Abstract

. Western Red Cedailfuja plicatg has been planted in the UK, some stands
are now at an appropriate age for felling. WRChighly valued for its
excellent natural durability, quality and other jpedaies. Supplies from
primary or ‘old growth’ forests in its native range North America are now
severely limited due to over harvesting from headustrial forestry.

. This MSc research project looked at two angles roivgng WRC in UK;
firstly, by analyzing the natural durability of thi& wood by experimentation.
Secondly, a Life Cycle Analysis of Western Red CGegiwn in the UK
established the extent of any environmental effdws forestry processes and
manufacturing processes may have. This was basetheo production of
cladding from the WRC timber.

. Four fungi were used in a decay stu@oriolus versicolor, Gloeophyllum
trabeum both used as official test fungi in accordance \B$1EN 350-1:1994
standards. AlsaCoviophora puteanandPleurotus ostreatus

. The conclusions of this test were that the UK gralWRC was classified as
‘very durable’ according to BS EN 350-1:1994 staddathe same as Import
WRC. Also that there is no significant differenicetween inner and outer
wood of the home grown WRC. However, the WRC wgaificantly more
durable than the reference species.

. The life cycle analysis part of the project lookadthe growing, felling and
sawmilling process and its environmental impaclso assessed were the
various end use life cycles, to find a viable syster lowering environmental
impacts of disposal and preferably see out the cbsladding production,
from growth. It was found that the growing anctting part of the life cycle
was potentially the most environmentally damaging.

. The end of life disposal was considered an unnacgsse of energies, unless
the end use yielded some kind of energy return.

. For the project to be expanded other systems artmcdcountry could be

analysed also other species of timber could beddst durability.
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1.0 Project introduction

1.1 Aim

This MSc research project will comprise experimavite fungal cultures to establish
the natural resistance to fungal decay of UK groiwestern Red Cedar timber
(WRC), both heartwood and sapwood will be analysed.ife Cycle Analysis (LCA)
will assess the environmental impact of its groarhd use.

1.2 Introduction

The Western Red Cedar is native to the west-cdast dmerica where it is highly
valued for its excellent natural durability, qugléand other properties. Supplies from
primary or ‘old growth’ forests are now severelwyilied due to over harvesting from
heavy industrial forestry. While some regeneratedsecond growth’ material is
available from North America, this is not considkte be of the same high standard
as the ‘old growth’ original. WRC has been plantedhe UK for over 100 years,
though serious forestry plantations of the treeeh@avy appeared more recently, some
stands are now at an appropriate age for fellifgs Taterial could provide a source
of sustainable, high-quality and naturally durabfaber of high value. WRC is
known as a naturally durable wood and because isf ithneeds no artificial
preservatives or treatments to protect it durihigeaoutdoors. Also, as it is grown in
plantations across the UK it is likely to producerexry impressive environmental
profile on analysis Due to the nature of its local growth there maydveer transport
costs and a lower need to import the same typeinober. Also, the lack of
preservative chemicals during its life mean tha gco-friendly and easier to dispose

of at the end of its life.

This MSc research project aims to look at Westeed Redar grown in the United
Kingdom from two angles; firstly, by analyzing thatural durability of the UK wood

by experimentation. This involves the use of tgbiwood decay fungi in laboratory
based decay tests on small samples of UK grown ékfefled Cedar. The results
from this study will be used to additionally evidenthe decay rating for UK grown



WRC based on European Standards. This will be eoedp with previously
established ratings for'lgrowth Western Red Cedar imported from the weastof

North America and for other, native UK, soft wooddahard wood species. Any
conclusions from this project may be made availdbtethe construction sector to

establish and enhance usage capabilities of tmabthisoft wood species.

Secondly, a Life Cycle Analysis of Western Red Gedeown in the UK will
establish the extent of any environmental effedtat tforestry processes and
manufacturing processes may have. This will beedbam research and analysis of
the forestry practices on the Duchy of Cornwalbastand the production of cladding
from the WRC timber. Final disposal of claddindlyroduce some varying results
to the WRC life cycle and may be key to the envinental viability of the timber

over all.



2.0 Literature review

2.1 Species description

Western Red Cedar (WRGQ){uja plicatg is an evergreen conifer tree species which
grows, in its native range, mainly in western Canadd the North West coast of the
United States of America. The main supply regisrthie coastal forest region of
British Columbia. WRC naturally grows in mixed ésts with other species, such as
Douglas fir(Pseudotsuga menziestiBacific Coast Hemlockl suga heterophylland
Abies amabilis)Balsam fir(Abies balsameapnd Sitka SprucéPicea sitchensis)T.
Plicata is from the family ‘Cupressaceae’, which has aro@fdgenera with more
than 100 species of evergreen trees and shrubsondirthese are Cypresses and
Junipers, found world wide. Reaching heights divleen 50 to 60 meters tall in its
native region, though less when grown in the Ukquad 40 meters, WRC has
distinctive stringy bark, which has a grey- purptdéour and can be torn off into long
strips. The foliage has been described as havigigssy, dark green colour above,
with a paler green with whitish streaks on the usidie, also a fruity scent, much like
a pineapple. Scale like, stalk less and hairleages are paired in four ranks, are
oval and blunt. Bearing these leaves are reddigtvib shoots which form flattened
sprays of foliage. The distinctive habit of thied is irregular or conical, with the
lower branches curving down and the leading shpaght. The trunk spreads out at
the base and there are a number of woody conesjafligrbetween 1 and 1.5 cm,
which are bent back along the horizontal and uplyacdrving branches (Sutton,
1994). Western red cedar retains its lower limksept when in densely crowded
stands (USDA Forest Service, 2005). Coombes, (l@@2cribes the foliage as
flattened aromatic sprays, and the cones as ovmight cones, 1.2 cm long with a
yellow green colour which then ripens to brown. eTtowers open in separate
clusters at the ends of the shoots in spring, ntadee red- black flowers which open
to yellow and the females yellow green. Picturedow (figure 1), Western Red
Cedar plantation on the Stourhead Estate, Wiltshire



Fig 1. Animage of a Western Red Cedar plantation

Found growing in low to mid elevations on the ccasd the wet belt of the interior of
North America, it prefers cool, mild, moist locat®and can grow in shaded areas
with lots of nutrients. Though tolerant of dry daonditions (Domtar.com, 2005),
the tree grows best in moist to wet soils with plesf nutrients. The tree has various
reported life spans, ranging from 800 to 1000 yeaven 1500 years, though it is
understood that this species is a long lived ohruink diameter at breast height can
reach between 200 and 600 cm on these specimerestekfY Red Cedar roots are
extensive, tap roots are poorly defined or noneristbut fine roots develop a
profuse, dense network. Root systems tend to Heoglea and less extensive on wet
soils than on deep, moderately dry soils. Wheniekttop layer is present, many
Western Red Cedar roots lie in the top layer ratinen in the underlying soil (USDA
Forest Service, 2005). In much of its native ratigee Western Red Cedar is the
natural climax species and it is shade tolerantigh responds to an increase in light,
for example if the over storey is removed. Earyght growth is slow, except on
favourable sites, though later volume growth ondysibes can reach up to yield class
24 (Lee, 2005, Pers. com.).



2.2 Regeneration

WRC trees usually start to produce seeds at theohigetween 20 or 30 years old,
though open grown specimens will produce seed cab@gjes as early as 10 years.
The reproductive cycle in WRC lasts around 16 mentiough the times of year that
each point occurs, depends on the location inioglab the local climate. Cones,
maturing at the end of this cycle, typically holdeds of around three to six in
number, which means that seeds are small, 203 00892,000 seeds per pound
(448,000-1,305/Kg). The seeds are dispersed piynayi wind; however, the seeds
have small wings and are not carried more thanfd@0(122 m) from the parent tree
(USDA, 2005). Seed stock may remain viable if estiodry for up to seven years.
Germination is best on a mineral soil with a heashaded seed bed, though partially
shaded seedlings show the best growth. Heavilgexhaeedlings can fail due to poor
root penetration. In its native range, drought &ngh soil temperatures damage
seedlings grown on full sunlight, while predatioorh birds, insects, action by fungi
and smothering from fallen leaves of nearby deaidushrubs, all contribute to the
low mortality of WRC seedlings. Having said thi¥RC seedlings can be very
tolerant to root flooding and respond well to remloof competition. Of all conifers
in the northern Rocky Mountains, western Red Ceadarwestern hemlock seedlings
grow the slowest. Annual height growth of WRC sag is highly variable, from
less than 0.39 inches (1 cm) in dense stands to d%einches (19 cm) in thinned
stands (USDA, 2005). In dense stands of forest, OMiends to regenerate
vegetatively, through living branches touching maisil and rooting, to fallen trees,

which root at other points along the trunk.

2.3 Reproductive cycle

The Western Red Cedar reproductive cycle lastsoappately 16 months and can
vary by way of times of year in which certain trggg set off the processes. This is
because the climate changes between coastal arinegions, affect the range of
the WRC. For trees in the middle of the coastalrithistion on Vancouver Island,

pollen and seed cones develop in early June. Padlens in late February or early



March of the second season. Pollination occursimvithto 2 weeks usually in March
but may begin as early as mid-February in mild tadaseas or as late as early April
at higher elevations, pollination in March is mostnmon. Fertilization occurs in late
May and cones mature in October. West of the Cas&ahge, cones are usually
mature within five months, but in northern Idahdakes 3 months. Major seed fall
occurs during October and November in both therimteand coastal range, though
dry warm weather can cause earlier seed releasee Seeds may be retained in the
cones and gradually shed throughout the winter. rd/Imeoisture and temperature
conditions are favourable, germination can occurtimes of year as variable as
autumn, winter, or spring, though along the coagian, seeds generally germinate in
either autumn or spring (USDA, 2005).

2.4 Timber

Traditional uses for the timber of WRC are wideging and, for the native
Americans of the Pacific north west of Americasttriee was regarded as the ‘tree of
life’. Uses included, dugout canoes, some up ten2dng, Totem poles, timber for
long houses and roof shingles. The bark was usedéaving in to baskets, mats,
rope and clothing. The other common names forttees can include some which tell
of its usage; Shinglewood, Canoe Cedar, Giant ReghC Pacific Red Cedar, Great
western Arborvitae. Modern uses of the WRC ackedgé the timbers natural
durability, its light weight, high structural stéity and, yet, low density. This makes
it ideal for the construction of houses, wheredoots, the wood is resistant to fungi
and insect attack, indoors, the wood is good lapkivith a characteristic odor. It has
acoustic properties, meaning that the wood canrhdsod dissipate sound energy,
quietening rooms. The low density and the presef@r spaces in the wood, also

makes the timber an excellent insulator of heat.

2.5 Wood formation

Wood is the xylem cylinder inside the bark of tetems, that, in certain, not all tree

species, consists of an outer, light coloured ‘saqov and an inner, usually darker



coloured, ‘heartwood’ (Scheffer, 1966). Most wosubstance contains fibres that
provide structural support for the crown above atsb those that conduct water in
the sapwood. There are also cells in the sapwhbat frovide a certain storage
facility for the tree, holding starch, soluble sigygproteins and acids for the tree.
These parenchyma cells carry on playing this rotettie tree throughout the life of

the sapwood, until they are depleted of their euats by the tree’s demands or the
sapwood is turned to heartwood. Heartwood, a akotire of cells no longer in use

as a conductive or storage medium, is differeninfeapwood in many ways. The
transformation of sapwood to heartwood is accongghtiy necrosis of the xylem

parenchyma cells (Shigo and Hillis, 1973), storegjés which have made it to the end
of sapwood life. Other differences from sapwooclude; a lower moisture content,

as there is no conduction of water to the reshefttee, lower Nitrogen and a higher
pH than in sapwood. In addition to this, probatblg biggest change is the formation
of non-structural material, extractives, which aoalate in amounts, sometimes
exceeding 30% of total wood volume. This, in tuntreases the density, durability,
darkens colour and changes many other propertidssopart of the wood (Shigo and

Hillis, 1973).

The change from sapwood to heartwood is initiatgthternal, tree based, processes,
rather than outside stimuli (Shigo and Hillis, 1873nce this process starts, it will
carry on so that the number of sapwood rings respamore or less, constant
throughout the life of the tree. There is, invalya a transition zone, also called a
white or intermediate zone. This is a ring arotimel heartwood, which is normally
about a centimeter wide, though can be larger, riipg on the tree species. This
zone is paler in colour, very different from thgs@ood and heartwood either side,
the moisture content can be lower than that oh#teatwood and the zone will contain
chemicals connected with transition to heartwoddd® and Hillis, 1973). There is
some direct evidence that there is increased migtahotivity in the heartwood
periphery, mainly occurring in the dormant periodti@e growth, in the form of
increased respiration and changes in chemicaligctiWhis abrupt transition reveals
the existence of an active situation and it is gaheconsidered that this change is a
DNA- coded aging effect (Shigo and Hillis, 1973).



We already know that there is a colour differenebMeen sapwood and heartwood,
the wide range of colours seen in heartwood iselgrdgue to extractives, the laying
down of these secondary compounds in the heartwgopdrtly genetically controlled.
Levels may vary between specimens of the same adespecies because of this,
though a fast growth rate can lower the amount éaknso can the soil type, these in
turn affect the colour of the wood. ExtractiveHetiin there action, whether toxic or
repellent to wood destroying organisms and varyheir potency too. This said
though, even mildly toxic compounds, if presensifficient quantities, can bring the
desired durability. Heartwoods have been founddotain a variety of secondary
compounds and their composition has been showe &pécific to family, genus and
also species, each individual cocktail can be aguenas to allow identification of the
tree just by analysis of compounds. This in itsglevidence of tree species each,
individually, coping with and protecting themselfesm microbial and insect attack

throughout the period of evolution (Shigo and Hjll973).

Harju, et. al. (2001), states that two explanations can be giwentHe traditional
experience that heartwood is more durable than sagw Firstly, the concentration
of extractives is higher than in sapwood, as erpldiabove, secondly, the structural
and chemical properties of heartwood make it lesampable to water. Resin
accumulates in cells and the resin canals are btbokf with tylosoids. These and
other factors combine to prevent water movemetténtissues. They state that resin
acids provide resistance against decomposition aesalt of their hydrophobic

properties, not their general toxicity.

2.6 Wood as a food source

There are many organisms in the natural world wifégld off the various properties
of wood; various fungi, bacteria, insects, crustaaed molluscs, see the unique make
up of wood and its benefits to us merely as fodidis these organisms that break
wood down when it is in the natural environments¢hsas on the forest floor,
recycling nutrients in to the system, however, thisiot helpful when the timber is
being used by us. This report concentrates oeffieet that fungi have on the wood,

so the information that follows concerns this.



Firstly, the organisms concerned in the break dofsihe wood cannot use wood as a
food source unless there are the correct conditddriemperature, water content, and
oxygen. Also, the wood must not be naturally digathe susceptibility of the wood
to bio deterioration is related to chemical composi(Morris, 1998). The chemicals
in wood possess different characteristics, as tudy different roles within the wood
structure. On a structural level one of the majomponents, also the one which
provides most of the woods strength, is Lignocelel which is a very strong
combination of cellulose, with a long chain of sugaits held in lignin, which is also
very strong. Only a small number of organisms leeeak this down and fungi are
some of the culprits. Also important in the wodtlsture is Lignin, as mentioned
previously, this is also very strong, as it is ee¢hdimensional resin of interlinked
phenolic units. This is even harder to break daawd, therefore, even fewer
organisms can digest it. Other chemical compowmedsnuch more easily degraded,
starches, sugars, lipids and proteins can be brdkem by more organisms and so,
the parts of the wood where these are more in anagl mainly the sapwood, will be
degraded much more quickly.

Those components that are not so prevalent maybb@ned from the outside
environment. Nitrogen, for example, is of shorp@y in woody tissue and so the
fungi that inhabit wood are very efficient in theise and recycling of this important
nutrient (Morris, 1998). Other nutrients, of minorportance, such as iron, which is
needed for the decay process, may be obtainedtfrersoil, or building materials that
are in contact with the wood. Water is a key eleime fungal activity and must be
present for wood decay to occur (Morris, 1998). e Wontent of water in wood is
measured as a percentage of the weight at ovengirgo the amount of wet weight
that was water after the wood has been dried camméasured very accurately.
Typically, the sapwood of a standing tree, the plaat conducts water, will be the
wettest, this can contain 150% - 200% moisture ea@ngmc), heartwood is normally
drier and contains only 30% - 40%. There are $pcies which have a wetter heart
wood, such as some of the firs, which can be gD mc. Fungi have the ability to
transport water, through their structure, explaibetbw, from outside the wood, as
with the micronutrients mentioned above. Someisgeaf fungi can do this over dry
areas too, using specially evolved and tightly wowgycelium. Harmon and Sexton

(1995), suggested that the maximum moisture conténtt decaying sapwood



increased as decay progressed and density declineidg their study of decaying
logs, of various species of tree, on a woodlandrflover a period of around eight
years. In heart wood, the pattern was more comguhelis dependant on whether the
wood is decay resistant or not. Their study, whietludedThuja plicatg showed
that the mc was constant over the time period atbvior the experiment. This,
however, could be due to the short time span roivalg the decay to have reached

the heartwood zone in sufficient quantity to befulst® the study.

2.7 Fungi

Filamentous fungi are a group of organisms whigdfen organic matter and grow
by extension of tubular cells, which are calledphga’, this is a form of growth,
similar to that of the roots of plants and the alleresult are called ‘mycelium’
(Morris, 1998). The various wood rotting fungi che divided into moulds, stains,
soft rot fungi and wood rotting basidiomycetes.islthe latter which will be dealt
with in this project. Basidiomycetes are the futitat cause the most damage to
wood in buildings and are the fungi that produegddruiting bodies, very visibly, on
the surface. These highly destructive forms apasged in to brown and white rot
fungi, which are terms related to the colour chatigey cause in their host wood.
White rot fungi mostly attack hardwood species @aad degrade both lignin and
cellulose, leaving the wood pale in colour, herfee name 'white rot’. Hardwoods
generally contain less lignin than softwoods anel type of lignin is more easily
degraded. Brown rot fungus is the type that isenlikely to attack softwoods and
degrade cellulose, the lignin is modified but natken down. Brown rot fungi are
the most economically important agent in the deamsiijpn of wooden structures in

the temperate climates (Morris, 1998).

2.8 The properties of Western Red Cedar

Western Red Cedar is a highly durable timber amdests, it was found that WRC
timber was very resistant to a variety of Basidioptg decay organisms. It was,
therefore, classified in the category of ‘most s&sit’, which means that it has been
estimated to last more than twenty years abovengrqRoberts, 2003). The main

reason for the outstanding durability is the speatocktail of extractives within

10



WRC, some of which come from the group known agpbtones’, or ‘Thujaplicins’
which work to inhibit fungal growth (Roberts, 2003)The efficiency of these
chemicals against fungal attack has been provemddyk, et. Al. (2000), where
biosynthesis of Tropolones from cell culturesTdfuja plicatawere used for wood
impregnation. During experiments, performed with treated wood, the Tropolones
proved to be an effective fungicide when used is ttlay as a wood preservative.
The way in which the tree lays these Tropolonesrdbas been found to follow a
general pattern of increasing from the pith tortiest recently formed heartwood and
then decreasing in the sapwood. Maximum levelsexifactives attained by old
growth trees were much higher than that reachesebgnd growth trees. Therefore,
extractive content in heart wood seems to be itladetree age (Nault, 1988). In
experimentation, Harju, et. al. (2001), found t&gstern Red Cedar decay resistance
was variable in wood near the pith. In this expent it was found that the highest
mass losses were in those samples with very loywdlone levels, while the samples
with higher amounts of Tropolones had a lower, k&sable degree of mass loss,

overall.

As mentioned above, extractive levels can be virjaxcording to DNA, this is the
same in WRC populations. Thujaplicin levels canywaithin species, though, more
readily, this can be due to the silvicultural prees used to grow the species. There is
concern, as it has been found that secondary griVRC plantings are producing
timber with lower amounts of extractives than thagiaal primary, or old growth
forest trees (Nault, 1988). This is because tkers#® growth Cedar is faster growing,
due to modern forestry practices, and therefore bmmarvested at a younger age.
This is good economic sense, though the timberdséed contains, lower Thujaplicin
levels, thus, lowering durability. Debedlt al (1999), found that the lower Tropolone
levels near the pith were largely a juvenile effessociated with wood formed near
the crown. It was stated that this could have ioapions for the choice of
silvicultural systems, to allow for more durable agloto become available by

maximising extractives laid down.

2.9 History of Western Red Cedar in Britain

11



Discovered by Archibald Menzies, a royal plant ector, in 1795, the WRC was not
introduced to Britain until 1853, from Oregon, byilNgm Lobb. At this time seed
stock was used for ornamental specimens and fgras& was limited, mainly due to
the difficulty of raising seedlings in the nurserfungal attacks bpidymascella
thujina can wipe out seed beds completely, however, WRCatso be propagated
vegetatively and once the cutting has taken roetftimgus may not affect the trees.
Along with the mature tree’s resistance to thisgusis also the benefit of the ability
to select good healthy stock to take the cuttimgef(Matthews, 1983). In Britain,
WRC planted on lowland sites fairs very well aras discussed earlier, can cope with
even poor Rendzina soils. Compared with otherispeaf exotic origin which are
grown in Britain, WRC grows faster at pole stagantiSitka spruce and, when
compared with Douglas fir, WRC is also faster iawgth.

WRC has good quality timber, as discussed in presvgections, but also is resistant
to drought crack, which is an asset in Britain'amting climate. The stem of this
species grows straight, which makes for good timbewsugh the growth of older
specimens is mostly tied in with the formation ottbesses at the base of the trunk.
The WRC doesn’t suffer much insect damage, whictariether forestry bonus,
although there are fungi, suchsmes annosuswhich can damage WRC crops. It
has been said that WRC is hardy to winter cold ern@any and would be grown
readily by foresters, were it not for the site riegionents. Matthews (1983), states that
he believes the WRC will be a tree of minor impoce for forestry because of this.
Tsouvalis (2000) shows WRC as slightly more abledpe with a British climate by
stating that WRC, among other exotic coniferousesboy species, mentioned
previously, has the capability to cope with thenfall of north Britain and that WRC
flourishes in the heavy rainfall of Scotland, wherach of the Forestry Commissions
plantation forestry is located. Matthews (1983)estahat WRC is only moderately
durable and Douglas fiPceudotsuga menzigsivould be the preferred species. This
conflicts with the studies of Roberts (2003), whgthte that WRC timber, grown in
the UK has a durability classification of ‘very dbte’, which is the same as the
samples of timber taken from the native Canadiaadmested at the same time. This
is not only better than that durability class giygnMatthews but the best class of
durability one can give a timber. As it is, WR@ws best in the fertile lowland sites

of the South and West of Britain. Climate in thesgions provides ideal growing

12



conditions and the WRC can be expected to excemdltwer growth of the native
American original. However, the growth rings, aseault of this faster growth, are
further apart in the UK timber, this creates lowensity and, therefore, weaker wood.
Although this has no apparent effect on durabilitypay have an influence on the

usage of the UK timber.

2.10 The Forestry Commission and their use of the ¥sétern Red Cedar

At the start of the 1900’s, British forestry wadfeting and only 5% of the country
was under tree cover. The pressures of the fistdwar lowered the country’s
ability to sustain itself and we felt the strainaasesult of our dependency on foreign
timber imports. In 1919, as part of the post vemonstruction, the government set up
the Forestry Commission, a government funded boaimbmmissioners answerable
to parliament. The mission was to create fordsis ¢ould meet the nation’s needs in
future emergencies and reduce our reliance ondgier@nber imports from elsewhere
in the empire (Pringle, 1994). The successes @fttmmission since its beginning
are many, including the afforestation of the upkontiScotland, the successful use of
scientific forestry and exotic species to markedigrease the production of home
grown timber and the rise of tree cover in Briteoraround 12%. Although the use of
conifer species is often frowned upon, these day®vour of the use of native broad
leaved species, the WRC has a place in Britishstoye Before 1950, there were only
158 ha of privately owned WRC plantation in the WKd 148 ha in Forestry
Commission ownership. The 1980 census showed 38@» WRC on FC land, with
2,280 ha on British soil. On top of this, theresvedso the private ownership figure of
2,320 ha, which was nearly all in England (Lee,sP&om.). The current areas of
Western Red Cedar listed below, in table 1, arertdkom the National Inventory of
Woodland and Trees (2005)

FC Ownership Other
Scotland 9 ha 29 ha
England 2,104 ha 938 ha
Wales 197 ha 418 ha

Table 1, list of WRC planting areas in the UK.
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As can be seen from the above table, FC ownersioigeels that of private ownership.
Also, from the above table, it can be seen that miothe WRC is located in England,
this is most probably because of the favourablmate, WRC seems to attain its
maximum growth when planted around the south weEngland (Lee, Pers. Com.).

However, when these figures are compared with tiegadl total of coniferous forest

cover in Great Britain of 1,306,052 ha, the tateda of all woodland types in the UK
iIs 2,665,125 ha (Forestry Commission, 2003), thakes our Western Red Cedar

figures seem very insignificant.

2.11 Assessing timber natural durability

The principles of testing and assessing the natdwahbility of wood has been
formalised by a set of British Standards and alsmpean standards. This means that
the experimentation process has been unified irset @f procedures which everyone
should follow. During this procedure the test Wwa@pecimen is compared with the
reference specimen, a timber species set by the aientioned standards. Also, as
well as this, the classification systems, for nalttwood durability against fungi,
insects, termites and marine organisms, have gen an official scale, to be used

by scientists and especially industry, when chap#ie correct timber for the job.

The durability test that is performed in this repisrfor natural durability of wood
against fungal attack. There are both laboratagy feeld tests which have been laid
out in the European standards, field tests areemble, though in this instance a lab
based test is carried out, the results of whichl Wwé used for the durability
classification in the light of there being no fiaddta available. The lab based test is
structured by EN 113:1997, European standard #@itékting of preservative treated
woods. However, treated wood is obviously replamgdhe chosen naturally durable
species, as specified in BS EN 350-1:1994 . Taedsirds dictate that the reference
species should be Scots Pirenlus sylvestrisyap wood, when testing soft woods and
Beech Fagus sylvatica)when testing hard woods. The standards also #tate
species of fungi to test with. As we are testinghbhard and soft woods, we will be

using both of them, these a@toeophyllum trabeum, Serpula lachrymalsd Poria
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placenta,for soft woods and for hard woods, the followingudu are to be used;

Coriolus versicolor, Gloeophyllum trabeusnd Serpula lachrymals.

2.12 Classes of natural durability

The test is carried out with the aim of finding theerage mass loss if each test
specimen and comparing this with the average nusssdf the reference specimen.
The classification is based on the species of farmgwsing the greatest average mass
loss to the test wood. The percentage lost diveslass of durability, as shown in
table 2, below. Percentages of mass loss range@0.15 lost, very durable, to 0.90
or greater, not durable.

Durability Description

class

1 Very durable

2 Durable

3 Moderately durable
4 Slightly durable

5 Not durable

Table 2, list of durability classes.

2.13 The Life Cycle Assessment

Life cycle assessment, also called Life Cycle As@lyis an integrated approach to
assessing the environmental impact that a produgtazess has on the environment,
not just in the immediate or short term, but thistematic approach has the ability to
follow the product throughout its life, to the eddposal. Life cycle analysis (LCA),

describes all flows to and from nature which condée product or process involved.
Used mainly in industry to meet government andarst requirements and concerns

about the effects that the production and produetge on the environment, LCA
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allows businesses to monitor improvements in thevironmental management
systems, required by BS and ISO 14000 series (RRE).

There are two main steps in an LCA, firstly, onestmescribe the emissions that will
occur during processes or use of the subject,valfsch raw materials are used during
the life of a product. This is usually referreda® the inventory step and includes the
use of extensive interviews, literature reviewsaldied estimates and other research
to cover processes step by step, including fuel aisé energy. The inventory stage
covers the production phase, distribution, use thedfinal disposal. The essential
principle behind the method is that all life cyslkages are assessed together, and all
potential environmental impacts are considered iwithe framework (Hillier and
Murphey, 2000). The next phase is the assessniewhat the impacts of these
emissions and raw material depletions are. Thisfesred to as the impact assessment
step, this is the more objective result of the L&Ady (PRE, 2005).

The LCA process has been adapted for use in asgab& environmental impact of
forestry and the use of forest products in constvtac The LCA process was not
designed for this specific purpose, instead comagah was on the industry’s impact
on the environment, though the LCA can be very sssitlly used in its new field.

The LCA has been used to assess the effect of woasskrvative treatments on non-
durable timbers, also, now, the use of durable eémmband their effect on the
environment. The results of the LCA are many aawl include the effects that the
product or process has on, among others; globamimgr ecotoxicity, human

toxicity, acidification and eutrophication. Thesan be graphically presented to aid
managers and planners in the future running ancahgement decisions concerned in

the production processes.
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3.0 Materials and methods

3.1 Obtaining the samples of British Western Red Ghar

Previously, Roberts (2003) used samples taken filmenplantations grown at the
Stour head (Western) Estate, near Stourton, insWik. It is required that at least
three different tree specimens are used for theplmnby BS EN 350-1 : 1994,
though the current project sampled more than wasimned, to improve accuracy of
the tests. The samples for this report were téil@mn the saw mill near Wadebridge,
in Cornwall in late June 2005 from large woodenck#ocut from cants, all from
different WRC trees. A 'Cant’ is a log which hasdithe saw run along four sides to
take the bark layer off and square the edges. n\isatherefore, a long square post,
mostly of heartwood as a result. Samples wereeshdisat possessed a full cross
section of rings, from the pith, the tree’s coreth® central growth rings, outwards to
the transition zone and, if we could, we found kfothat also possessed a good few
sapwood rings. This meant that when it came tanguthe blocks up in to smaller
sections, it would be easier to differentiate whiere outer heartwood was located.
All samples were approximately 40-45 years old winey were felled in a plantation
nearby. The reasonably square blocks were cut diynsaw to take two of the corners
off the block, making it flatter in cross sectiomhis would make it easier to cut with
the saw back at Silwood workshops. All off cutgevkept and labeled accordingly.
Also acquired, was a plank of locally grown Sessdak heartwood (Quercus
petraea), The Oak wood will be used to test theON#gainst a native species of
durable timber, as Scots Pine, the reference wodhke experiment, is native but not

durable.

Back at the Silwood workshop a powered band saw wsasl to cut the relevant
samples in to the relevant inner and outer hear@potine sapwood was also cut and

the oak. All sections were kept separate from edbbr and labeled. Each section
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was then cut into the smaller test blocks, whiclasoeed 5 x10 x 30mm. Care was
taken to cut the samples so that the grain of tedw the growth rings, were
orientated vertically, as viewed with the test klbgng flat. With this vertical grain,
the probability of obtaining a more even distributiof early and late wood was
higher, therefore, making the test more viableth# distribution of early wood was
higher in a test block, this would mean that th@evenay degrade at a faster rate, as
early wood is of lower density and, in WRC, lowerrability. The opposite is true if
the distribution of late wood were skewed. So thientation of the grain allows for
the even distribution of growth rings that is regdifor an even and fair test. This is
not necessarily the case for the imported WRChagtowth rings in the native wood
are closer together, therefore, there is moreihkeld of acquiring a good range of
rings. The difference with the UK WRC is that tth@ber grows at a faster rate,
meaning that growth rings are spaced further agadrientated wrongly, a test block

may only possess one part of a ring, or a seasgrowith.

All test blocks, once cut, were taken to a roomhvhieating and individually labeled,
depending on how many blocks of each sample tree vegjuired. Labeled blocks,
also any spares or left over pieces, were laidooua bench to air dry for five days.
After the first day, all blocks were turned over,dssist in the drying process. After
drying, the test blocks were kept in number ordet earefully placed on to trays for
transportation to south Kensington, and the lalibeatcollege there. Each wood test
block was weighed to the nearest milligram and theasurement listed alongside the
corresponding sample number. These figures willded to assess mass loss at the
end of the experiment. It was at this point thiieo species of wood were added to
the list to be tested. Two separate samples obited, Native American Western
Red Cedar, were added, also Silver BimBkiula pendulaas a native, non-durable
species of hardwood. Another reference speciesaddsd to the list, for the test
hardwoods that were also added, Bedehgus sylvatica, was added as a native
hardwood, in accordance with BS EN 350-1 : 199/e Test blocks were packed
carefully into Petri dishes and then in to a boxtlkat the entire box could be
irradiated with beta radiation for twelve hoursheTblocks were packed in to the Petri
dishes in such a way as to have all blocks needledrfe type of fungi in one dish.
This organisation allows for ease of inoculatioriesft blocks and lower probability of

cross contamination. Also sterilised in the sarme, bvere bags full of plastic mesh,
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this is to separate the test blocks from the furagydture, initially, creating a few
millimeters if air space, therefore more realisBelow, table 3, shows sample codes

for each tree.

Wood source Short name  Code
UK Grown WRC tree 1 A Outer Ao
UK Grown WRC tree 1 A Inner Ai
UK Grown WRC tree 2 B Outer Bo
UK Grown WRC tree 2 B Inner Bi
UK Grown WRC tree 3 C Outer Co
UK Grown WRC tree 3 C Inner Ci
UK Grown WRC tree 4 D Outer Do
UK Grown WRC tree 4 D Inner Di
UK Grown WRC tree 5 E Outer Eo
UK Grown WRC tree 5 E Inner Ei
Native American grown WRC Board

2 WRC Import TD
Native American grown WRC Board

2 WRC Import TE
UK Grown WRC sapwood WRC sap H
UK Grown Scots Pine sap wood Pine Cont. P
UK Grown Oak Heart wood Oak G
UK Grown Beech Heartwood Beech FS FS
UK Grown Birch Birch BP BP

Table 3, wood groups and their codes to be usethamexperiment.

3.2 Fungal inoculation
Fungal cultures of brown and white rot fungi, athe@repared on Petri dishes, of the

following fungi species were used.

Coriolus versicolor(white rot fungi, in accordance with BS EN 350-1949)
Gloeophyllum trabeurtbrown rot, in accordance with BS EN 350-1:1994 .)
Coviophora putean@orown rot, common name ‘ Wet rot’)

Pleurotus ostreatu@nhite rot, common name ‘Oyster mushroom®)

Both white and brown rot fungi were used, two ofishhare those mentioned in the

BS EN regulations, which covers the fungi usecst hard and soft woods.

19



3.3 Obtaining the predicted dry weight of samples

A proportion of the test blocks from each set wkpt aside for oven drying, this is
to obtain an idea of dry mass of the overall sasipl€éhese blocks were dried in an
oven for 24 hours at a temperature of 105 dedtedaken out and weighed again.
The decrease in moisture, therefore weight, cam bieeused to calculate the predicted
dry weight of the blocks used in the experimeningishe following formulae. The
correction factor, used to calculate the predichgdweights can be seen displayed in
the appendix 1. Below the displayed formulae Hetal, which holds the average
initial wet weights, initial oven dried weights afxdmc of the oven dried blocks.

X = average % moisture content of block = Wet weiglry weight x100

Dry weight

Correction factor = 100 / (100 + X)

Predicted dry weight = correction x weight of iKadter 24 hours at 105 degrees C

Ave.Wet O.D.weight Ave.%
Wood wt. mg mg mc
A Outer 549.5 488.5 12.5
Alnner 514.6667 463.1667 11.1
B Outer 414.3333 375.5 10.3
B Inner 397.3333  355.3333 11.8
C Outer 506.3333  455.3333 11.2
ClInner 520.6667 466.3333 11.6
D Outer 481  430.3333 11.9
D Inner 482  432.3333 11.5
E Outer 5435  489.6667 10.9
E Inner 481.6667 431.6667 11.6
WRC
Import 4925  458.6667 7.4
WRC
sap 485.4 436.2 11.3
Pine
Cont. 769.6667  714.3333 7.8
Oak 1055.667 944 11.8
Beech 1050.167  964.3333 8.9
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FS
Birch
BP 1015.833 952 6.7
Table 4, Average wet and dry weights (in Milligrajrend

% moisture contents of the preliminary blocks,
before drying and after drying at 105 deg. C.

3.4 Test block inoculation

Inoculation of wood blocks with fungi was performed a ‘Laminar flow bench’
situated at the South Kensington labs. This cseatibow of sterile, fungal spore free
air, to work in, lowering the risk of contaminatifnom outside bodies. Large tongs,
sterilised with Ethanol and then flamed were useglace test blocks, in sets of two,
on to the fungal cultures. Blocks from the sanee tand part of the tree, thus, from
the same identification code, were placed in pairsthe Petri dish, on top of the
mesh. The fungi were cultured in the centre of Pegri dish, which was based in
malt agar, so blocks were placed either side &, theéar the edges of the dish. The
test blocks were arranged in their sterilisatiocka@es as such as to facilitate ease
and accuracy of inoculation, also to ensure thatakaqumbers of blocks were

inoculated by the different fungi.

Once all the test blocks had been placed onto fungtures, the cultures were then
moved to an incubator and kept at a constant teastyoer of 22 degrees C, following
the guidelines stated in BS EN 113 : 1997. Theselitions were kept for six weeks

and the fungi were monitored closely during thisdi

3.5 The collection of results

All cultures were removed from the incubator aridest blocks taken from the Petri
dishes. Any residual fungal mycelium was cleamednfthe outside of the blocks
using a scraper and they were then all weighedbtain the final wet weight. These
blocks were then collectively dried at 105 degréefor 24 hours, held in glass Petri
dishes. At the end of the 24 hour period the Idaskre each weighed, to obtain the
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final dry weight. Having obtained the relevargights post experiment, it was then
possible to calculate the mass loss, by subtrathiadatest figures from the predicted
dry weight, calculated earlier. As well as thise dry weight was calculated for the
post experiment blocks. All these calculationsevaerformed on ‘Microsoft Excel’,

a computer spreadsheet.

% moisture content = Wet weight - final oven dri@D) weight x100
Final OD weight

% Mass loss = Calculated initial OD weight - FidD weight x100
Calc. Initial OD weight

Following guidelines BS EN 350 - 1 : 1994, an Xaetbr test was performed for the
test blocks to attain the durability class, asoieh.

X = Average mass loss of test code

Ave. mass loss of reference

This test was performed on each tree specimenotimibner and outer samples. The

collective results were rounded together to givewar all picture of durability.

3.5 Statistical calculations

All statistical calculations were produced on Rréien 2.0.1), along with the box and
whisker graphs. The whiskers (error bars) show ittier-quartile range of the
sample. The use of box and whisker plots allovesdisplay of positive and negative
numbers. There was a problem as the sample woo#dblvere placed in pairs in the
same Petri dish, although from the same tree amd gfathe tree, possessing a
consecutive number to its partner, this is callsdudoreplication. To deal with this
one must either place each wood block in a sep&eitre dish, a problem for logistics
and storage, or adjust the calculations beforeopmihg statistical analysis. Each
pairs figures had to be added together and thedati\by 2, these averages of the two
numbers were then logged on a separate table,h@ndatculations done using these

figures. Replications for each treatment are no\, mot the original n=6. Further
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adjustments needed to be made to the percentagedigas percentages only run
from 0-100, this doesn’t allow figures to be anyrejoor less than this. So, all
percentages were decimalized, to create a figunehmvas more akin to use for
statistical purposes. So all these figures werveded using the Arcsine function of
the Microsoft Excel package. Statistical caldolad could be carried out from this
point (full table of converted data available inpapdix 2). Factorial analysis of
variance (Anova) was used to allow the analysigtaractions between explanatory

variables.
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4.0 Results

4.1 Observations made of the results

Coriolus versicolomwas one of the fungal specwhich was specified by BS EN 350-
1:1994 to be used in the official durability testSoriolus versicolor(CV) grew with

a thick and surprisingly solid mycelium, which cos@ the agar jelly on all dished
inoculated with it. The growth of mycelium tendedstay within the dish, though the
lid was firmly held shut by the strength of the dgahfibres. The fibres themselves
grew closely together, meaning that the body cdagdcut or broken easily. The
strength of the growth was such as to make pulipart or squashing quite difficult
with average finger pressure. On some speciefutigal attack spurred a resistance
in the wood which was strong enough to leach etites, these were very visible as
very dark brown staining of the wood and sometitiessurrounding area. Though
this occurred, the fungal growth still mostly cos@rthe blocks. Oak and Native
WRC are the only ones that visibly leaked extragjthough the pine and sapwood
samples seem to have hindered the growth of fungsisthey were only lightly
covered, they are both very spongy and wet compaitdthe other samples. The
picture below, figure 2, show how the extractives leached from native American
WRC and native Oak. The next picture, figure 3vehthe remarkable resistance of
Birch to this fungus, there is no growth on the da all. Pine is also slightly

resistant and is visible, though obviously beirtgcked.
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Fig 2, Imported, native American, WRC and Native,KUgrown, Oak. Picture

shows leaching extractives.

Fig 3, Scots Pine and Birch samples, showing fungmbwth.
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Gloeophyllum trabeun{GT) seemed to grow in a loose web like manner laasl
yellow/brown mycelium. Growth on dishes with angthbut WRC was strong and,
on occasion, exceeded the dish, forming a crustdiowth pattern around the edge of
the dish. All the test blocks were inundated vaittack, though the growth seemed to
be more superficial, this fungus could be scragéchore easily and could be cleaned
away with a finger nail. This is another BS EN 350994 fungus and both the UK
grown and imported WRC seem to have stunted ite/tir@mn the dish and evaded
attack. This can be seen in the picture belowr&gt, which shows the UK grown
WRC and the Beech.

Fig 4, Dishes containing UK grown WRC and Beech,tioe lack of fungal growth
in the WRC.

Coviophora puteandCP) didn’'t grow prolifically on any of the sample On the

reference species, the fungus grew in a very wiga&, fthough on Beech, the growth
was minimal on the blocks, however stronger onatlp@. In this instance the blocks
had leached extractives, although not as darkasoftthe Oak or WRC, it managed
to stave off the fungal attack. This can be seethé image below, figure 5, along

with a picture of a UK grown WRC specimen, whicts lieeen attacked and shows
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weak but definite growth of mycelium. The pictureldw that, figure 6, is of the
Imported Native American WRC, which was adept dtibriing fungal mycelium

with invisible extractives, and the not so adept ghdwn WRC, which has a (weak)
attack of CP.

Fig 5, CP growth on UK WRC and the resistance tteak from Beech.
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Fig 6, Imported American WRC, with inhibited fungagrowth and UK WRC

showing attack.

Pleurotus ostreatugPO) was a very invasive and aggressive specidangfus, so
aggressive, in fact, that the mycelium invadedahgre box of Petri dishes, this can
be seen in the picture below, figure 7. The PQ@fisr'was also the strongest smelling
of them all. The growth of fibres is loose bubsty, they can hold the blocks in place
firmly and it takes a twist of the wrist to remotleem. Both the Imported and UK
grown WRC were able to resist the attack from R@, Imported WRC extractives
are darker, though they are both effective andozageen in the picture below, figure
8. When looking at the picture, notice how the eliyon have been stained by their
contact with extractives and have ceased growtthat area. Oak also leached

extractives with this fungus.
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Fig 7, PO growth inside the box.

Fig 8, Resistance to PO in both Imported and UK gno WRC.
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4.2 Presentation of results

4.2.1 ANOVA calculation Tables

The results displayed are in the form of analy$igamiance (ANOVA) tables, which
show the degrees of freedom for each calculati@hsggnal any significant results by
the positioning of stars next to the Pr(>F) vall@immed data was used, to simplify
calculations and keep only the necessary, as trermany samples and | believe that
it is not necessary to complete calculations forsample groups. Instead, efforts
were kept to finding significant differences ovérahd at looking for interactions
between the component parts; fungus type, wood Derences between inner and
outer wood, linked with final weight, final Moistircontent and percentage of mass

lost between sample groups.

The table below (table 5) shows that there is aisoggint difference in the final
moisture contents of the tested wood samples (B634df=15, P<0.001). This
calculation includes all 4 fungi and all wood saengioups together. The categorical
explanatory variables in the first column are theuged wood samples, grouped
fungus and also the interaction between wood angus. The table also shows how
fungus type produces varied mc results also(F=28/ @=3, P<0.001) The wood
and fungus interaction row of the table shows siggmt relationship too (F=27.640,
df=45, P<0.001). The wood mc depends on the tyfengi associated with it.

Df Sum Sq Mean Sq afue  Pr(>F)
wood 15 0.95463 0.06364 38.46 2.2e-16 ***
fungus 3 148023 0.49341 2B%4.<2.2e-16 ***
wood:fungus 45 2.29652 0.05103 27.64Q.2e-16 ***
Residuals 128 0.23633 0.00185

Signif. codes: 0 ***'0.001 **'0.01 *' 0.05'0.1 " '1

Table 5, ANOVA calculating M.C. with fungus and wdanteractions, after arcsine
calculations
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The next table (table 6) shows how significantlifedtent the samples were in their
mass loss, a calculation taken from the differdreteveen the start, predicted oven
dried weight, to the final oven dried weight, themed into a percentage. At the end
of the experiment there is an obvious differendgvben grouped wood samples
(F=25.5736, df15, P<0.001). Again, the fungus $ypeduced different results
between them (F=28.9539, df=3, P<0.001). Also,nteractions between wood and
fungus type are also significantly strong (F=4.98%645, P<0.001)

Df Sum Sq Mean Sq Fueal Pr(>F)
wood 15 0.83009 0.05534 25.573B.2e-16 ***
fungus 3 0.18796 0.06265 28.9529342e-14 ***
wood:fungus 45 0.48548 0.01079 4.9856 27613 ***
Residuals 128 0.27698 0.00216

Signif. codes: 0 ***'0.001 **' 0.01 *' 0.05'0.1 "'1

Table 6, ANOVA calculating Percentage Mass loss éadecimal) with fungus and
wood interactions, after arcsine calculations

The table below (table 7) is specifically to firfkgetdifference in mass loss between
the inner and the outer samples of UK grown WRErdfore all other reference
species have been omitted from the calculatiorgerdis no significant difference
between the inner and outer samples, though tlgufutype has a significant bearing
on the mass lost in the collective samples (F=20d8-3, P,0.001). The wood and
fungus interaction is less, though is still sigraft (F=2.0436, df=27, P<0.01)
without the reference wood species, as can beisdha third row. The response of

the wood to the fungus is less than when the reéerepecies were included.

Df Sum Sq Mean Sgvalue Pr(>F)
wood 9  0.029938 0.003326 12630.2699047
fungus 3 0.055442 0.018481 8201 0.0003000 ***
wood:fungus 27  0.145295 0.005381 2.043B0075536 **
Residuals 80 0.210661 0.002633

Signif. codes: 0 ***' 0.001 **'0.01 *'0.05'0.1 "'1

Table 7, ANOVA table to determine the differenceween percentage mass loss in
inner and outer wood in the UK WRC alone.

In contrast to the non-existence of mass loss wamiamoisture content (table 8),
calculated between inner and outer wood of UK WRD&shows a very significant
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result (F=27.3536, df=9, P<0.001). The wood samgtevary considerably from
each other when mc is taken as a percentage of Mdss significant is the variation
in fungus action (F=480.5979, df=3, P<0.001), itvdoseem that some fungi
promote a wetter wood than others. The wood tgusrinteraction is very obviously
a close one, with yet another significant link (F6€85, df=27, P<0.001).

Df Sum Sq Mean Sq Fvalue Pr(>F)
wood 9 0.41661 0.04629 27.3536 2.2e-16 ***
fungus 3 243992 0.81331 480.59%R.2e-16 ***
wood:fungus 27 0.44318 0.01641 9.69959.688e-16 ***
Residuals 80 0.13538 0.00169

Signif. codes: 0 ™***' (0.001 ** 0.01 * 0.05'0.1 '1
Table 8, ANOVA table to determine the differencetlseen mc in the inner and
outer wood of UK WRC alone.

4.2.2 Graphical illustration of results

In the graph below (figure 9), percentage massitpotted against wood type for all
four fungi. Mass loss is expressed as a decintplrdi though still shows the
proportion of mass lost from the test group over élxperiment. It can be seen that
there is a slight difference between means of ianerouter wood samples of the UK
grown WRC, samples A-E. As mentioned earlier, ANDVA tables showed this as
an insignificant difference (table 7). The sample& show a larger difference in
their ranges, although it seems that the outer wasda smaller range of results, i.e.
their weights were closer to a mean, they seemo, &tshave the furthest outliers.
From the graph it is evident that the referencecisgereacted more to the fungus,
especially Beech and Birch. Note how WRC sapwaeddch was expected to lose
weight, loses less than the pine control woodis Kurprising that Beech and Birch
have lost so much percentage of their mass. bohncomment on the phenomena of
samples actually having gained weight over the exynt, this can be seen on many
of the inner samples of UK WRC, though if only loul at the means of these plots,
one can see that overall weight has remained.

Table 9 below can be used as a key to the x axtseotharts;
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Short name
A QOuter

A Inner

B Outer

B Inner

C Outer

C Inner

D Outer

D Inner

E Outer

E Inner
WRC Import
WRC sap
Pine Cont.
Oak

Beech FS
Birch BP

Table 9, Key table for x axis on graphs
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Fig 9, Percentage mass loss of the grouped sampgpressed as a decimal figure

The next graph (figure 10) illustrates the moistaomtent as a decimal figure and
from this it is easy to see that the results aresda It is interesting to see that the mc
of Oak was so high, in fact it is the largest figuthough with one of the smallest
ranges. There is a very visible difference betwdwnmc figures of the inner and
outer samples of UK WRC, this can be seen venjyehgilooking at the means. The
Imported WRC samples seem to have not faired vesly kere, compared with the

majority of the home grown WRC outer wood sampldswever, the Import WRC is
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better than the inner wood of the UK WRC, some hiclvy seems worse off than the

reference Beech, Birch and Pine control.

Figure 10, The final moisture content of the varisuypes of test wood.

Looking at the interaction graph below (figurelheoccan see how fungus type and
wood interact when Moisture content is plotted.e@an clearly see that, for the UK
grown WRC,Coriolus versicolorwas the most influential to the wood mc overall,
though Pleurotus ostreatupeaked past this, as it did for all the UK WRCann
samples. Gloeophyllum trabeumand Coviophora puteanawvere less influential,
though still peaked on the inner UK grown sampl€y/ seems to be slightly more

uniform about the mc of inner and outer sampleshis case it seems to be the tree
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specifically which determines the mc level. Theptrted WRC doesn’t look any
better at controlling its mc than some of the hayreawvn WRC. WRC sapwood is
noticeable by its high GT (the highest) and inceelaSP. The real difference can be
seen when the reference species are looked aseTaeise the fungi to create a more
uniform mc in the wood over all the strains. InkQ#or instance, the moisture

contents of the samples exposed to PO, CV and @dtipally converge on one point

on the graph, obvious uniformity.

Fig 11, Interaction plot between wood and fungustiwvimoisture content plotted in
decimal figures.

The final graph (figurel2) shows how percentagesnhass looks when plotted with a

fungus and wood interaction. In general, the WR@nfthe UK seems to have held
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off attack better than the reference material. r&hae only a few large peaks, the
largest one is CP on B inner. Smaller peaks cam la¢ seen on the inner samples of
UK WRC when looking at the CV plot, the others doséem to be dependant on
inner wood to thrive. The imported WRC has caubediungi to converge at a point
just above zero, meaning that it, along with Oakrenthe best out of all samples at
holding their weight. Pine, Beech and Birch losirenbecause of CV, CP and GT

than the other samples, Birch and Beech sufferednibst from GT.

Fig 12, Interaction plot showing mass loss plottedth an interaction between fungi
and wood.
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4.2.3 Timber durability assessment

Following guidelines BS EN 350 - 1 : 1994, an Xaetbr test was performed for the

test blocks to attain the durability class. Thisttevas performed on each tree

specimen, inner and outer samples. The collectiselts may be rounded together to

give an over all picture of durability. Table Iielow, gives the average percentage

weight lost from each of the grouped blocks forhemgus type. The pine control
has its own column for reference and the durabiéitcording to BS EN 350 - 1:1994,

is listed here.

Wood
Coviophora
puteana
A QOuter

A Inner

B Outer

B Inner

C Outer

C Inner

D Outer

D Inner

E Outer

E Inner
WRC Import
WRC sap
Pine Cont.
Oak
Beech FS
Birch BP
Coriolus
versicolor
A Outer

A Inner

B Outer

B Inner

C Outer

C Inner

D Outer

D Inner

E Outer

E Inner
WRC Import
WRC sap

Fungus

CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP

CVv
CVv
CVv
CVv
CVv
CVv
CVv
CVv
CVv
CVv
CVv
CVv

Ave %
loss

0.612095
3.456086
0.931538
21.63149
3.91383
2.674515
-2.75043
3.747879
1.270451
1.068401
0.207398
14.10957
14.10957
1.303498
19.1585
30.51374

-0.07873
5.891407
2.611844
5.391537
1.019121
8.445884
1.218761
4.796026

0.67722
3.166906
1.188143
8.483628

Pine
cont.

14.10957
14.10957
14.10957
14.10957
14.10957
14.10957
14.10957
14.10957
14.10957
14.10957
14.10957
14.10957
14.10957
14.10957
14.10957
14.10957

8.483628
8.483628
8.483628
8.483628
8.483628
8.483628
8.483628
8.483628
8.483628
8.483628
8.483628
8.483628
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X factor

0.043382
0.244946
0.066022
1.533108
0.277388
0.189553
-0.19493
0.265627
0.090042
0.075722
0.014699
1

1
0.092384
1.357837
2.162627

-0.00928
0.694444
0.307869
0.635522
0.120128
0.995551

0.14366
0.565327
0.079827
0.373296
0.140051

1

Durability

Very Durable
Durable
Very Durable
Not Durable
Durable
Durable
Durable
Very Durable
Very Durable
Very Durable
Not Durable
Reference
Very Durable
Not Durable
Not Durable

Slightly Durable
Moderately Durable
Slightly Durable
Very Durable

Not Durable

Very Durable
Moderately Durable
Very Durable
Moderately Durable
Very Durable

Not Durable



Pine Cont.
Oak
Beech FS
Birch BP

Gloeophyllum

trabeum
A Outer

A Inner

B Outer

B Inner

C Outer

C Inner

D Outer

D Inner

E Outer

E Inner
WRC Import
WRC sap
Pine Cont.
Oak
Beech FS
Birch BP
Pleurotus
ostreatus
A Outer

A Inner

B Outer

B Inner

C Outer

C Inner

D Outer

D Inner

E Outer

E Inner
WRC Import
WRC sap
Pine Cont.
Oak
Beech FS
Birch BP

CVv
CVv
CVv
CVv

GT
GT
GT
GT
GT
GT
GT
GT
GT
GT
GT
GT
GT
GT
GT
GT

PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO

8.483628
2.103532
37.92812
11.60011

0.064073
0.715161
-3.90266
-0.98263
-0.19322
-0.31185
5.92619
0.347948
2.413729
0.202066
0.398737
0.570317
0.570317
1.118531
18.98481
24.91113

-0.43038
-1.81368
1.51577
-3.87015
-2.90465
-2.54627
0.530647
-3.1581
1.013137
-3.39137
-0.01154
1.869186
1.869186
2.032011
8.711006
5.822311

8.483628
8.483628
8.483628
8.483628

0.570317
0.570317
0.570317
0.570317
0.570317
0.570317
0.570317
0.570317
0.570317
0.570317
0.570317
0.570317
0.570317
0.570317
0.570317
0.570317

1.869186
1.869186
1.869186
1.869186
1.869186
1.869186
1.869186
1.869186
1.869186
1.869186
1.869186
1.869186
1.869186
1.869186
1.869186
1.869186

1
0.247952
4.470742
1.367352

0.112346
1.253971
-6.84296
-1.72296
-0.3388
-0.54681
10.39104
0.610095
4.232258
0.354305
0.699151
1

1
1.961244
33.28816
43.67945

-0.23025
-0.97031
0.810925
-2.0705
-1.55397
-1.36223
0.283892
-1.68956
0.54202
-1.81436
-0.00618
1

1
1.08711
4.660321
3.114892

Reference
Durable

Not Durable
Not Durable

Very Durable
Not Durable

Not Durable
Moderately Durable
Not Durable
Moderately Durable
Slightly Durable
Not Durable
Reference

Not Durable

Not Durable

Not Durable

Not Durable
Reference

Not Durable
Not Durable
Not Durable

Table 10, durability assessment table, showing ager % weight loss, pine control

weight, X factor figure and durability class.
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5.0 Discussion

From the outset it is clear, just from looking la¢ tresults of this test, that there is a
marked difference between all species of treavakk expected that the pine reference
species would decay during the test, this is tlasae that it is used as a comparison
for the others to be marked on. However, it isvinothat Scots PineP{nus
sylvestrig is a non durable species and it was thoughtttietproject could benefit
from the addition of some durable, and some quirdkving native species. It had
been assessed that UK grown Western Red Cedarevagiurable (Roberts, 2003),
so another homegrown, but native, equivalent wquaties, Oak, was chosen to run
the test along side it. It has long been knownh @&k is Britain’s durable wood, so it
was wondered whether UK grown Western Red Cedar@yWould be a match for
it. The draw back with Oak, though, is that itetatively slow growing and if it were
to be a fair comparison of British species over tiesothen another, faster growing
durable species would need to be chosen also. hBgagus sylvaticais a faster
growing species than Oak, though it is not as darab was thought that it may
compete with WRC grown in this country. Among theable heartwoods, was a test
of homegrown WRC sapwood, this was to test the wadode, without the extractive
content of the heartwood. Finally, a non-dural#artwood was introduced into the
test, that of Birch Betula pendula This was to show the difference between our

durable and non-durable fast growing species atideas wood.

As the test began it was evident that there wergsiva differences between Native
American WRC boards that were obtained and the Wdvg WRC. Firstly, the
weights were very different from each other, theekican boards were lighter by far,
and this could be felt just by picking them up. vitg lifted the home grown boards,
they were much heavier. Other differences wer® &tsind between the two
varieties. On picking up the American version, cae feel how the wood can be a

very effective insulator of buildings, as the h&aim the hand is retained and the

40



wood feels warm to the touch, more so than in tbendn grown variety. The
American wood is darker, the slower growth and atenallowing the extractives to
be laid down more densely than in the British cliena Finally, also the reason for
much of the above difference, the annual growtlysiare closer together in the
American WRC planks than in the much faster grovnigish version, which visibly

had a large and fairly coarse grain.

In preparation for the beginning of the experimevwpd blocks were numbered and
samples of them were oven dried to attain the geenaoisture content. From this a
correction factor was obtained to allow predicteg weights of the blocks overall,
calculated from the starting, wet weights, of théividual blocks. Overall mc of UK
WRC were relatively uniform at around 10-12 %, tisi® good figure and acceptable
for a timber used in construction, the limit beimgt much more than this. The low
moisture was achieved by cutting the blocks inamgles first, then drying them as
small samples. This is a change from Roberts (R@@3 commented that the blocks
were not uniform in their moisture contents at skeat of the experiment, as the logs
were dried as large pieces of wood and then cuaning that there were still damp
patches at the core of the log. The current erpart’s uniformity aided the current
project in producing a more viable result. The amed WRC was of a lower mc,
around 7%, also the pine samples were the samé&. s@uaples were wetter, around
11 % then the Beech and Birch drier, akin to theePand imported WRC. This
intriguing fact could be due to the conditions ttiety had been stored in. The home
grown WRC and Oak had been obtained in the figiéddor a week and then tested,
whereas the Pine, imported WRC, Beech and Birchbleseth stored in the laboratory
at South Kensington. Conditions here could berdeiher that or the length of time
in storage, which was longer than the field acqlisamples, may have played a
factor. Most importantly, though, all of the saegpMere within the standard levels
of mc before the tests began. The mc of wood 8taly important factor and
determines whether or not timber will suffer attdmk fungi during its service. As
mentioned earlier, water is a key element in furagaivity and must be present for
wood decay to occur. If the water is not preserthe wood then it may be obtained
from sources nearby, being transported along thgduhyphea (Morris, 1998).
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Whilst obtaining the final wet weights of the blschkt the end of the experiment,
observations could be made about the action of &awjus and its reaction to each
wood type. All the fungal types grew well on thgag which is no surprise, as not
only were they forced to grow along it from theaitiial location in the centre of the
dish to reach the wood blocks at the edge of thle, diut agar is a source of food and
water for many organisms in scientific experimentswas noticed that some fungi
grew better than others with certain types of wodgbriolus versicolor(CV), for
instance, grew well on all plates and covered ta &ayer at the bottom all the time.
Even when the fungus did not take to the wood, sschn Birch, the agar layer was
covered underneath with a thick, white myceliunhere was thick growth on most of
the blocks, though Pine seemed to be slightly taasigo the fungal advances. The
growth of CV on pine seemed weaker than on therapecies, this is surprising for
non durable species, though upon harvest it didsfgengier. This could be because
of the Pine resin, which holds some extractive dbals, some of which could be like
the afore mentioned repellant toxins, though iktle the case, they are not very
effective as the blocks were still covered. Makely, is the fact that CV, as it is a
white rot, is not able to break down the ligninchel the Pine as well, as it is held in
conifers in a higher amount than in hard woods {Mpr Even more surprising is the
lack of growth on Birch. The plate was covereautih the wood was untouched by
mycelium. Resin inside the wood must be the calskling toxins unsuitable for
fungal growth. On wood blocks where growth wasatgst, such as Oak and WRC,
the mycelium in contact with the wood and the waisélf was stained to a dark
brown with extractives. These, on occasion, leak&at to droplets which found
themselves on the Petri dish lid and soaked thedviaback.

Gloeophyllum trabeunfGT) plates were different and some wood showge|lent
chemicals in their make up. The fungus seemeddw g a weaker style than CV,
more of a loose web like structure of mycelium,utjo this is not necessarily the
cause of its failure to grow on wood. Many of teérence species, Beech included,
were inundated with mycelium and did not seem $istéhe advance. This happened
to all but WRC, which managed to suppress the draftmycelium to such an extent
that it was confined to a narrow strip of agar etvieen the two wood samples.
Coviophora puteandCP) plates grew, though not as impressively aspievious

two. All but the imported WRC were affected bystliungus. Even if growth on
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wood blocks was weak, the agar growth was in ex¢cggeand normally covered the
plate floor. In Beech the fungus promoted a mésxwactives to soak and stain the
wood a darker colour. In imported WRC the reactbnhe fungus to the chemicals
in the wood was such as to restrict growth alorg glate floor in some instances,
though certainly resist growth on said sample. rdttives stained any mycelium
which came close to the block, here the invisibderier could be seen. Finally,
Pleurotus ostreatugPO), as mentioned earlier, was a very invasive aggressive
species of fungus. Although the imported WRC pdotlee best by not allowing
growth on its wood, it is here that one can seelikegrown WRC extractives stain
the invading mycelium with an edge of dark brovResistance to this fungus extends

to repellant qualities in the wood chemistry, sameelial growth is hindered.

This time, all of the wood was weighed to obtawvet weight and it was clear that all
blocks had gained weight. On oven drying, thisghieicould be put down to an
increase in moisture content in the wood blocksndal growth has been achieved by
utilizing the moisture in the agar jelly, upon imtetion, and continued upon the dry
wood by transporting water from the jelly to thguaed location in the wood through
mycelium fibres. It can be assumed from this #ikafungi had an equal opportunity
to decay each block as far as moisture availalgityoncerned. There was, though,
an intriguing phenomenon, which appeared evideet dfie blocks had been dried.
Some of the blocks had gained weight, that is esed in weight from the predicted
oven dried weight, over the course of the experimienthe final oven dried weight.
There are a few possible explanations for thigstlyi all of the wood blocks were
weighed individually, to obtain the wet startingiglg. However, from here, only
small samples of blocks were taken for oven dryiiegpbtain a dry mass weight.
These weights were then used to calculate a carnefetctor for the other, wet blocks
to receive a predicted dry weight, through mathé&satlone. This was preferred
over oven drying all the blocks collectively, theal of the oven at 105 deg. C over 24
hours would have changed the chemistry in the wsawhples, lowering natural
durability. For this reason, the samples that waken for oven drying before the

experiment were not used in the fungal inoculagart of the experiment.

There are problems that could have arisen fromrtt@ghod. One of the possibilities

could be that not all of the blocks were the same@t, as there were natural floors
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in the timber, some may have been heavier. Als® proportion of blocks taken for
the initial oven dried weight was small; only 6 ¢#s at the most, this may not have
been a viable sample of the whole group. Thud) bbthese could cause errors in
the final calculations. Also, the end oven drywigthe blocks may not have been
long enough, the blocks were very wet when theydwadpleted the test, 105 deg. C
for 24 hours, may not have been long enough forbtbeks to completely dry out,
therefore, some of the blocks could still have beest, if only slightly. This
possibility is compounded by the fact that Robef2§03) held the blocks for 48
hours at 50 deg. C and the 48 hours at a temperafdr05 deg. C, measuring weights
every 24 hours as the process of drying was inrpesy Roberts, (2003) suffered a
similar problem during her experiments with WRC,en some of the blocks had
gained weight after the experiment, though theksdagere dried at 50 deg. C, this did
not dry them enough, this is where the anomaly need. The blocks were dried
at a higher temperature, as planned, at 105 demdChis seemed to dry them, as a
net weight loss was observed in these blocks flusdoint. This information brings
a conclusion that, if Roberts had dried her bloak$05 deg c for 48 hours and, over
all, detected a net weight loss, perhaps, 24 haturgd05 deg. C in the current

experiment was not long enough to detect an accuestlt.

Finally, there are, however, more positive explemat for the increase in weight over
the experiment period. The fungal mycelium grows only on the surface of the
wood but inside the wood structure. Although thegdi were cleaned away from the
surface of the blocks, though a residue may remaitso the growth could not be
cleaned from the internal structure of the block#ernal growth may have increased
the mass of the blocks. The weight is then dep@nale whether the mass lost from

the block exceeds that gained from the additiotheffungal mycelium.

When looking at the percentage mass loss charti(@&ig) of the grouped samples in
the results section it is firstly noticeable thiaé tinner and outer blocks of the UK
WRC are different. This, though, is the amount ttee samples differ from the
mean, when looking at the means, one can cleadttss the samples don’t differ
from each other much at all. A closer look at &#4OVA table for inner and outer
wood difference, earlier on in the results sectiable 7), shows that they indeed are

not significantly different from each other. Hoveeymass loss, over all the samples,
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does differ between blocks, when reference specivolved. This can be seen in
the highly significant ANOVA table (table 6) andsuilly represented on the afore
mentioned graph. This shows that WRC lost lesggiteover the course of the
experiment than the reference species. Only Oalples matched WRC in this, Oak
acting in a similar way to the outer samples of WHRC, not only in mean weight
loss but in possessing sample variation closedbritean. The wide variation of the
inner samples of UK WRC could be due to minor clesnig extractive levels, as the
samples were taken from the first few rings frore fhith. There could be some
samples close to, or including the pith, as this sbjective estimate and there could
be human error in deciding where the pith actualigs. From the pith, the next
growth of rings starts to possess some levels whetkes, these increase in potency
as one reaches further towards the edge. Soyahigtion could contribute to the
weight loss sample variation. Hamt. al (2001), found a similar response, in that
extractive levels are variable in wood near thh.pit was found that the highest mass
losses were in those samples with very low Tropelevels, while the samples with
higher amounts of Tropolones had a lower, lessabéidegree of mass loss, overall.
This said about heart wood, it is nice to see WRIC sap wood has a lower mass loss
than the pine control, and that even the moderakatgble faster growing hard wood,
Beech has a higher mass loss than all of theseh Bias higher than pine, which was
surprising, as it was expected that a hard wooddvioave a slightly higher durability

to the pine, which is a non-durable soft wood.

Moisture content is a different story, when lookatghe ANOVA tables (table 5) it is
clear that the samples differ over all and alsmsithe inner and outer samples of
UK WRC (table 8). Itis easily seen upon lookindhee graph (figure 10) that there is
a marked difference between the inner and outerWIRC samples. It is quite
evident that the inner samples contained more oreisit the end of the experiment
than the outer samples. Although the means ofirther and outer samples differ
from each other, there is still a definite patteetween them. Samples vary from the
mean in each of the wood types, though there i®alopattern to be seen between the
UK WRC samples. The inner or outer samples dovant, visibly, any more or less,
as with the mass loss graph, only the higher samgaie higher, and visa versa. As
mentioned earlier on, moisture increases as thelwdecays and mass is lost. This

was found by Harmon and Sexton (1995), who sugdebksg the maximum moisture
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content of a decaying sapwood increased as decaygased and density declined.
In heart wood, the pattern was more complex ardependant on whether the wood
is decay resistant or not. This is not that heJ@s it is known that the heartwood of
WRC is durable. It is also known, though, that faenples are of both inner and
outer heartwood. As mentioned earlier, there difference in durability between
these two locations in the heartwood. The way inictv the tree lays these
Tropolones down has been found to follow a gengadtiern of increasing from the
pith to the most recently formed heartwood and tHenreasing in the sapwood.
Therefore, extractive content in heart wood seembet related to tree age (Nault,
1988). This gives a better explanation as to wimgi and outer wood mc differs. It
does not, however, explain why the WRC sap woodg¢hvehould be more durable,
has a higher mc than that of the pine control, wisbould be less durable. This,
instead, could be due to wood density, the poreesgi@ough which water may enter,
WRC sapwood was more porous. The Oak moistureenbig higher than both of
these and it is of a higher density, so this argunh@s to stop here. Harjet. al.
(2001), holds a more worthy argument, stating thet explanations can be given.
Firstly, the concentration of extractives is highban in sapwood, secondly, the
structural and chemical properties of heartwood enakiess permeable to water.
Resin accumulates in cells and the resin canalblaoked off with tylosoids. These
and other factors combine to prevent water movernmetite tissues. It is stated that
resin acids provide resistance against decomposisoa result of their hydrophobic
properties, not their general toxicity. If thistrsie, WRC outer wood resins could
hold more hydrophobic properties than the referespexies, especially Oak. Also,
the Pine heartwood could be more durable than tRE€Wapwood.

Taking a look at the interaction graph between wiype and fungus (figure 11), with
moisture content plotted as a decimal figure, it lba seen that there is a pattern in the
UK WRC where moisture content of outer wood onfatigi, apart fromCoriolus
versicolor,is low. Levels of moisture for inner and outeroslcare lower anyway on
Gloeophyllum trabeunand Coviophora puteandungi, especially when compared
with the reference species. With the exceptiothef B samples inner wood, mass
loss is low on all WRC on all fungi when compareithvihe reference species. Over
all, though, the imported WRC has more stabilitytbe mass loss graph, showing

that it performed in the same way for all the fundihe moisture interaction graph
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shows that the import WRC matches the inner woothefUK WRC. It is unsure
where the samples of imported WRC were taken fromthie tree, though its
durability, as it is a slower growing and darkee@men, should be better than that of
the home grown variety at resisting moisture, ieroistry inside the wood is the
cause, according to Harjet. al.(2001). If resisting moisture were key to durapjli
the outer wood of the homegrown WRC is more durétidé the import as it has an
overall lower mc, certainly lower than its own inwéood. If there could be a method
of obtaining more wood from the homegrown varietyh@ outer woods quality then

Britain could rival the import timbers qualities dfirability through more of the UK

log.

5.1 Durability

BS EN 350-1:1994 emphasises that durability shdiddbased on performance of
wood on the fungi which causes the greatest losmass. In this cas&oriolus
versicoloris the most vicious of the four, yielding the masass loss of the woods
collectively. WRC import has the same durabilis/the outer wood of UK grown
WRC, though sample B is lower and sample A wasighweain, or anomaly. In this
case the durability, if taken as a collective resot CV, for the outer wood of the
home grown WRC and the imported WRC are the sahiés means that the viability
of UK grown WRC as a local, durable timber resousghich is fast growing and
suited to the British climate is more certain asa®this project is concerned. In fact,
as far as this project is concerned, the homegitowiper is a much better option for
those who require a moisture repellant species tbhe UK grown Western Red
Cedar has more attributes than many native forespgcies, if grown in larger
guantities, the need for imports would be less.rr&u forestry policy, though, is
hailing the return of the native species, as a nmawiral, wildlife friendly forest
management is undertaken. The current usage OVRE in British forestry is low
and it may take another vast shift in policy torease its use. Not through forestry
needs and wants, though, but the local economybrahe influential character. As
environmental concerns rise, the desire to buyllipcrom smaller producers, may
rise too. This may stem from the same thinkingoaging in to organic farming,

which have the image of using less chemicals amfus more sustainable system.
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So, buyers may see the reason to buy timbers wieighire little, or no, chemical

treatments, woods which are naturally durable,abal/e all locally produced.

6.0 The Life Cycle Analysis of UK grown Western Rededar

The idea of LCA was outlined earlier in the repamt it was discussed that LCA can
be a very useful tool in the management of enviremially aware industries and can
play a key role in the environmental impact assessraf products and processes. It
was also discussed that the LCA process has begneatdfor the forest industry. For
this project the computer program ‘Sima Pro’ vars@®0 has been used. This is a
comprehensive LCA program, produced by a Dutch fitaiR.E. Consultants’, who
specialise in creating environmental profile andeasment packages, for use in
industry. The original version of Sima pro wasdweed in 1990 and this updated
version has many detailed databases, comprisingaiher of production inputs and
processes, including fuel used, transport type sizd, raw materials and even
disposal. Along with this extensive inventory detse, there are also a variety of
different impact assessments to choose from (PRE5)2 All data are graphically
presented at the final result, which makes intégpi@ simpler and the results more
understandable.
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6.1 The LCA research

Based near Wadebridge, in Cornwall, the sawmillernghwe obtained the wood

samples for the durability study, is run by TinonRaley. His company, ‘Rawnsley
Woodland Products’, uses timber from the nearbyhyusf Cornwall Estate, where

there are around 40 - 50 small woodlands, run byOhbchy’'s own foresters. The
area covers around 2000 acres, of this, around éanger and only 5 % of this is

WRC (Richards pers. Com.). In this particular gtiude have been concentrating on
the Western Red Cedar he works, which, at thequéati time that we visited, was

obtained from a woodland in Callington, near to shevmill, around 25 miles away.

It is this which we shall be concentrating on, ttetails used for the study will be
based on this.

The woodland is around 1 %2 acres and was planigdWRC, the planting was by
hand, so was any weeding which took place. There kowever a small amount of
Glyphosate herbicide which was applied to the ameand the base of the planted
tree, to reduce competition during the early stagfegrowth. Planting is shifting to
natural regeneration and a continuous cover foresgstem (at time of writing),
where there is variation of height and ages withia stand is ideal for the trees to
repopulate themselves through seed fall (Richdpagss. Com, 2005). In this case,
however, the crop was clear felled at 45 years asld the crop shifted over to
Douglas fir. This was because of a problem onwith Butt Rot, therefore, all the
crop had to be felled and replaced with a morestasi species of tree. During the
growing process there were problems with Rhododendmd Laurel, which are
invasive, but can be weeded by hand as their logsitire patchy. On occasion a crop

may need to be gapped up, meaning that the crogs, edrly stages, may have failed
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in certain patches. If the losses are no more ®&0% then this may be acceptable.
Often, other species may grow in the gaps, sudirak (Betula sp), or other natives,
this adds to the diversity of the wood and themftihe environmental benefit. There
may be natural regeneration in these gaps alse,ctlm be left, as the variety in
heights may also be a benefit to the forestry systdf the losses are too great,
though, then restocking these areas, by plantimy, mecur, again, by hand (Richards,
Pers.Com, 2005). Planting required no cultivatwnfertilisers, indeed, there was
little other input until the thinning phase . Dagithinning, for which the estate used
a crown thinning regime, the weaker trees are reudoe allow the stronger, more
‘usable’ trees to grow on with less competition fight, space and nutrients. The
term ‘usable’ is aimed at the foresters need fibr s&raight timber. In this particular
wood, though this was not always the case, thimmead was extracted, after felling
by the traditional method of chainsaw, by forwar@ded then the saw logs were
transported by 20 tonne lorry to the saw mill 23esiaway. The 20 tonne truck,
however, could only carry around 16 tonnes of WREthe natural taper of the trunk
meant that fewer logs could be carried. Of tharted wood, around 50 % of it was
cut to saw logs and the other 50% was turned putp wood. On harvest ,which as
it was stated earlier was by clear fell methoduath60% was turned into saw logs
and 20% was turned in to pole logs, smaller tham Isgs, though still useful. The
other 20 % could then be turned in to pulp wood famting materials, which would
be cut on site (Richards, Pers. Com, 2005). The good return and is higher than
the normal ratios for saw logs, although the treese harvested at an older, more
mature 45 years old, the norm would be around 3rsyeld. During this time,
various repairs may be needed on the access tiesyould simply be performed by
a digger, to repair any holes made in the infrastme by the forwarder, or

transportation using the available mud (Richardss pCom).

Once at the saw mill, the logs were cut in to camis the finished product from these
cants. The residual wood, off cuts from the cawse used for firewood and were
sold locally, there was also a small measure € dich was recovered, and around
30%-40% could be recovered from these. In thi® ¢hs project is looking at the
processes involved in the production of claddingrtds, which measure 1” x 67,
though can be 1"x8” and measure the length ofahetey are cut from, around 2 m.

In cross section, they taper from 34" to 1/8” (RalegsPers.com., 2005). The cutting
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process from cant to board creates a measure oflgstyvaround 20-25 Kilos per log,
in this case it was given to a local farmer, thduglould be sold also. The cutting
process uses up fuel for the mobile band saw andrwa lubricate the saw, though
in the case of WRC, water is not needed. Ovehate is a 60% recovery to the
finished product (Rawnsley, Pers.com., 2005). Gnutethe boards were dried using
an ingenious 'Solar Kiln'. This allows the sun’seegy to heat air, which is then

pumped into a chamber holding the wood. The pmotases approximately 6 weeks.
Once the process is completed, the boards canabspirted to their destination,
where they would be fixed into position and sthetit service life. This involved

transport and banding to strap the boards togeiingikeep them in place whilst being
delivered. For this investigation we are usingpacific building which was used to
exhibit WRC shingles, on a showground, nearby &dsw mill. The distance from

the mill is 3.5 miles, the area in meters squaredladding needed for the average

house is about 100 m3 (Rawnsley, pers. Com. 2005).

Once the service life of the cladding has endesl déicision then is as to the disposal
of the wood after use. There are various optiagther recycling, in to another use,
dumping in a municipal dump, burning in a municipeadinerator or a very good idea
of burning as biomass, for conversion into elettiricThe latter, though, requires the
use of a chipper, to cut the wood planks in to tanaghips, around an inch across, for

ease of burning.
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6.2 LCA Method

The aim of the LCA was to provide information abtlu environmental impacts of
growing, felling and transforming WRC grown in thK, in to cladding. The
analysis of life cycles of the cladding includedivas potential outcomes, end use as
biomass for electricity generation, also recycliag timber for another use.
Information gathered from various sources, disalissethe previous section, ‘LCA
research’, was entered in to the Sima Pro computgram and likely outcomes were
displayed as flow charts and graphs.

Various processes were broken down to their comutgmerts, such as felling, where
chain sawing, extraction and transport are sepanaiters. Also analysed was the
wastage likely to be produced at each point. Ttening stage of forestry, for
instance, can produce small wood, which is not Usecladding. Growing stage
chemicals were added in to the system from the ctenmlatabase, known processes
which create them and known pollutants were caledlaautomatically from these,
pre researched, processes. Graphs were produceshow the proportion of
environmental impact that each process plays cosdpaith the others in the system.
Flow charts were constructed to show the processésgical order as they would

appear in the production system, each process hmden to show their inputs.
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6.3 LCA results
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Fig 13, Flow chart for growing WRC

and thinning.

This flow chart (figure 13) shows the
growth inputs and thinning inputs on
the growing 1lkg of WRC from
planting to the point where the tree is
mature standing timber. The flow
runs from bottom to top. Notice the
thick line from petrol, on the lower
left side, which follows the chain
sawing and felling operations route.
This denotes the large input of petrol
to the thinning input as a whole.
There is an element of pesticide
application, through the medium of
Glyphosate, a herbicide, which is
used for the control of weeds around
the sapling trees at the earl stage, this
has a thin line, showing that its

impact on the environment is low



overall. The longest line is of the log transpbora lorry, this has the process of
manufacture of the machine attached to it. Thetdraon the top left side is for
extraction of cut logs from the forest, this alsasha small impact in the system

overall.

The graph below (figure 14) is a description of tirewing and thinning process
explained above. The bars are a characterisafitimeamportance of each input to
environmental damage and show % of each comportage Sn that pollutants
catagory. Note how important felling operation® an the scheme of things.
Glyphosate looks more damaging in this graph, coetpawith the above flow

diagram.

Fig 14, Impact assessment for growing and thinnifgRC

Below is a flow chart (figure 15) of the completewing, felling and sawmilling
process for WRC, up to delivery to the cladding druy Notice, again, the petrol
inputs for chain sawing and felling operations. dad to this is the saw milling
procedure, which has a high petrol input too. Bbhecharts to the side of the boxes
show the importance of that process in the negaimeonmental effects of the entire
process. Following the central, thick black petliole, one can see the boxes
connected are the most damaging, for instancendsaving, felling and the growing
of WRC itself.
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Fig 15, Flow chart, complete growing, felling ancga/milling process.

Below is the complete process in graphical forrguife 16). Notice how growing and
thinning contributes most of the negative envirental effects. Felling operations
seem to act as the second worst, in yellow. ibteresting how the saw mill act in
depletion of abiotic and ozone factors. It is atather striking how growing and
thinning has the most space in the terrestrial ;ecty column. This sort of
percentage graph fails to emphasise the importahcsffects on a section of the
environment. The next graph does just this. Bymadizing the same graph (figure
17), for the entire process, one may be able tggquithe effect of processes on a
particular section of the environment, rather thast a percentage figure of which
procedure is the most damaging.
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Fig 16, Impact assessment for complete growinglifgl and sawmilling process.

Fig 17, Normalised impact assessment for complet@gng, felling and sawmilling

process.

Below, the Life Cycle Analysis flow chart (figuré@), shows the complete process, as
above, with the added final disposal, in this casepnversion of the cladding boards
to wood chips. This life cycle has no energy metso expels a lot of energy, mostly

petrol, in its systems. Notice the thick blacktfpé line, running through the middle
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of the chart. Notice, also, how little the sawlraiifects the system, compared with

the forestry activities.

57



Fig 18, Life cycle flow chart showing processes imgyrowing to cladding and final
end disposal (in this case recycled to wood chips).

Below is the same LCA in graphical form (figure 19he graph has been normalized
to show the importance of the life processes ireawironmental category. It is
evident from a study of the graph that marine aquetotoxicology is affected much
more than the other categories. Looking back atfitst graphs, of growing and
thinning, one may see that it was the applicatibGlgphosate in the growing stage,

also thinning, the use of petrol, mainly, which nieye caused this peak.

Fig 19, LCA with final outcome as wood chips.

It is in the next graph (figure 20) that a sligiftetence may be noticed. Over all, the
flow chart looks the same as the previous wood @bip did, although this LCA is
for the same cladding, the outcome is that it hasnbincinerated for energy
production. The incineration process has sometiwegaffect on the environment,
which may just be made out as a fine green lineeuriie red of the timber
manufacture. The graph below this (figure 21)fithe same processes and the same

outcome, though the net effect of incinerationighhr.
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Fig 20, LCA with final outcome as incineration foenergy.

Fig 21, LCA with final outcome as incineration fonigh energy.

The final LCA graph (figure 22) is of the life cgclvhere the end disposal is to the
rubbish dump, as municipal solid waste. Notice hmvergy expenditure is lower
with this method, as there is no need for incir@sator expelled fumes. Wood
chipping also expels lots of energy, with littléum. There is no eutrophication, or
abiotic depletion with this method of disposal, lilb warming is lower also the
columns for photochemical oxidation and acidifioatiare lower. However, human

toxicity and fresh water aquatic ecotoxicity argtter.
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Fig 22, LCA with final outcome as wood for landfilumping.

The next flow chart is in colour (figure 23), sathhe return may be seen, in green.
It is a full life cycle analysis where the end displ is of energy recovery, with a high
return. The energy expenditure is marked in rélbte the green line has a certain
thickness to it. This shows the energy recoveoynfincinerating the timber at the
end of its life, therefore, there is not as muchd® use non-renewable resources to

provide the same energy, this leads to a return.
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Fig 23, Flow chart showing the LCA with incineratio for energy recovery at the

end.
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The following graph (figure 24) shows the net egeegpenditure and return of this
LCA. All fossil fuel use has been grouped togethsrone column in the graph.

Notice the return on incineration, shown as a gresgative expenditure

Fig 24, Energy Consumption graph for LCA with inceration and high energy

return.
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6.4 Discussion

At the end of the life cycling, it is evident thdkK grown Western Red Cedar has
many inputs which are environmentally damaging aocur throughout the process,
from growing to cladding. Unlike Roberts (2003havfound that transportation and
road maintenance were the most environmentally damgaprocesses of WRC
cladding production on the Stourhead estate, thé&ssment has found other main
causes of environmental pollution. Whether it vilas continuous cover forestry
system of the Stourhead estate, or the fact tlzt nsaintenance played a larger part
in the forest policy is not for certain. What iadwn, though, is that the forestry
processes in the Duchy of Cornwall estate were mumchhe damaging than the
transportation of the cut logs, the sawmilling eer the incineration at the end of

life.

As was observed in the results section of the L®A&trol usage is a heavy
environmental burden throughout the forestry systerfsrowing and thinning,
especially, shows a massive use of petrol for hinening process. The estate uses a
crown thinning regime (Richards, Pers. Com.) whadter the first twenty years
growth of the saplings, starts to thin the weakeeg every five years. This involves a
large usage of chain sawing, which uses two stpeiteol, oil and lubricating oil. The
trees which have been cut need to be forwardeldetodad side, out of the woodland,
these logs are then transported to various locgtittrough in this report, the viable
saw logs are taken to the saw mill for conversiorcladding. Here the transport
energy expenditure is slightly more than during fisleng procedure, though this is
only due to the frequency of thinning operationhe impact assessment graph for
growing and thinning (figure 14) showed the impoda of the felling process
(thinning) in environmental impact, secondly thgpglosate applications, which were
based on spraying over three years of growth agping WRC. Transportation,

forwarding out of the forest, is only a minor contceompared with the other inputs.
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This can be seen when looking at the flow chagufe 13), as by the side of the
transport boxes is a very low and insignificant lewel, compared to the high bar

level for chain sawing, etc.

The forestry system of Roberts (2003) is a contisucover system, which allows for
harvests of saw logs at regular intervals and hdaklgplace instead of thinning.
Harvests of mature trees yield higher quality logkjch can be used for cladding,
whereas thinnings, as in the Duchy of Cornwall testéeld lower grade timber as
well as saw logs at about a 50:50 ratio (Hurlesp€om). The lower grade timber is
not used at the saw mill and the saw logs at ¢hnhnings may not be either as they
may be too small, though this project has hyposisesthat they do. The inputs early
on in the forestry system this project has analysees not yield good returns in
energy or outcome until final felling, whereas tiimg for continuous cover systems

is counted as final felling.

The concept of input values outweighing outputuikHfer compounded by observing
the full growing, felling and sawmilling proces$hinning, as seen on the full process
graph (figure 16), has a much more damaging peagenbf environmental impact
than that of felling procedures. The sawmillingpgess, though, is quite low in
impact, although a lot of fuel is used, the conergrom saw log to cladding seems
to be relatively painless. It is intriguing thadlberts (2003) found that transport was
the main environmental factor, when the distanegeied to mill is further in this
case. A difference in forestry practices may exptilae difference in LCA out comes,
and may be equalized when the Duchy eventually MMRC plantings in to

continuous cover forestry.

Not only are the forestry practices a high envirental burden in the entire system,
so is the end disposal of cladding. The life cycdbowing the end use all show a
high level of pollution. The wood chipping end ukpossesses much impact as the
cladding needs to be turned in to chips and atswsported, with no energy recovery.
The chips would be used in a form of recycling, Imatging a returning benefit to the
environment directly, though their recycling maykr the need for chipping of
newly cut timber, though this would only be chipmed/way (Richards, Pers. Com.).

The dumping of wood in land fill facilities seents dreate fewer pollutants overall,
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though there is an increase in some categoriest idf energy that is to be saved,
rather than pollution which is to be curbed, themely the advocation of energy
recovery should be followed. Incineration allowsstrecovery, by creating a net
return in heat or electricity, using the wood asniass. As can be seen when looking
at the energy return flow chart (figure 23) thattjunder half of the energy required to
produce the cladding is returned to the systemwshas green on the right hand side.
The utilization of this system could offset the @aya caused to produce the cladding,

therefore creating a more viable environmentalesyst

So finally, after analysis of growing, forestry apdoduction systems it can be
concluded that WRC grown in the UK, although a $tmg system, therefore a natural
system, used many processes which can harm theoement. These may be
mitigated by conversion of forestry practices tmare conscientious system, such as
continuous cover and by continuing the distributtonlocal buyers. Energy costs
may be returned, to some extent, by processesasiaicineration, although, unless
energy returns are markable, the energy expendggahutants caused by other end

use methods, such as chipping, may be of more@mental harm than good.
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7.0 Project conclusions

Four fungi were used to test natural durabilityltid grown Western Red Cedar in
this study Coriolus versicolor, Gloeophyllum trabeubnth used as official test fungi
in accordance with BS EN 350-1:1994 standards. ,AGoviophora puteanaand
Pleurotus ostreatusvere used in addition to these. Basidiomycetgifurere chosen
as they are the most damaging form and after Rol2003) suggestions, both white
and brown rot fungi were used in this durabilitgtteThe tests ran over six weeks and
involved five different trees of WRC grown in th&KU These were separated in to
inner and outer samples. A comparison was madethighspecies and WRC samples
grown in Canada, these were also tested in the sayeScots PineRinus sylvestris
was used as a reference species, also in accoreathc®S EN standards. Other
species of UK grown tree were used to compare WIRC, a native durable species,
Oak (Quercus petraea), was tested, along with Béeabus sylvatica) and Birch
(Betula pendula). The conclusions of this testemérat the UK grown WRC was
classified as ‘very durable’ according to BS EN 350994 standards, which
emphasises that durability should be based on ipeaioce of wood on the fungi
which causes the greatest loss in mass. In tisis, Cariolus versicoloris the most
vicious of the four, yielding the most mass losstleé timber collectively. WRC

import has the same durability as the outer woodkigrown WRC.

Statistical calculations show that, by mass lostinduthe experiment, there is no
significant difference between inner and outer waxdthe home grown WRC.
However, the WRC was significantly more durablentttze reference species, though
Oak was very similar in durability as far as weitggds was concerned. There was a
difference in quality of timber between the Oak &nd grown WRC which is faster
growing, therefore has larger growth rings aneéssldense. However, it was thought

that if methods could be established to increaseathount of Heartwood laid down
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by the tree, as in Roberts (2003), then qualittimber may begin to rival that of the

hardwoods of Britain, as the durability already sloe

The life cycle analysis part of the project aimeddok at the growing, felling and
sawmilling process and its environmental impacditso to assess the various end use
life cycles, to find a viable system for loweringveronmental impacts of disposal and
preferably see out the cost of cladding productiom growth. It was found that the
growing and thinning part of the life cycle was guatally the most environmentally
damaging, this emphasis mainly on the thinning sifiéorestry operations. It was
found that felling, as an individual process, wassl damaging than the thinning
procedures, so clear fell forestry was shunnediscudsion for continuous cover
forestry, as per Roberts (2003). This system abbthe felling of mature trees more
regularly as opposed to thinning, which yields morerior tree harvests. It was
thought that energies put in to thinning would le¢tdr placed in a well established

continuous cover forestry system.

The end of life disposal was considered an unnacgsse of energies, unless the end
use yielded some kind of energy return. The poltuand, therefore, environmental
damage caused by wood chipping, may be more dettah® the environment than
merely dumping the finished cladding in a land. filThe incineration of cladding at
end of life may be of benefit if energy returnsnir@lectricity generation or heat are
high.

Durability has been proven of the UK grown WRC, ufb there is scope for the
project to be expanded. Analysis of a continuauedtry system at the Duchy of
Cornwall estate could be an option, also otheresystaround the country. Other
species of timber could be tested for durabilitgngl the same lines as this project.
Further projects may find that closer, preferaligtthand, experience of the forestry
and sawmilling process may be beneficial to theassh phase of the LCA, therefore,

yielding more accurate and insightful results.

67



Acknowledgements

| would like to thank Dr Richard Murphey for givinge the opportunity to work on

this project. Also for laboratory guidance andeagsh help in Cornwall.

| would like to acknowledge Tino Rawnsley for hastithe research trip to his saw
mill and some of the woods around Cornwall for Dughey and I. Also his
patience with the endless questions for the Lifeli@yg section of the report, which

was much appreciated.

| commend Paul Beesley for his woodmanship andigteand, as he cut each sample
block from each log sample for the experiment. oAlacknowledge Geraint Richards

and John Hurle, from the Duchy of Cornwall estatdo also answered many

guestions for the LCA.

68



References

Adam M. Taylor, Barbara L. Gartner and Jeffrey Joridll (2002). Heartwood
formation and natural durability - a reviewWood and fibre scienc&4 (4): 587 -
611

BS EN 113 : 1997 Wood preservatives - Test method for determiniegptiotective
effectiveness against wood destroying Basidiomgceteetermination of the toxic

values.

BS EN 350 - 1 : 1994,Durability of wood and wood based products - Natura

durability of solid wood.

Cameron, Shona, Inventory data officer, Forestrym@assion; Pers. Com.
(28/07/2005)

Coombes, A.J. (1992]rees. Dorling Kindersley LTD. London.

Forestry Commission (2003National inventory of woodland and treesventory

report, Forestry Commission, Edinburgh.

Haluk, Jean-Pierre and Roussel, Cecile (200@haracterisation and origin of
Tropolones responsible for the Cupressales natduahbility. Potential application

to wood preservationAnnals of forest scienceéx7: 819 - 829

Harju, A.M., Venalaigen, M., Beuker, E., Velling, #d Viitanen, H. (2001)5enetic
variation in the decay resistance of Scots pine dvagainst brown rot fungus.
Canadian Journal of Forest Resear8h. 1244 - 1249

69



Harma, M.E and Sexton, J. (1995Water balance of conifer logs in early stages of
decomposition.Plant and soil172: 141 - 152

Hillier, B. and Murphey, R (2000)Life cycle assessment of forest products - a good
story to tell. Journal of the institute of wood scienckbs (4) (issue 88): 221 — 232

Hurle, John; Forestry contractor , personal comication (31/08/2005)

Jeffrey, D. Debell, Jeffrey, J. Morrell, and Bamdod.. Gartner (1999) Within stem
variation in Tropolone content and decay resistasfceecond growth Western Red
Cedar. Forest sciend® (1): 101-107

LCA group (2002) LCA for Acetylated wood, cladding for use in a dstice
dwelling. A Life Cycle Assessment summary report. Produmgdmperial College
London, LCA group, Dept. of Biology.

Lee, Steve, Conifer breeding project, Forestry Casaion, Pers. Com. (10/08/2005)
Matthews, Professor J.D. (1983)he role of North west American trees in Western
Europe. The H.R. MacMillan lectureship in forestry, Mar@f@, 1983, Vancouver,

B.C.

Morris, P.l. (1998), Understanding bio deterioration in wood structuréorintek,

Canada corp. British Columbia Building enveloperual.

Murphey R. (2005) Wood structure, Tissues and walls, lecture notes, Imperial

college London

Nault, J. (1988)Radial distribution of Thujaplicins in old growtmd second growth
Western Red Ceddihuja plicin(Donn) Wood science and technolo@g: 73-80

70



Pringle, Douglas (1994). The Forestry Commissidhe first 75 years. Public

information division, Forestry Commission, Edinblrg

Rawnsley, Tino, Carpenter, Sawmiller, Personal Camgation (29/06/2005).

Richards, Geraint, Forester, Duchy of Cornwall ftesta Personal
Communication,(23/08/2005)

Roberts, J. (2003) Analysis of the durability amyieonmental profile of UK grown
Western Red Cedar fuja plicatg timber. Imperial College London

Scheffer, T.C. (196®atural resistance of wood to microbial deteriogati Annual
review of phytopathology}: 147-167

Shigo, Alex L. and Hillis W. E. (1973).Heartwood, discoloured wood and micro
organisms in living treesAnnual review of phytopathology. (2): 197 - 215

Sutton, D. (1994Field guide to the trees of Britain and Europ&ingfisher books,

London.

Tsouvalis, Judith (2000).A critical geography of Britain’s state forestsOxford

University press.

71



Internet references

http://www.keele.ac.uk/university/arboretum/trees/gd_cedar.htgaccessed
18/06/2005)

http://www.domtar.com/arbre/english/p_thgea.h{Accessed 18/06/2005)

www.hobby-greenhouse.com/western_red_cedar.htroeg¢aed 18/06/2005)

http://www.fs.fed.us/database/feis/plants/tree/lifoptanical and ecological charact
eristics.html (accessed 20/06/2005)

http://www.pre.nl/default.htnfaccessed , 23/ 08/ 2005)

72



Appendices

Appendix 1 Excel Data table

cor.
Factor SD

A Outer 0.8892 0.009
Alnner 0.9001 0.0063
B Outer 0.9064 0.0054
B Inner 0.8947 0.0053
C Outer 0.8992 0.0032
Clnner 0.8957 0.0057
D Outer 0.8938 0.82
D Inner 0.8971 0.0068
E Outer 0.9016 0.0065
E Inner 0.8964 0.0058

WRC

Import 0.9309 0.0069
WRC

sap 0.8987 0.0089
Pine

Cont. 0.9281 0.001
Oak 0.8942 0.0015
Beech

FS 0.9184 0.0046
Birch

BP 0.9374 0.0036

Appendix 2, abbreviated table of raw data.
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