used in construction within the furniture industry are very
diverse and include metals, plastics, textiles, plaster and wood based materials. Science like-
wise has a wide range of waste materials but it is only the wood based panels that we are
concerned with in this current research. Our search disclosed numerous articles relating to
the application of waste materials for use in producing panel products. However, very few of
these articles refer to panel waste or waste furniture recycling. We will mention briefly the
current situation regarding some uses of waste paper and waste wood as resource materials
for the production of panel products. This literature is vast and varied our comments will be a
“cameo” merely to put our search in perspective.
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Fig. 1. Recycled biomass

Literature Search — the need to recycle wood. The word “waste” projects a vision of
a material with no value or useful purpose. However, technology is rapidly evolving that holds
promise for using waste wood and waste paper to make an array of high-performance compo-
site products that are in themselves potentially recyclable. Today’s rapid technological growth
has led to dangerous degradation of the environment, which constitutes a serious threat for up-
coming generations. Environmental pollution, the reduction in natural resources and the gen-
eral disturbance of the ecological balance constitute problems that should be taken into serious
consideration by our society [29]. The increase in CO> and CH4 emissions, resulting from the
over-consumption of fuel, from forest fires and from the decomposition of waste, are, to a
large extent, responsible for the ‘greenhouse phenomenon’ which involves overheating of the
planet and extreme meteorological and climatic events [20].

In order to prevent such events, many countries from all over the world agreed to sign
the Kyoto protocol, with the result that by the year 2010, there should be a decrease in green-
house gas emissions of 8 % compared with 1990 levels [28]. Apart from the factors already
mentioned, the carbon balance on earth is also considerably influenced by photosynthesis. For-
ests, via photosynthesis, absorb large quantities of CO> from the atmosphere and as a result
they constitute an enormous natural carbon reservoir with an important role in regulating the
“greenhouse phenomenon” [24]. The crucial contribution of forests to the ecological balance
also arises from the fact that they facilitate water storage, they are great recreation areas and, of
course, they provide wood, a valuable raw material used in the manufacture of furniture and
many other products [19]. Changes in economic and demographic growth, combined with the
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many advantages of wood compared with other construction materials, have resulted in an in-
crease in demand for wood worldwide combined with an increase in the generation of wood
waste (fig. 3). Nevertheless, wood waste can potentially constitute a valuable resource for the
production of various materials and products [13, 40].
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In the Ukraine, about 13 mio. tons waste wood and over 5 mio. tons are either
discarded or diverted from recycling by burning or some other low value use [20, 18,
14]. Other wood waste from new construction and demolition projects amounted to 0.6
and 2.0 tons, respectively [13, 15]. Taken collectively, these materials represent a sig-
nificant resource base from which many different composite products can potentially be
made. The most relevant achievements of this research were reached in the following
areas of interest: management of recovered wood; amounts of recovered wood; quality
aspects of recovered wood; energy generation; market aspects of recovered wood;
greenhouse effects of recovered wood; design of wood products. The most interesting
results gained during research a amount of PCW in Ukraine (assumption, 2009) is about
2.6 mio. t/a which corresponds to about 13 % of the annual round wood consumption of
10.5 mio. t/a and about 39.0 PJ/a (10.8 TWh/a) or 6.0 % of the current annual primary
energy consumption in Ukraine of about 162 TWh in 2009 year.
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These are several advantages to using recovered materials for various composites.
First, the use of these materials in products made by the forest products industry will con-
tribute greatly to long-term sustainable development and forest ecosystem management,
and 1t will allow markets for wood-based composites to grow while minimizing the use of
virgin timber. Secondly, wood-based composites of varying types are opaque, colored,
painted or overlaid. Consequently recovered fibers used for composites do not require ex-
tensive cleaning and refinement to remove adhesives, inks, dyes, etc. Thus, composites
provide an unusually flavorable option for the recycling of waste wood and paper.

The recycling of wood products. The current strategies in managing wood waste and
their impact on the environment are presented in table 1 [5]. Landfilling of organic material
leads to CH4 emissions, which result in greenhouse gas potential 21 times higher than that of
CO; [6]. Furthermore, Risholm-Sundman and Vestin [38] reported that during the combustion
of PB it is important to have the appropriate conditions; otherwise incomplete combustion can
result in the formation of toxic compounds. Other researchers have also stated that the alterna-
tives to incineration or the disposal of wood waste in landfills constitute low-profit solutions
that can also be hostile to the environment [25] in contrast with recycling, which causes less
harm to the environment. On the other hand, the growing shortage of low-price wood, in com-
bination with the continuously rising cost of raw materials, creates considerable problems for
wood-based panel manufacturers. As a result, they are seeking alternative sources of raw mate-
rial and they are turning to the option of wood waste recycling [16, 18, 44, 45].

Table 1. Wood waste management techniques and results for the environment

Environmental impacts
Air Water Soil
Landfilling CO; and CH4 emissions (green- Toxic compound pollution of Build up of hazardous sub-
house gases) Unpleasant smells subsoil water stances in soil, land take up
Incineration Emits CO,. CHa4. SO2. NOy, HCI, | Fallout of hazardous substances | Dumping of incinerator ashes
dioxins into surface water and smoke — cleaning residues
Recycling No such environmental impact

A large part of wood waste is composed of old wooden constructions, including furni-
ture, which, when they have outlived their usefulness, are available for exploitation [23]. The
above constructions are mainly manufactured from urea-formaldehyde (UF) bonded PB and
medium density fiberboards (MDF). Since these boards consist of at least 90 % wood, the
recovery and recycling of wood from used wood-based panels in the production of new ones
constitutes the most rational means of wood waste exploitation [12, 15].

Various researchers have dealt with the possibility of recycling wood-based panels as
well as re-using board production residues. Sandberg [40] and Pfleiderer Unternehmensver-
walt [34] have presented methods which make possible the re-use of board residues, after
steaming, in the production of PB or other wood-based material. In a related patent published
by Moeller [43], a method for the recycling of wood products and waste containing wood is
described. The application of the method includes mechanical handling of waste followed by
processing for the production of by-products or end-products. Roffael [39] presented a method
for re-using wood particles and fibers derived from waste panels bonded with tannin-based ad-
hesive. The formaldehyde required to crosslink the tannin was generated by the hydrolytic de-
composition of adhesives of the waste boards during hot pressing. Boehme and Michanickl [2,
3] presented a method with which it is possible to recover particles and fibers from waste con-
taining wood, old furniture and other wood-product residues.
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The wood waste is comminuted and is then impregnated with a solution consist-
ing of urea, ammonia and soda. After this impregnation, the wood products are heated
in order to dissolve the adhesive bonds between the fibers and particles. A project
named “Envirofiber” was introduced by Fibersolve Ltd proposing the hydrothermal
pulping of waste wood panels in order to recover wood fibers that could be used as raw
material for the production of medium density fiberboard [36, 37]. Related work has al-
so been conducted by Sandison [41] who presented a patent for the recovery of wood
particles from waste PB and MDF using a vacuum prior to the heat treatment.

A patent related to the recycling of wood products published by Hesch [26] relates to a
method that uses an apparatus for breaking down wood products such as used furniture into
usable individual components such as chips and fibers. In USA the wood resource used in
the manufacture of PB and MDF is still primary wood residuals. It has been estimated that
between 80 and 90 per cent of the wood fiber used is sawdust, wood savings, green chips and
other residuals [30]. In Australia a higher use of round logs is used, especially for MDF
manufacture. The social/environmental push is placing a higher priority on using recycled
feedstock. The use of municipal waste is possibly the most reported area of research [21, 22,
31] and certainly considerable progress has taken place with glass, metals and paper. To help
address this need the Nationality university of forestry and wood technology Ukraine
(NUFWT of Ukraine) — Department of technology of products from wood (Ministry of edu-
cation, science youth and sports of Ukraine) has a project centred on housing using home
components made from recycled material and include roof, wall and floor systems [1,18, 16].

The word “recycling” conjures up visions of curb-side collections. Considerable at-
tention has been paid to these post consumer waste materials, while until recently, the recy-
cling of solid wood waste has received little attention [17]. Demolition projects, new con-
struction and even land clearing can produce millions of tons of wood waste every year and
it is this resource that is now being addressed [8]. As well as the use of this wood waste in
traditional panel products (PB and MDF) using adhesive systems, due consideration is be-
ing given to other binder systems. Cement PB panels are receiving much attention [1] es-
pecially as the wood waste, even if treated with chemical preservatives, can still be used in
cement boards [1, 10]; but such treated waste still presents major challenges in organic ad-
hesive bonded products. The research literature identified which actually addresses the use
of waste panels or waste furniture is indeed limited [10, 23].

As indicated above large quantities of waste from primary processing from
sawmilling is currently recycled into panel production, as is the case with primary pro-
cessing in the metals and plastics industries. However, less efficient utilization is made
of waste from secondary processing, for example in the furniture industry which is cur-
rently measured in millions of tonnes per annum globally [13, 14, 15]. Some recent
work in Canada [27] has demonstrated an effective process to generate fibers from
waste MDF. The process is based on the fact most resins used in MDF production are
from within urea-formaldehyde (UF) and melamine fortified UF (MUF) systems.

The chemical bonds formed in these situations are unstable at high temperature and high
humidity and thus can be reversed to de-bond the fibers within the panel making them available
for recycling back into panel products. Europe, and in particular Germany, is being forced to ad-
dress the problem of industrial waste as legislative measures require recycling of wood based pan-
els to be stepped up in order to reduce the volume of boards to be disposed of as organic waste [9,
32, 33, 39]. Therefore, intensive research work is conducted now in many countries in Europe on
how to reutilize PB. Thermal utilization is considered an attractive solution by many experts.
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However; there is some reservation concerning toxic compounds formed during combustion [32].
Disintegration of PB and fiberboards and their reuse as the raw material for second generation
panels totally or in part has been investigated in many laboratories [22, 32, 33]. The results reveal
that UF and PF (phenol/formaldehyde) bonded PB can be prepared from recycled products using
conventional technology for PB manufacturing. Although the research work from the various la-
boratories have demonstrated that waste panel products can be broken down, by reversing the
chemical bonding, the energy required and the extra processing would suggest that the process is
not able to compete economically with the current production of PB and MDF.

Our approach will be to mechanically disintegrate the panel waste and attempt to recon-
stitute by current processing methods. It is envisaged that the materials produced will have
lower performance levels as damage will result as the particles and fibers are broken apart. The
objective of our research is to use simple low cost processing to recycle low volumes of panel
waste into existing processes or new products.

Methodology. A Scientific Advisory Group (SCAG) — Department of technology of prod-
ucts from wood in NUFWT of Ukraine was set up to bring together representatives from the Ecologi-
cal economics department teachers, Department of Light Industry of the Ministry of Industrial Policy
of Ukraine (DLIMIP of Ukraine) and industry. It’s objective was to produce a technical report setting
out the process and controls necessary to determine when PCW ceases to be waste. To do this, the
SCAG: identified the major markets and end uses for processed wood; identified the current legislative
framework that governs the production, handling, storage, transportation and use of PCW; sought ana-
lytical data on the composition of material produced; reviewed available standards and specifications;
assessed relative risks to human health and the environment from using PCW, and any necessary miti-
gation methods; proposed ways forward for each of the major markets so that certain end uses may be
regarded as fully recovered where strictly defined conditions are met [13, 15, 17, 22]; and analysis of
management approaches for post-consumer recovered wood (fig. 4).
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Wood-based Panels Market in Europe and Ukraine
In response to the economic crisis, consumption of wood-based panels grow by
13.5 % in Ukraine and by only 3.7 % in Europe in 2010 (table 2).

Table 2. Wood-based Panel production in Europe and Ukraine (mio. m?)

Europe Ukraine
Wood-based Panel 2008 2009 2010 2008 2009 2010
Particleboard 40,140 36,790 37,640 1,622 1316 1471
Fiberboard 17.770 17,020 18,000 0,115 0,094 0,108
Plywood 3,950 3,620 3,930 0,163 0,108 0,144
Total: 61,860 57.430 59,570 1,900 1,518 1,723

Market characteristics: significantly higher wood raw material costs; worsening wood
availability despite higher prices; increased competition from wood-energy sector; PB and MDF pro-
ducers forced to process more; roundwood instead of sawmill by-products; and downscaling of wood-

based panels (WBP) production capacity. Forecast for 2011: trade outlook cautiously optimistic;
domestic demand will increase gradually; fierce competition for wood raw materials from; fiber sector
will continue to increase PCW; and material costs will increase throughout 2011.

Main markets for PCW The SCAG identified and reviewed the main markets
for PCW to establish whether the waste could definitely be used again once it had been
processed. For the purposes of this technical report, markets were considered for recy-
cled wood products made from PCW recycled in chipped or pellet form. This PCW may

come from: materials recovered from products at end-of-life, for example wood from demolition and
packaging (for example pallets); and offcuts and other waste from panel board, furniture and other
wood product manufacture, and from building and construction activities.

Market development and growth potential in Ukraine

The PCW recycling industry is relatively small and new, and most of the 2.9 mio.
tons (2008) of PCW continues to be landfilled. Nevertheless, the industry and markets
are growing rapidly. In 2008, 0.29 mio. tons of PCW were processed and significant
growth is projected in the years ahead [13].

There are four main current markets for PCW: the wood based panel industry [11-13,
18, 19, 39-42]; and fuel for renewable energy [15, 17, 20, 22, 40, 46-48].

It should be noted that these current markets are largely existing (rather than new)
markets in which PCW competes with virgin wood material on specification, price, de-
livery and other factors. The wood based panel industry currently takes most PCW
which, when clean and dry, has the advantage of low moisture content compared to vir-
gin material. In recent years, efforts have been made by the recycling industry and oth-
ers to encourage the development of more diverse and value-added markets and to re-
duce dependence on the wood based panel industry. This has helped to develop the an-
imal, horticultural and landscaping markets. There are other new or potential markets,
for example use in products made from wood-plastic composites, glued boards (joiner's
plate) and ethanol production. Such markets do not presently exist or are not significant
in the Ukraine and further development is uncertain. While continued growth in all
markets for PCW is projected, markets are uncertain for various reasons.

These include competition between recycled and virgin materials, competition for
clean PCW between the main markets, and international competition with the Ukraine
wood based panel industry. Growth will depend on how far barriers are broken down,
including negative perceptions towards ‘waste’ materials and the development of infra-
structure, technologies and practices for higher levels of recycling (fig. 5).
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One of the criteria for PCW to cease to be waste is ‘having a market where it can
definitely be used’. However, the nature of the markets for PCW means that generally
there is no definite use for PCW material until it has been transformed into a product or
there is a contract of supply between producer and buyer. The market with the highest
growth potential is using PCW as fuel for energy production in response to demands for
renewable energy. The SCAG found that there is also major potential for growth in us-
ing treated PCW (the majority of which is currently landfilled) for the energy market.
The regulatory position on the use of PCW as a fuel is outlined in [13, 16, 20]. The
SCAG did not investigate the renewable energy market further, but emphasised industry
desire for a standard to be produced that would bring greater certainty to this market.

Markets and material grade. Markets for PCW may be inhibited by the perception
that it is a single commodity and all PCW is contaminated [10]. Confusion is compounded
by the many sources and various ways of describing PCW by the way it was originally
used (for example furniture), how it was collected (for example civic amenity sites), the
type of material (for example plywood) and its potential to become contaminated (for ex-
ample untreated or treated). Clean PCW is acceptable for all markets. Treated PCW [13,
16, 15] is presently unacceptable for most purposes as it may contain copper chrome and
arsenic (CCA) and creosote, although some uses may tolerate residual chemical contami-
nants [10]. A study carried out by [12, 15, 16, 18, 23] concluded that the only viable use for
treated PCW is re-use or recovery via energy from waste. Both animal products and horti-
cultural and landscape products were considered and found not to be viable options.

Current legislative position. The current legislative position was reviewed to clarify:
those materials and products which waste regulatory controls apply to; and when in the supply and
production cycle waste regulatory controls no longer apply and a waste becomes a product.

All wood waste processing must be carried out at fully authorized sites.

If wood waste is transferred to another site and there is further processing, regula-
tory controls will continue to apply. These controls may not be directly related to the
waste material being accepted, but may be required as a result of the processing activity,
for example regulating air emission limits from panelboard manufacture. It should be
noted that material containing CCA and creosote is classed as hazardous waste and may
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not be used in any of the named end uses. The current legislative regime and existing
case law indicates that PCW going to the wood based panel industry cannot cease to be
waste until it is incorporated into wood based panels. However, as the material entering
a wood based panel manufacturer meets a standard, the SCAG decided it would be valid
to assess whether the material accepted onto site could be considered a secondary raw
material, which was similar to creating woodchip from virgin timber.

Material composition. The SCAG indicated that the main inputs that are pro-
cessed to derive woodchip for wood based panel products markets are usually limited to
clean PCW, consisting of packaging PCW and discarded wood offcuts, with little or no
contamination. Clean PCW is defined fully in [10, 13, 23]. All PCW inputs to processing
may contain other materials (referred to in this report as contaminants), depending on
where they came from and how the material has been collected, segregated and stored.
These may include [10]: ferrous and non-ferrous metals; grit and dust; plastics, glass,
paper and rags; colouration; resins and glues; coating such as paints and other surface
treatments and treatment chemicals, including preservatives and pesticides.

The SCAG 2008 have examined the levels of contaminants in PCW in various
studies. These studies have found that where treated PCW has entered processing it may
contain one or more of the following treatment chemicals [10, 13, 17]: copper chrome ar-
senic (CCA); copper organics; creosote; light organic solvent preservatives (LOSP); mi-
cro emulsions; paints/stains and varnishes. PCW may also contain pesticide residues, in-
cluding fumigants. These are generally less persistent than preservatives but whether they
are acceptable or not will depend on the material and end product. For example, pesti-
cides are not accepted in chipboard if the material compliant for subsequent burning.

Production process — stages of wood chips for panelboard production

PCW, which enters the site, undergoes some degree of sorting and segregation
before entering the production process. Sorting is mainly conducted visually, but, in
some cases, spray indicator or other methods may be used to detect chemical (mainly
copper) contaminants. The level of segregation and sorting of material could vary from
site to site and there are no standard practices in place. The implications of this are dis-
cussed in [12, 17, 22]. The level of unwanted contaminated material entering pro-
cessing, including treated PCW removed by pre-sorting, cannot be defined. In practice,
and depending on the source of the wood and level of sorting, physical contaminants
such as nails and treated PCW will be present in most PCW sent for processing.

The level of processing subsequently carried out will vary depending on how suc-
cessful the initial segregation and sorting stage(s) are.

After sorting and segregation, the material accepted on site then enters the pro-
duction process. In summary, after chipping, physical contaminants are removed by var-
ious means, including magnets for ferrous metals and eddy currents for non-ferrous
metals. Fig. 6 provides full details of all the potential stages of processing.

1. Waste wood received at 2. Sorting/picking .| 3. Pre-shredding 4. Shredding
wood processing site
v
v
5. Ferrous metal | 7. Non-ferrous 7. Screening - 8. Density - 9. Processed
removal metal removal " separation wood chip

Fig. 6. The main production stages of wood chips for panelboard
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After the waste is received at the processing facility and it has been initially sort-
ed and picked, hammer milling or crushing techniques are usually used to process PCW
into chips. This first stage reduces and controls the size of the particles and removes
larger size contaminants, including ferrous metal. The process may be described as
shredding, chipping, milling, crushing or comminution.

The initial objective is to produce a basic wood chip, which is suitable for supply-
ing to the chipboard manufacturing industry. Apart from contamination limits, the main
criterion for this basic chip is a maximum particle size of 50 mm in any dimension, and
a minimum of Smm. Many first stage production units do not use the second stage
screening normally necessary to achieve the minimum chip size requirement. Instead,
they rely on further cleaning capacity, and tolerance on the part of the receiving mill,
and exclude potentially dust-producing raw materials such as panel products.

A basic chip would make up some 90 per cent of the product currently processed
in the Ukraine and is generally produced by all PCW processors. It is also the specifica-
tion that most processors would initially offer in response to any enquiries from added
value markets, and it has found some success in these markets. However, to fully satisty
the performance requirements of different markets, the basic chip may need to be pro-
cessed further. Once the wood has been chipped, the quality can be improved by sepa-
rating the chips into different sizes and removing non-ferrous contamination.

Trommel screens are capable of separating basic woodchip into different particle
sizes. The plant will usually be installed in line with the prime mover (shredding ma-
chine) and may require conveyors, but no extra loader capacity. As it is only capable of
separating one or two chip sizes it is not best suited to producing a range of added value
products. Flat screens are capable of separating basic woodchip into several (normally
three or four) different particle sizes. They are particularly suited to added value prod-
ucts. The requirement of most panelboard mills to exclude material below five millime-
tres is best achieved by flat screens where such material is being supplied as a low cost
product to some markets. Where non-ferrous (stainless steel, brass, copper, aluminium)
metal extraction is required, it would be normal to put an eddy current separator in line
with the basic production unit. This unit would normally be static, and electrically pow-
ered, although such capability is now available built into a mobile shredder.

Producing weed suppressants and pellets for other markets requires the wood chip
to be manufactured further, including: interim storage of raw materials; drying/conditioning;
grinding; colouring; pelletising; cooling; screening; storage; and packaging.

On higher value products packaging is used to contain and protect the product,
and to carry messages such as branding and safety instructions.

This material is then ready for despatch as an input material to the wood based
panel manufacturers market of wood based panel industry.

Wood based panel manufacture. Whilst the same processes are used to produce
wood chips for supply to the wood based panel industry, further decontaminating and
cleansing processes are carried out at the site of the wood based panel manufacturer.
These are integral to the production process as once the PCW chip enters the process, it
does not leave until it has been incorporated into a wood based panel.

The manufacture of wood based panelboard is quality controlled and carefully
managed to ensure that the end product meets accepted specifications and that air emis-
sion limits are adhered to. However, it was found that inputs to wood based panel manu-
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facturing may include wood chips from PCW sources other than clean PCW (for exam-
ple up to five per cent painted wood) provided they meet the requirements “Wood recy-

cling in the panelboard manufacturing industry” and other industry specifications.

cent contamination would equal 14.500 tonnes of wood with some painted surfaces.

Given that the wood based panel industry accepts over 0.29 mio. t of PCW, 5 per

Project PB plant with PCW. Fig. 7.
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“PCW” mills based on recycled wood have had varying success. However there
is apparently a growing market from some who want to make an environmental point.
Described PCW Panels, as the project PB plant to operate successfully with 100 % re-
cycled post-consumer waste wood. Annual input is 35,000 tons. The mill uses pallets,
crates, cable reels, construction and industrial wood. One of the keys is compaction of
the residues, such as pallets and reels, to allow more material per truck load and conse-
quent lower raw material transportation costs. Pallets come from within a 200 km radi-
us. Another key is a stringent cleaning process with nine points where debris and metal
are removed from the raw material. Fig. 7 shows the project designed and engineered
the plant (table 3). Crushing, cleaning, metal and debris removal were by Pal srl of Italy.
Drying, conveying, blending and pressing with continuous Berndorf bands and sanding
were by Modul Systeme of Germany. Drying is fairly conventional except for two more
wind sifters after drying — one for core and the other for surface. Drying costs are lower
because the wood is generally at or below 20 % moisture content. The objective is to
remove the last bit of ash and other contaminants from the furnish. However, the mate-
rial requires about 1 % higher resin content. New researches was to separate the dirty
steam coming from the refiner, together with most of the volatiles from fiber pro-
cessing. The dirty steam is condensed and treated in a conventional water treatment
plant. The fibers are then conveyed from the steam separator, helped by fresh steam to
allow for conventional blow line blending in a secondary blow line ahead of the dryer.
Dryer emissions are mainly volatiles from the resin added in the blow line and are man-
aged by control devices such as RTOs.

Table 3. Machinery and Equipment Listing of wood preparation area of PCW

Code Machinery and Equipment Purpose
01.00 Pre-crusher Pre-crushing of recycled wood (PCW)
01.01 Screw conveyor Transportation of wood chips
01.02 Belt conveyor Transportation of wood chips
01.03 Overbelt magnet Deferrization of pre-crushed and/or wood chips
01.04 Belt conveyor Transportation of wood chips
01.05 Overbelt magnet Deferrization of pre-crushed and/or wood chips
01.06 Vibrating feeder Dosing of pre-crushed and/or wood chips
01.07 Dynascreen To screen pre-crushed and/or wood chips
01.08 Belt conveyor Transportation of wood chips
01.09 Overbelt magnet Deferrization of pre-crushed and/or wood chips
01.10 Diverter Possibility to discharge the flow pf mater.ial to two dif-

' ferent points or to split the flow in two different flows

01.11 Belt conveyor reversible Transportation of wood chips
01.12 Belt conveyor Transportation of wood chips
02.00
02.01 Belt conveyor Transportation of wood chips
02.02 Screw conveyor Transportation of wood chips
02.03 Belt conveyor Transportation of wood chips
02.04 Dynascreen To screen wood chips
02.05 Belt conveyor Transportation of wood chips
02.06 Pipeline Air loading of wood chips
02.07 Bunker, 300 m? Intermediate accumulation
03.00
03.01 Screw conveyor Transportation of wood chips
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03.02 Vibrating feeder Dosing of wood chips

Removal from recycled wood chips flow of:

03.03 Deferrizating unit a) metals with low magnetic permeability, I.E. some
stainless steel; b) ferrous metals
03.04 Overbelt magnet deferrization of pre-crushed and/or wood chips

Functions a) to remove non ferrous metals from chips

03.05 Eddy current separator flow; b) to remove residual ferrous metals from chips flow

03.06 | Pipeline | Air loading of wood chips

To remove heavy pollutants from the chips, such as:

03.07 Dry cleaner for chips stones, ferrous and non-ferrous metals, heavy plastics, etc.

03.08 Dynascreen To screen wood chips
03.08.03 | Windcleaner To clean fines from f1.1 of dynascreen 03.08
03.09 Screw conveyor Transportation of wood chips
03.10 Pipeline Air loading of wood chips
03.11 Pipeline Air loading of wood chips
03.12 Bunker Intermediate accumulation
03.13 Hammer-mill Refining of micro-chips
03.14 Knife ring flakers Refining of macro-chips
03.15 Pipeline Air loading of wood chips
03.16 Bunker, 120 m? Intermediate accumulation
04.00 Wind sifter for (dry) sl particles | To eliminate heavy pollutants such as sand, stones, etc.
04.01 Wind sifter for (dry) cl particles From the surface layer material
. To eliminate heavy pollutants such as sand, stones, etc.
04.02 Densimat From the mater}i]alljbefore going to the refiner mill

Quality controls and standards

The SCAG reviewed available standards, codes, specifications and acceptance
criteria for input materials for the main products and markets to consider:

e when materials meet a standard and require no further processing; and
e if there is a need for a standard to be produced.

The SCAG reviewed ‘standards’ in the broad sense, including publicly available
national and international standards, codes, industry and company specifications and
acceptance criteria.Quality management systems (for example certified to or based on
ISO 9001: 2000) should be applied to all management processes and production opera-
tions to make sure that processed PCW meets the required specification.

Publicly available specification sets the minimum acceptable standards for wood
chip destined for wood based panel manufacturing. The wood based panel industry also
follow guidance document “Guidance for the specification and control of reclaimed
wood raw materials used in the manufacture in the Ukraine of wood PB’s” to control
the incoming wood materials. The acceptance criteria vary between operators so that
they can make sure that the air quality standards for their sites are not exceeded.

The contamination limits permitted in PB as defined by [10, 17] are as follows
(Contaminant Mg/kg of finished product): Arsenic 25.0; Cadmium 50.0; Chromium
25.0; Copper 40.0; Pentachlorophenol (PCP) 5.0; Lead 90.0; Mercury 25.0; Fluorine
100.0; Chlorine 1000.0; Creosote 0.5.

Once incoming material enters a panelboard manufacturing site it is subject to in-
spection, and non-compliant loads are rejected. The process includes further screening of
the woodchip to remove physical contaminants. The woodchip then enters the drying
stage. Quality management processes are used to make sure that materials and products
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meet specifications. Visual inspection, laboratory tests and other methods may be used to
check that it meets specifications. Depending on the sampling method however, individu-
al samples may exceed specifications due to the localised presence of contaminants. For
example, a small piece of copper wire may cause an individual sample to exceed specifi-
cations on copper content. Contamination with copper wire does not constitute contami-
nation with chemical treatment. From the point at which it enters the drying stage, the
waste-derived woodchip is handled in the same way as woodchip from virgin timber.
Quality assurance. A number of options have been proposed to solve the lack of
standardisation in all markets. SCAG has proposed a grading system to categorise PCW
with respect to market grade and acceptability based on market suitability. This system is
still at the proposal stage, as it has not been accepted industry wide and is presented in
[13]. In summary, there are currently no common quality controls applied across the
wood recycling industry. It is recognised that the difference in input materials may mean
a risk-based approach is needed for quality control measures. However, it is considered

that, as a minimum, all PCW recyclers should carry out three quality control measures:
classify input materials — identify the source of the material and the types of contamination likely to be pre-
sent. Sort and segregate treated from untreated timber. Remove physical contaminants by picking; make sure
the production process used is fit for purpose. Make sure it removes the types of contaminants present
in the input materials well enough to meet the requirements of the end users’ specification; and make
sure outputs meet an agreed specification. For example, material going to wood based panel manufac-
ture will meet, as a minimum, the specification.

If the above measures are carried out, the SCAG agreed that the output could be
clean PCW and acceptable to all markets as a non-waste/waste derived product.

Risk assessment and mitigation. To establish the level of risk which PCW po-
tentially poses to human health and the environment, the SCAG reviewed risks in rela-
tion to its production, handling and storage and subsequent use in each of the end uses.

Also, in the present context, the SCAG considered factors which may affect cer-
tainty of use, including market certainty and degradability.

The SCAG concluded that if appropriate quality controls are put in place to en-
sure an output of clean PCW, then risks to human health and the environment are con-
sidered to be low. This section focuses on why it is necessary to use clean PCW to en-
sure a low risk of harm to human health and the environment.

Processing, handling and storage. Any risks to human health or the environ-
ment during the production process, as detailed in [13], are mitigated under waste man-
agement regulations. The handling and storage of PCW is also mitigated under waste
management legislation. However, the SCAG felt that additional mitigation was needed
to minimise the risk of fire, degradability and dust nuisance. To minimise the risk of fire
associated with stockpiling processed wood chip, and degradability of the material, the
SCAG recommended that appropriate mitigation be put in place. It is recognised that
the mitigation measures will vary from site to site depending on the size and storage
time of stockpiles and level of fire risk. Where material contains fines it is a potential
nuisance risk as well as a health risk where there is a high level of exposure.

Dust nuisance can be reduced by storing the material in closed containers and also
by pre-selection. This may also help to reduce odour. The risk of chipped material de-
grading can be reduced by storing it for no longer than six months. This was suggested by
the SCAG to allow storage time at the wood recyclers before it reaches the wood based
panel industry where it should only be kept for approximately three months. There is pos-
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sibly a need for paperwork to be completed to state the storage time, although the time to
avoid degradation will vary depending on the storage conditions.

Clean PCW. Clean PCW was seen by the SCAG to constitute a very low risk to
both human health and the environment. Provided adequate input controls are in place,
the SCAG agreed that this material poses no greater risk to human health or the envi-
ronment than wood chip from virgin timber used for the same purpose. Where the input
material contains physical contaminants, processing technologies can remove most of
these contaminants. The SCAG recognised that there is a potential risk of treated PCW
entering the process through mixing waste streams. However, it considered that if inputs
into the chipping plant are adequately monitored and controlled, mixing waste streams
will be limited such that ‘harm” will not be caused. This would mean that the risk of
treated PCW entering the process is low. The process and quality control measures
(identified in Appendix E) will further reduce the risk of this occurring. Therefore,
using clean PCW that has been appropriately processed to a point where it poses no
greater risk to human health or the environment than wood chip from virgin timber used
for the same purpose, is seen to pose a low risk.

Treated PCW. No research information has been found on the potential
toxicological impacts of using recycled PCW. The Environment Agency has carried out
some research on the possible environmental impacts of timber treatment chemicals.

However, this research is limited to reviewing the impacts of using whole treated
timbers (for example logs, planks) in aquatic environments and does not consider the
potential impacts on soil systems. However, this work indicates that some timber treat-
ments are more prone to leaching than others. Internationally, extensive research has
been carried out into leaching from CCA treated timbers. This and the toxic nature of
the material have supported banning the use of CCA to treat timber. However, it will
still be present in the waste stream for the foreseeable future, as buildings are demol-
ished which contain CCA treated timber. Where stockpiles are uncovered and contain
treated PCW, there is a possibility that some leaching may occur and contribute to
ground contamination and surface water pollution. The risk of leaching is generally low
where chemicals are strongly bonded to the wood, but in subsequent product use chemi-
cals may be released if the wood breaks down. During the further decontaminating and
cleansing stages at the wood based panel manufacturers, fines are screened out from the
recycled wood they receive. Such material may include a proportion of lead (from paint
fragments) and if so, there may be risks to the environment associated with its use. The
level of risk could not be quantified. No data was made available to the SCAG on the
quantities of lead within the material. However, this material still remains as waste and
must be handled in accordance with duty of care regulations. Whilst the definition of
clean PCW used within this report specifically excludes treated timbers, the SCAG con-
sidered that some material from treated timber may be included in this category.

The SCAG initially noted that it might be feasible to remove treatment chemicals

from treated PCW so it could potentially be recycled. Potential processes include: fungal
breakdown of contaminants; removing chemicals by oxalic acid, solvents or other chemicals; and
physically removing surface layers.

Further consideration suggests that while these processes are technically possible

in some cases, they are generally not feasible currently because: technologies are not well
developed and are restricted to laboratory or small-scale processes and have not been demonstrated on
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a commercial scale; and the value of the product in relation to the cost of treatment suggests that these
processes are unlikely to be commercially viable.

It considered that further information was needed on how effective these technol-
ogies were and on how different timbers take up treatment chemicals to assess the level
of risk associated with using processed treated PCW in different end uses.

Until this additional research has been concluded, using treated PCW is seen to be
a risk to human health and the environment and should not be used in any of the mar-
kets stated. If treated PCW is removed at the input stage, and appropriate processing is
carried out to produce clean PCW, the SCAG considers that the risk to human health
and the environment is low. However, the outputs produced must also reach an agreed
end user specification so they can definitely be used.

Quality Protocol for PCW as fuel. The SCAG found that there were two obsta-
cles to achieving a Quality Protocol for wood as fuel:

e current case law indicates that waste to be used as a fuel normally remains as waste until the
energy is recovered by burning; and

e the main area of potential market growth is in the burning of treated wood waste. The Waste
Incineration Directive is clear that the only wood waste that can be burned is that which is not contam-
inated with halogenated organic compounds or heavy metals. The SCAG felt that this zero tolerance to
metals in wood is unachievable.

The SCAG agreed that the Waste Protocols Project was not the correct forum for
addressing this issue, but felt that there is a need for a standard to be produced for PCW
as fuel. The Environment Agency SCAG members felt that this may not be achievable,
as energy from waste facilities may require different feedstock qualities due to different
technical requirements. A common specification may therefore limit the market.

Quality Protocol for the wood based panel industry

The SCAG considered the options for developing a Quality Protocol for the wood
based panel industry but found no apparent benefits for either wood processors or wood
based panel manufacturers of changing from the current situation.

Based on the review of acceptance procedures and production processes carried
out by wood based panel manufacturers, the SCAG identified three options where waste
derived woodchip could be considered to have ceased to be waste:

Option 1: When incorporated into panelboard

This is the current situation.

Option 2 : After processing and before entering the drying stage

After physical contaminants (for example pieces of plastic, metal and grit) have
been removed, and before the material enters the drying stage, it may be considered to
be the same as producing woodchip from virgin timber.

Option 3: Where wood processors have removed the same level of contami-
nants as the wood based panel manufacturer

This means where the material meets the industry developed standard “Guidance
for the specification and control of reclaimed wood raw materials used in the manufac-
ture in the Ukraine of wood PB” and the level of contaminant removal which is current-
ly carried out on the wood based panel manufacturer site.

In the case of option 2, it was questionable what would be achieved by defining
the material as ceasing to be waste, given that it has already entered the production pro-
cess. This option provides no apparent benefit to the wood based panel industry, as it
will not affect the regulation of the production process.
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In the case of option 3, there is currently no common standard used by the wood
based panel industry to define the levels of processing necessary to reach this point.
Whilst the SCAG did not derive costs for implementing this option, from their experi-
ence in the industry they felt that the level of investment required to achieve this would
be prohibitively high, and its viability is therefore questionable.

In view of these considerations it was found that a Quality Protocol is unlikely to
add value to the industry, as it would not be viable to move the point of recovery.

Conclusions

The rising cost of raw materials, ever tighter legislation about waste disposal, and
the fierce competition between PB manufacturers has led to the increasing use of recycled
wood. It is possible to use any source of recycled wood to reduce raw material costs by
between 40-70 % and the resulting boards will have even surfaces and post-soft formable
core layers. There are advantages apart from the obvious one of being a sustainable alter-
native to using virgin timber. Recycled wood has a moisture content of around 20 %
compared to the 60-70 % moisture in virgin wood, so it makes economic sense to buy re-
cycled wood chip; it also lasts longer and utilizes less energy during processing.

Technological advances in wood recycling plant and machinery are also increasing
processing efficiency and economy. The latest wood shredders are capable of processing
over 30 tonnes an hour, and are often fitted with over-band magnets, eddy current separa-
tors and trommel screens. A lot of work is also being done currently to identify and re-
move contaminants to further improve the quality of the recycled chip. The SCAG claims
that boards will be lighter, have excellent mechanical properties, be easier to process and
that wood and glue consumption will be greatly reduced. The increasing cost of raw ma-
terials and the escalation of competition in both quality and price of wood based panels
oblige board manufacturers to rapidly introduce this innovative technology.

Recommendations. The SCAG recommends that the DLIMIP of Ukraine pro-
duces guidance on when regulatory controls apply that reflects: the low risk of harm
posed by using clean PCW provided that quality controls are in place to minimize any
potential risk posed by contaminating materials; treated wood waste should remain as
waste; and wood off cuts produced as a result of processing virgin wood (for example
from sawmill operations or timber product manufacturing) that are free from contami-
nants and can definitely be used again should not be waste and therefore should not be
regulated. There is no evidence that using clean PCW in wood based panel industry cre-
ates a significant risk to human health or the environment. The SCAG recommended
that these activities are low risk and regulatory controls are not needed. The SCAG rec-
ommended that where treated PCW is mixed with clean PCW this will be treated as
waste. The SCAG recommended that if the PCW industry can provide evidence that this
material poses low risk to human health and the environment, this position should be
reviewed. There needs to be clarity on acceptable levels of chemical contaminants and
contamination levels in virgin wood. Such data can then be used to compare with con-
taminants in clean PCW to ensure no additional human health or environmental effects
arise from the use of this material.

The SCAG recommend that more research should be done on the effectiveness of
technologies that remove contaminants from treated PCW. The DLIMIP of Ukraine
could then consider developing a Quality Protocol for this waste stream.
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It is recommended that the DLIMIP of Ukraine consider further the regulation of
PCW as fuel, considering the importance and growth of this market.

Outlook PCW: the global trend for a cleaner environment and recycling of all
materials will continue; wood plays a major role in combating climate change — greater
use of of wood products will: stimulate the expansion of Ukraine’s s forests, and reduce
greenhouse gas emissions, by substituting for fossil fuel intensive products. PCW waste
will always be generated, even with falling prices for virgin wood; wood recycling
helps to decrease the deficit of virgin wood by giving wood a “second” life; positive of
world market dynamics and awareness towards a “green” product; naturally, this is
process produces a truly “green” product that helps reducing the build-up of landfills
and deforestation; recovered wood will gain importance as a raw material for PB, seen
the growing competition with biomass energy; avoid massive burning of wood for
purely energetic reasons; the cost for PCW waste is considerably lower often free
compared to virgin wood; the drying cost is substantially lower due to low initial
moisture contents (<20 % (o0.d.) average); fiscal incentives such as reduced Value Added
Tax for wood products from sustain ably managed; market incentives such as public
procurement clauses to encourage the use of wood products such as minimum wood
content in public buildings; and future Ukraine and policies should focus on efficient
recovery of recovered wood.
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YK 674.815. Hou. C.B. I'aiioa, kano. mexn. nayk; npog. B.M. Maxcunmis,
0-p mexH. Hayk — HJIITY Ykpainu

3 nmepepo0/1eHOI BXKUBAHOI IEPEBUHH /10 SIKICHUX J1€PeBOCTPYKKOBHUX IJIUT

VY crarTs HaBeICHO NETATbHUM OIS JTITepaTypH 3 Mpo0sieM JIepeBHUX BiXoaaMu B YKpaiHi, Ta,
30KpeMa, €eKT BijJl OUMIIEHHS 3a0pYAHEHUX BIIXO/IB, a TAKOXX NMUTAHHS YTHIi3aIlii B)KUBAHOI IEPEBUHU
(BXX]I) B Ykpaini B AKOCTI aJIbTEpHATHBHOTO CUPOBUHHOTO PECYPCY ISl BUPOOHMIITBA JEPEBHOCTPYKKO-
Bux T (JICIT). CporomHi mepepoOieHHs € HAOUIBII €KOJIIOTIYHO YHCTUM METOJIOM YIIPABIIHHS JIEPEB-
HUX BiIXO/iB. Benmnka yacTrHa AEpEeBHUX BIIXO/IB YTBOPIOETHCS 3 BUKOPUCTAHUX MEOJIEBUX BUPOOIB, SIKi
B oCHOBHOMY ckiafatothes 3 JICIL, Ta iHIIMX CKOHCTPYHOBAHUX JIepeB’sIHUX MpeaMETiB, TOOTO Marepia-
JIB, SIK1 IOTEHIIIHHO MOXKYTh OyTH BUKOPUCTaHI TOBTOPHO. 3pOCTaHHS BapTOCTI CHPOBUHH, BCE OLIBIIT JKO-
PCTKiI 3aKOHH TPO YTHJI3aLii0 BIAXOIB 1 XKOPCTKAa KOHKypeHLiss Mix BupoOHukamu JICII mpussenu 10
30UTBIIICHHS. BUKOPUCTAHHS TIepepoOIIeHo1 iepeBUHN. MO)kKHAa BUKOPHUCTOBYBATH Oy/Ib-sIKE JDKEPENIO Tepe-
pobJIeHOI IepeBUHM 32 CKOPOUEHHSI BUTpAT Ha TIEPBUHHY CUPOBHHY B Mexax Bix 40-70 %, sike B pe3yiib-
TaTi 3a0€3MeUNTh SAKICHY IMMOBEPXHIO IUIUT 3 M’SIKHX, YaCTKOBO JIe(hOPMOBAHUX CTPYKOK. BimHOBIIeHa Jie-
peBrHa Mae BoJIOTiCTh 6113bK0 20 %, 110 y mopiBHsAHHI 3 60-70 % -HOIO BOJIOTICTIO /ISt IEPBUHHOI JAepe-
BUHHU, J1a€ EKOHOMIYHMI CEHC KYIyBaTH IepepoOieHy IEepPEeBHY TPICKY, KpPIM TOrO, BOHA Ma€ TPUBAIUN
TEpPMiH CITY>KOU 1 CIIOYKMBAE MEHIIIE eHeprii miJ yac onepariii o0poOieHHs. TexXHONOriuHi JOCATHEHHS B
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raiysi o0naJHaHHS Ta MAIIMH IS IEpepOOICHHS IEPEBUHU T ABUIIMIN €PEKTUBHICTH OOPOOIICHHS 1 3p0-
Owm ¥oro OuTbIn ekoHOMIYHMM. OcTaHHI MOIPiOHIOBaY1 AePEBUHM 3/1aTHI 00po0ssiTh Outkinie 30 TOHH Ha
TOJIMHY, 1 YaCTO OCHAIIIEHI BEPXHBO-CTPIYKOBUMH MarHiTaMu, BUXPOBHUMHU CENApaTOPaMH 1 MEPEKEBUMU
eKpaHaMu. Y JaHWid yac 6arato-11o poOUThCS TSl BUSIBICHHS 1 BUAAICHHS 3a0py/ITHEHD TSI TIOAAITBIIIOTO
TOJIMIIEHHS SKOCTI TepepoOIeHOl CTPYKKU. 3’SCOBAHO, IO OJEpKaHl ITUTU OyAyTh JETIIHMH, MaTH
N00p1 MEXaHIYH1 BJIACTUBOCTI, JIETIIe OOpOOISATHCS, @ KITBKICTh AEPEBUHM Ta BUTpaTa KJIcto Oyzie 3HAYHO
ckopoueHa. € mepeBara, KpiM o4eBUIHHX, 110 BXX/] Oyze criiikoio anbTepHaTHBOIO BUKOPHCTAHHIO TIEp-
BUHHOI JIEpEBUHU. 3POCTaHHS BapTOCTI CHPOBUMHM Ta €CKalallisl KOHKYPEHIIi B SIKOCTI Ta IiHI JEPEBHUX
TUTAT 3000B’s3y€ paly BUPOOHHUKIB IIIBUIKO BIIPOBAHKYBATH ITI0 IHHOBAIIITHY TEXHOJIOTIIO.

[MepciexktuBu BXK]I: rmobanbHa TEHIEHITIS IO YUCTOTO JOBKUUIS 3aBXKAH OyIe 3yMOBIIOBATH
nepepoOIeHHST BCIX CIIOKUTUX MaTepialliB; JAEpEeBUHA BIIITPa€ OCHOBHE 3HAYECHHS B OOpPOTHO1 13 3Mi-
HOIO KJTIMaTy — O1JIbIlle BUKOPHCTAHHS BXXMBAHOI IEPEBUHU Oyze: CTUMYIIOBATH PO3LIMPEHHS YKpaiH-
CBKHX JIICIB Ta CKOPOUYBAaTH BUKH/M MAapHUKOBHX Ta3iB, 3aMilllal0ud BUKOITHE MMAJIMBO aJIbTEPHATUB-
HuM; BXK][ 3aBxau HaKOMUYyBaTUMETHCS, HE3BAKAIOUM HA MPUBAOIMBI IIHU TIEPBUHHOI JIEPEBUHH,
nepepobneras BXK]] monomorke 3MeHIIUTH AeIIIAT MEPBUHHOI IEPEBUHH, SIKIO 11 JCPEBUHI Hala-
TH “ZIPYroro” >KUTTS; MO3UTHBHA JUHAMIKAa CBITOBOIO PUHKY 1 YCBIIOMIICHHS y HamnpsIMKy JI0 ‘‘3ele-
HUX BUPOOIB; MPUPOIHO, II€ € MPOIEC BUPOOHUIITBA TIHCHO ‘“3eJeHuX’’ BUPOOIB, KU 3MEHIITY€E Ha-
KOIMYEHHS BiXO/IB Ha 3BaJIMIIAX Ta BUpyOyBaHHs JiciB; BIK/| € BaxiIMBUM CHpOBMHHHUM Matepia-
JIOM ISl TUTUTHOI TTPOMHMCIIOBOCTI, SIKUW TIOCTIMHO 3pOCTa€ y MOPIBHAHHI 3 610Macolo, sika We Ha BH-
POOHMIITBO €Heprii; HeoOXiTHO YHHKATH MAacuBHOTO criamoBaHHs BXK]I, po3mMipkoByIOUHM TUTBKH 3 €HEpre-
TUYHUX TpUurH; BapTicTh BXK/] € 3Ha4HO HMXKYOI0 y MOPIBHSAHHI 13 MIEPBUHHOIO JIEPEBUHOIO; BapTICTh
cyminag BX/] icToTHO Huk4a, 3aBISKA HU3bKOMY MOYaTKOBOMY BMICTY BOJIOTOCTI; (DiHAHCOBA CTUMY-
JSIIS, SIK, HArmpuKiaz, 3MeHtreHHst [1/IB mmst mimmpuemcts, siki BUkopructoByroTh BXKJI; cTUMYyIsIis pUHKIB
IIIIXOM 320XOUYyBaHHS 4yepe3 Mporo3ullii AepkaBHoi 3akyniii BXK/] 3 momamHix rocrnoaapcts; y
MaiiOyTHROMY JTUPEKTUBHI pillIecHHS YKpaiHU MOBUHHI 0a3yBaTUCh Ha BUKopucTanHi BX/I.

KiouoBi ciioBa: BXHWBaHa JePEBUHM, BIIHOBICHA (OYMINEHA) NEPEBHHM, NEPEBHI BiAXOMH,
JEPEBOCTPY)KKOBA TUIMTA, MiJITOTOBKA CTIOXKUTOI JICPEBUHH, TIEPEPOOICHHS, YTHITI3allii BIAXOAIB, TPHU-
3HA4YEHHs JACPEBHUX BiIXOIB, IEPEBHI IUNIMTHI BUPOOHUIITBA.
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