
Introduction

WPCs as a material are composed of wood or sim-
ilar to wood fibres, plastics and additives. The idea
of a WPC is to combine the best features of both plas-
tic and wood. The most usual wood material used in
WPCs is a by-product of the mechanical wood
processing industry (i.e. saw dust) from either coni-
fer or hardwood species or other cellulose-based fi-
bre fillers. Plastic or polymer material used in WPC is
usually recycled or waste plastic: either thermoplas-
tic (like polypropylene or polyethylene) or thermoset
(like phenol plastic or urea formaldehyde). The ratio
of wood, plastic and additives in WPC depends on the
manufacturing process and desired properties of the
end-product, but usually the amount of wood in WPC
is in the range of 20�85 % (Koto and Tiisala 2004,
Mali and Rautiainen 2005).

WPCs as a material and product are an old inno-
vation. According to Clemons (2000) the first indus-
trial experiment with WPCs took place in 1983, when
American Woodstock started manufacturing automo-
tive interior. The next phase in research started in 1991
when the first international conference on WPCs was
held. The breakthrough from a market point of view
occurred in the late 1990s in North America, where
WPCs were used especially in outdoor decking. Dur-
ing the rapid development phase of the markets the
annual growth rate of the WPC markets was close to
100 %. Other common uses for wood plastic compos-
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This paper deals with markets and product applications of wood plastic composites in Europe. At the present moment
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ites are cladding, railings, fences and window and door
frames (Optimat 2003).

The main objective of this paper is to create an
overall view of the existing markets in Europe of wood
plastic composites. Secondly to predict how charac-
teristic product attributes of WPCs offer possibilities
to expand the market share of WPCs in the future.

Basic production process

The basic production processes of wood plastic
composites are usually derived from the production
processes of the plastic industry. Also the machinery
used in production is usually based on technology
and the solutions of the plastic industry. There are
many different kinds of WPC manufacturing methods,
but the most general ones are injection moulding and
extrusion (Clemons 2002, Koto and Tiisala 2004).

Injection moulding is a widely used technology
for manufacturing a large series of products, which
have complex three-dimensional geometries. When
using injection moulding in WPC production the wood
fibres must be dried. Drying increases lead-time and
costs in manufacturing. After drying, wood fibres,
plastics and additives have to be compounded (mixed)
at elevated temperatures (< 200 ºC) to form granules.
After making the granules the actual injection mould-
ing begins. In injection moulding granules are fed the
injection-moulding machine, heated and then injected
with pressure into the mould cavity. Once the manu-
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factured WPC is cooled the mould is opened and the
ready part ejected (Mali and Rautiainen 2005).

In North America, extrusion is the most common-
ly used method in WPC production. A conventional
extruder consists of one or two rotating screws, which
are placed inside a heated barrel. Extruder machines
are thus divided into single screw extruders or twin-
screw extruders. The WPC material is fed into the ex-
truding machine in granule, pellet or powder form on
the top of the extruder. Screw or screws convey the
material into the extruder where the molten material is
pushed into and through a die, which gives these
three-dimensional products a linear shape in one di-
mension. In extrusion the moisture level of the extrud-
ed material is also essential. The materials used in the
manufacturing of WPCs must be pre-dried and kept
dry. Usually the moisture level of the materials should
not exceed 1.5 % before feeding them into the extrud-
er. There are also one-step extrusion techniques avail-
able, which can utilize moist wood material. In one-step
extrusion the need for compounding and grinding of
the materials is eliminated because all the manufactur-
ing phases are conducted in a single machine. This
naturally decreases the manufacturing cost of the
product (Mali and Rautiainen 2005).

It is necessary to understand the basics of dif-
ferent processing techniques used in WPC manufac-
turing from a marketing point of view. The production
method of the WPC affects and defines the end prod-
uct properties and narrows down the available options
for the end products usage. The selection of the raw
materials, composition of the WPC, the manufacturing
method, the process parameters and the geometry of
the manufactured product all have an affect on the
WPC end-product and the marketing of the product.

Markets and manufacturer prospects

The reported market volume of WPC products in
Europe (year 2003) is approximately 30 000 tons. This
is approximately 4 % of the combined markets of North
America and Europe with a total market value of
around 780 million USD (Oberdorfer and Golser 2005).

Market opportunities for WPCs are considered to
be huge. An overview of the WPC markets in the year
2003 show that the top ten producers (North Ameri-
can) collectively accounted for 70 % of the total in-
dustry sales. Many of these producers are large pub-
licly traded companies with significant advertising and
marketing expenditures. In Europe most of the manu-
facturers are small and medium sized enterprises
(SME´s). The total amount of European WPC produc-
ers is around 25-30 (Oberdorfer and Golser 2005, Ros-
si and Morton 2005).

WPCs are promoted as a product made of recy-
cled material for European being environmentally
aware. Environmental awareness of consumers is in-
creasing and this is affecting on the sales activity.
Today there are several issues, which consumers want
to know. It is not enough that product is made of re-
cycled material, but disposal and use should also be
environmentally friendly. Even though the markets
seem to be growing there are some barriers to over-
come. The message from the industrial experts is that
the WPCs growth rate has been limited by the lack of
product applications and standardization (Mali and
Rautiainen 2005). In Europe and North America there
have been a few campaigns, for the purpose of in-
creasing consumer awareness. The lack of consumer
awareness is even more serious in Northern-Europe.
At the present moment it seems that there are only a
few places where information about WPCs is availa-
ble. This is a common feature for products in the in-
troduction phase of their life cycle. For example in
Finland there is no advertising by national stores (i.e.
retail or DIY stores) to help educate consumers.

Another obstacle is the lack of established per-
formance standards and the lack of performance con-
sistency. Building code regulations and standards are
established around existing materials. These standards
and test methods are not necessarily directly suitable
for WPC materials. The situation with standardization
has been improving since 2004, when the ASTM
(American Society for Testing and Materials) published
the first quality standards in the world for wood-com-
posite decking. This regulation (ASTM D 7031), which
is a compendium of test methods, was approved in
2004 as a guide for producers of WPCs. In 2005 the
ASTM published D 7032. The standard gives physi-
cal specifications for building-code acceptance of WPC
deck boards and guard rails. The European standard-
ization for WPCs started in 2003. At national level
Austria and Belgium are furthest in the standardiza-
tion process. So at this point the development of these
products has just begun. Issues like aging and mois-
ture resistance will be addressed. This means testing
of several material properties like water absorption,
strength, durability, weight loss, color fastness, resist-
ance to fungi etc (Oberdorfer and Golser 2005, Mali
and Rautiainen 2005).

Acquiring an extensive market review is problem-
atic, because of the early stage of the WPCs life cy-
cle. Market, product, manufacturing and statistical
information on WPCs is closely protected by the man-
ufactures. Companies with patents and trademarks
often protect production methods, technologies and
customer information. There are some big marketing
and consulting companies, which have focused on the
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research of WPC products (Principia Partners, Hack-
well Group, Business Communications Co. Inc., Re-
search and Markets). Usually these companies work
in co-operation with the WPC industry.

Products

The success of WPC products is mainly due to
their good adaptability to different uses. The WPCs
technical properties are usually better than mere wood
or plastic materials. Good durability and moisture re-
sistance and also environmental and ecological aspects
can be used as a sales argument for the benefit of a
WPC material. The ability to machine surfaces, drill and
cut a product with the same kind of techniques as wood
is essential to its marketability. WPC products can also
be coloured in a manufacturing process or painted or
coated with other methods. This makes WPC products
adaptable, which gives the designers more choices in
product designing and selection of specific material
properties for the right kind of use.

Product properties of a WPC largely depend on
the ratio of wood, plastic and what kind of additives
(coupling agents, pigments, UV- stabilizers etc.) are
used in manufacturing to improve and enhance the
WPC properties. Encapsulation of the wood content
by plastic uniformly throughout the WPC and high
plastic content at the surface layer usually enhances
the moisture resistance of the WPC. The ratio of wood
and plastic has a major influence when looking at
WPCs strength properties. Research indicates that
strength properties (tensile strength) and MOE (mod-
ulus of elasticity) of WPC increase but impact strength
decreases with higher wood content ratios. Also the
addition of a good coupling agent considerably affects
the strength properties of the WPCs. (Elvy et al. 1995,
Youngquist 1999, Clemons 2000, Ichazo et al. 2001,
Paunikallio et al. 2003, Stark and Rowlands 2003, Mali
and Rautiainen 2005, Neagu et al. 2005, Sombatsom-
pop and Chaochanchaikul 2005).

The disadvantages of filling polymers with wood
fibres are the poor compatibility between the fibres and
the polymer, and the high moisture absorption.  Us-
ing coupling agents very often helps in both of these
problems (Ichazo et al. 2001).  The coupling agents
provide a bond between the wood fibres� hydroxide
groups (polar) and the polymer�s non-polar groups. The
mechanism of bonding between the coupling agent,
wood and polymer is very complex and is still not fully
understood, as different coupling agents and differ-
ent polymers tend to show different types of interfa-
cial adhesion (Sombatsompop and Chaochanchaikul
2005). There are many types of coupling agents, but
the main ones used in WPCs are silanes (Elvy et al.

1995) and Maleic anhydride modified polypropylene
(MAPP). Stark and Rowlands (2003) report that com-
posites containing 40 % wood fibre and 3 % MAPP
are approximately twice as strong and at least three
times as stiff as wood fibre composites without MAPP
(Stark and Rowlands 2003).

Current end-uses of WPC products are focused
mainly on three different areas; building materials,
outdoor products and the automotive industry. The
biggest markets can be found at the building material
and outdoor products sector. These sectors contain
products such as windows, doors, insulation applica-
tions, constructional parts, roofing, decking, railings,
and garden products and structures. Window frames
and outdoor panels and planks made of WPC have
better dimension and colour stability, weather durabil-
ity and heat insulation properties than wood in these
end-uses. When these WPC products are compared to
other substitute products they usually have better
strength properties and weather durability than com-
peting materials. In some cases also the abrasion du-
rability of WPC is better (Seppälä 2000, Schuler 2002,
Mali and Rautiainen 2005).

The price level of a WPC is still quite high, but it
can be lowered in several ways. The production price
level of a WPC can be lowered by using cheaper raw
materials like recycled plastic and locally less-expen-
sive fibre materials like jute or hemp (natural fibres)
in Europe. Upgrades and developments in the manu-
facturing process and technology and an increase in
the quantity of production sets lower unit costs for
the products. It is also possible to add value to WPC
products by using special coatings, protection treat-
ments or additives, colourings and machining for dif-
ferent end-user purposes. Comparing the current mar-
ket prices of basic plank or board profile WPC to pres-
sure treated wood shows that WPCs cost almost twice
as much (Mali and Rautiainen 2005, Törmänen 2005).

Most competitive utilization area for WPCs can
be in geometrically complex structures. Normally hand
or machine made wood structures, like asymmetric
window frames, require a lot of processing before they
are ready for use. WPC products can be easily pressed
in moulds or through an extruder to form complex and
ready-to-install products. Outdoor products, which are
exposed to the sun and humidity, are a big product
group in the North American market. It is likely that
WPCs can replace some of the rare tropical hardwood
species used in outdoor products and furniture. One
important advantage of WPC products is their cost-
effectiveness when compared to wood. Studies of WPC
material market also point out the fact that WPC prod-
ucts have significantly longer expected lifespan than
non-preservative treated wood in certain end-use pur-
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poses like waterfront decking or cladding. (Smith and
Wolcott, 2006)

When analyzing potential markets for a product,
there should always be a quick review of the products
history in order to understand the stage of the prod-
ucts life cycle. In North America WPC products are
near the growth stage of the product life cycle. At
growth stage, the product quality is maintained and
additional features and support services may be add-
ed to increase the demand. In European markets the
product life cycle stage of the WPCs is more diverse.
It can be said that all European WPC products are at
the introduction phase of their life cycle, but it is quite
difficult to point out the exact stage in different coun-
tries. Overall the activity in the European market has
been slower, but is now showing an increasing trend.
Some research (Mali and Rautiainen 2005, Rangapras-
ad 2003) suggests that the European WPC industry is
somewhere between 5-10 years behind North Ameri-
ca. Figure 1 illustrates the lifecycle of WPCs and the
different wood products. It is evident that WPC prod-

Future forecast

Researches (Mali and Rautiainen 2005, Törmänen
2005, Pirhonen 2005) show that the growth of the WPC
demand in Europe is expected to be high until 2010,
especially for building products and infrastructural
applications. The development of markets will be af-
fected in several areas. The main trend is in the em-
bryonic building products market. It is expected to
grow at a rate of over 20-30 % per year over the next
four years (Principia Partners 2006). A significant por-
tion of this growth is expected to come from door pro-
files, cladding, fencing and railings. Overall the mar-
ket picture from different forecasts looks promising.
The Western European market for WPCs is forecast-
ed to grow at a rate of 15-20 % per year through 2010
(Principia Partners 2006). These high expectations are
based on the fact that the WPC material and products
can be used in several different end-uses. Develop-
ing the structure of the industry and increasing the
number of producers can also boost market growth.

Figure 1. WPC and different
wood based products, product
life cycle. (Schuler 2002, mod-
ified)  
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ucts and their market in Finland, Europe and North
America are all in their introduction phase of the life-
cycle. The market share of WPC products is expected
to grow considerably.

The growth is expected to happen at the expense
of competing materials and innovation of new kinds
of products for different end-uses. The main compet-
itor for future markets of WPCs is wood, but there are



also other competitive materials like biocomposites
(including cellulose, and natural fiber reinforced pol-
ymers), vinyl, fibreglass reinforced plastics, concrete,
and aluminium (Seppälä 2000, Principia Partners 2006).

The WPC markets will also be affected from new
technological marketing environments. During the glo-
balisation process the markets inside the EU will
change. Changes in the markets can already be seen
in agricultural products. Agricultural supports inside
the EU are distributed unevenly, based on political
decision-making, which affects the production of
WPCs by focusing support and production on certain
countries and areas inside the EU. Environmental as-
pects can also boost the markets of the WPC. The
environmental policy of the EU supports and regulates
the manufacture of environmental friendly and recy-
clable products. Among other treaties the Treaty of
Amsterdam has reinforced the profile of the European
Union environment policy. Changes strengthen the
principle of sustainable development, which is now one
of the main objectives of the EU.

The future of WPCs markets in Europe depends
on various economic and development factors. Mar-
ket development is closely linked to product quality,
consumer preferences, design and versatility of prod-
ucts as well as growth of the general economic well
being.

The focus in further research of utilisation of WPC
in European market should be on specific demands like
quality standards, standardisation and recycling. Also
consumer acceptance has to be discussed and focused
on the research and development of WPCs. The main
technical problems that occur when dealing with WPC
material are linked to insufficient material/product prop-
erties for some purposes e.g. wet-stability (outdoor)
and moisture absorption (indoor/outdoor), UV-stabil-
ity for outdoor usage, flammability for indoor used
products and dynamically stressed outdoor products.
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ÊÎÌÏÎÇÈÖÈÎÍÍÛÅ ÄÐÅÂÅÑÍÛÅ ÌÀÒÅÐÈÀËÛ ÍÀ ÎÑÍÎÂÅ ÏËÀÑÒÈÊÀ Â
ÅÂÐÎÏÅ: ÂÂÅÄÅÍÈÅ Â ÐÛÍÊÈ ÊÎÌÏÎÇÈÖÈÎÍÍÛÕ ÄÐÅÂÅÑÍÛÕ
ÌÀÒÅÐÈÀËÎÂ ÍÀ ÎÑÍÎÂÅ ÏËÀÑÒÈÊÀ È ÏÐÎÄÓÊÒÛ ÈÇ ÍÈÕ
Ò. Ëèóêêî, Ò. Ñàëèëà, Ñ. Ïëàòò è Ò. Êÿðêè
Ðåçþìå

Â äàííîé ðàáîòå ãîâîðèòñÿ î ñèòóàöèè íà ðûíêàõ è â ñôåðå ïðèìåíåíèÿ äðåâåñíûõ êîìïîçèöèîííûõ ìàòåðèàëîâ
íà îñíîâå ïëàñòèêà â Åâðîïå. Â íàñòîÿùåå âðåìÿ â Åâðîïå ñóùåñòâóåò âñåãî íåñêîëüêî ïðîìûøëåííûõ ïðåäïðèÿòèé,
ñïåöèàëèçèðóþùèõñÿ íà ïðîèçâîäñòâå äðåâåñíûõ êîìïîçèöèîííûõ ìàòåðèàëîâ íà îñíîâå ïëàñòèêà (WPC). Îáû÷íî,
ïðîèçâîäñòâà òàêîãî ðîäà íåáîëüøèå è ñïåöèàëèçèðóþòñÿ íà ïðîèçâîäñòâå îïðåäåëåííîé ïðîäóêöèè, ÷òî
ïðîòèâîðå÷èò  ïðîèçâîäñòâåííîé ñòðóêòóðå Ñåâåðíîé Àìåðèêè. Äðåâåñíûå êîìïîçèöèîííûå ìàòåðèàëû íà îñíîâå
ïëàñòèêà ðàññìàòðèâàþòñÿ êàê êîíêóðèðóþùèé ìàòåðèàë, ãëàâíûì îáðàçîì â ñôåðå ïðîèçâîäñòâà îêîí, äâåðåé è
èçäåëèé óëè÷íîé ìåáåëè. Ïåðâàÿ ÷àñòü äàííîé ðàáîòû êðàòêî îïèñûâàåò èñòîðèþ äðåâåñíûõ êîìïîçèöèîííûõ
ìàòåðèàëîâ íà îñíîâå ïëàñòèêà êàê èçäåëèÿ, è çíàêîìèò ñ îáùèì îïèñàíèåì ïðîèçâîäñòâåííîãî ïðîöåññà. Âòîðàÿ ÷àñòü
ðàáîòû îïèñûâàåò òåíäåíöèè Åâðîïåéñêîãî ðûíêà, ðûíî÷íóþ ñåãìåíòàöèþ è íåêîòîðûå ðàñïðîñòðàíåííûå èçäåëèÿ, à
òàêæå õàðàêòåðíûå ÷åðòû ðåàëèçàöèè êîìïîçèöèîííûõ ìàòåðèàëîâ íà îñíîâå ïëàñòèêà.

Êëþ÷åâûå ñëîâà: äðåâåñíûå êîìïîçèöèîííûå ìàòåðèàëû íà îñíîâå ïëàñòèêà, ðûíêè, èçäåëèÿ èç äðåâåñèíû
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