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~ ABSTRACT

The rate at which forest resources are being depleted is now a matter
of concern, with the world facing shortage in supply of wood by 2000 A.D.
Recommendations for remedial actions cover a wide range of strategies,
from the expansion of existing forest plantations to a fuller utilisation. of
available wood resources. This has resulted in studies on the uses of
residues which used to be regarded as ‘waste products’ with most attention
given to mill residues and little or none to forest residues. The allocation
of the forest residue resource (which is usuaily left on the forest floor) has
been based purely on a price theory related to the smail piece size
invoived. However, for a resource to be properly allocated, a detailed
examination of its quantity, quality and the impact -arising from its
alternative allocation is necessary.

This study has three main Objectives. Firstly, to assess both the
quantity and quality of forest residue, particularly post logging residues on
a clear fell site; secondly, to deveiop local predictive models for residue
yield; and thirdly to assess the economics of residue production,
incorporating the ecological implications of residue harvesting in financial
terms. The first two objectives were achieved by carrying out field works in
a Borders forest while the economic analysis was based on information
derived from the literature since time was limiting.

The study showed that by using simple sampling method such as a
systematic grid line transect, the quantity of post logging residues can be
cheaply assessed, giving an average of 57.2 and 24.4 dry tonnes per hectare
of felling residues for Sitka spruce and Scots pine stands respectively. Of
these, 80% are branches with the rest being tops, odd pieces and
. unextracted main produce. The residues are of lower quality compared with .

the main produce, having a higher moisture content and lower density in
addition to their smail sizes.

. Several options for harvesting the residue, differing only in machinery,
used and procurement location were theoretically examined. Harvesting of
residue as an extension of the current harvesting practice seemed to be the
most acceptable compromise, accomodating both the conventional
conversion of main produce and slash chipping. The economic implication
of residue procurement, particularly the estimated costs of nutrient
replacement, indicates that although residue procurement is economically
viable its- marginal benefits depends on the type of procurement
management. It has been possible to demonstrate hypothetically that it is
more profitable for forest managers or owners to undertake residue
procurement than to sell residues to contractors on the basis of a price per
hectare. Sensitivity analysis indicated that in some cases residue
procurement by contractors is not profitable on the long term to the forest
owners.

Accepting that residues left on the forest floor can help to maintain site
fertility which is.one way of allocating these resources, it seems likely that
salvaging residues provided markets can be recognised and organised, for
energy markets will be more profitable financially than the current practice
of handling forest residues. This view is backed by the likelihood of a rise
in energy prices.
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CHAPTER ONE

INTRODUCTION

The current concern of ‘foresters and wood manégers alllover the world is to
find solutions to the imminent shortage in global supply of wood forecast Kfor
2000 A.D. By that time, the world requirements of wood will be about 4,000

| | ' Barlag, 974
million cubic metres per annum (Keay & Hatton,1976; FAQ,1976a). The actual
global demand for wood, according to Albanis (1978)', could in fact be more théﬁ
the projected figures because the knowledge of forest resource potential is
incomplete for many countries of thé world. Unfortunately, this demand_cannot
be met by the FAQ’s projected suplply of 3,800 million cubic metres by the end
of the century. Consequently,r a aeficit in supply of about 200 million cubic

metres is feared.

The following measures have been- suggested to meet the future wood

supply : _ ‘ .
- expansion. of forest areas;
- utilisation of unused coniferous forests (in USSR, N.America) and
' 'hardw§od forests (in S.America, N.Arﬁerica, Asia, ‘Africa, USSR);
- breférence for the establishment of fast ‘growinAg plantation
fo'rvestsv;' | -
- A irhprovement of silvicultural p~ractices leading to higher forest
_ yfeld; |
- reduction of unwanted wood loss due to fires, pests and
pathogens and climatic h‘azards;
- improvement of processing efficiency in wood industries and fuller

utilisation of wood resource.



These should include the use of a greater proportion of both industrial and

forest residues.

" 1.1 DEFINITION OF PROBLEMS

The contribution of forest wood residue utilisation to an alleviation of future
wood shortage can be realised only if certain problems of forest wood residues
are solved. These problems are:

(?) inadequate information on the quanﬁty and quality of residues
being produced on the forest floor after conventional logging
operatio[\s.

(ii) lack of appropriate. analysis to evaluate the economics of‘e residue
production and utilisation i.e.the costs and benefits of aiternative
strategies for residue production and use.

(iii) lack of sufficient knowledge of potential market outlets and

inadequate marketing in the existing ones.

1.2 AIMS OF THE STUDY .
This study is intended to develop a methodology for dealing with specific
problems of foreSt wood residues and their uses. Th_e-éims of the study are:
(i) to determine the quantifyi and quallity of post logging forest

residues in order to assess their utilisation opportunities.

(i) to evaluate the economics of recovering and using these residues.

1.3 STUDY OBJECTIVES

To achieve these aims, the objectives of this study are briefly stated as

follows :

(i) to assess the quantity and quality of wood residues being



produced after conventional clear fell operations using a particular
site and species as a case study.
(ii) to develop and test a local prediction model for residue
production based on the relationships between the quantity of
of tndividaal Avees
main produce, diameter at breast height over bark,(and the residue
produced.

(iii) to investigate the economics of producing forest residues i.e.

marginal costs of residue harvesting and marketing.

1.4-STRUC.TURE.OF THE THESIS
The structure of the thesis is as foIIows‘: _

Chapter two reviewé existing work;‘g‘v’;on wood residue production, general
quality requirements for industrial energy and other uses of wooc_i residues. The
review reveals tha.t despite the potential of wbod residues not much use has
been hade of them due to technical and economic reasons. Studies have

concentrated more on *xy industrial residues than on forest residues and an.

awareness of the'potential of forest residues still needs to be developed.

Chapter three describes the various methods used for data acquisition while
Chapter f_our deals with .qua‘ntit‘ative and qualitative assessments of forest
residues.Three sampling methods were used to estimate the quantity of residue
‘a'nd to‘t:ompare their respectiv‘e preci.sion- against‘coéts. ‘Quality assessment
included the residue type (tops, live and dead branches) according to size, basic
and green density and moisfure cdn:cent.CPoéjé, 5) . ’

Chapter five is concerned with:developm_ent of~predict‘io‘n ’m.()dels based on
allometric relationships between re.sidu'e and produce harvested, on a single tree

basis.



Chapter six considers the economics of residue harvesting and procurement
for such markets "as industrial chips and energy. Cost structures are developed
based on available information for some residue harvesting and procurement

options to estimate the marginal costs and revenues from any additonal use of

residuesﬁgmw@mm&&@') LSS 1983y 198, 1972)-
. pl -~ gl

Chapter seven discusses the overall results of the study in terms of
resource assessment and allocation, considering the competitive nature of the

markets that residues like any other commodity would have to face.

1.5 DEFINITION OF TERMS:,‘
WOOD RESIDUE:

Wood residue is.defined as everything that is left after man’s operation of
harvesting, processing and utilisation of wood and wood products (FAO,19‘76b).
FOREST RESIDUES |

This term generally refers to the root,stump,top,branches,leaves and needles.
However, for this study, it will be limited to post logging residues above the
ground only. fhese include stem top less than 7 cm. diameter qve'r bark, post
extraction material i.e odd pieces and main produce missed dﬁring harvesting,
;jead and live branches. Roots and stumps were not considered because of.the
impracfi'cability 6f their assessment. In additir{)n such an. exercise miéht hav{e:
>de|eteriodsv'effects oﬁ the regeneration of the next cropr and on thé level of soil
nutrients.

MILL RESIDUES

All -wood .or bark residues | produced from processing wood industries

including saw mill offcuts, edgings, pe(?ler cores, bark,-saw dust, shavings etc.

but not pulping liquors.



CHIPS

Small pieces- into which qus or other fbrms of wood are cut for such
purposes as the production of pulp aﬁd chip board.
FUEL WQOOD

Wood in the natural condition harvested for use as a source of energy.In this
category are included fuelwo;d from inside areas defined as “forest” and from
elsewhere (farms, towns etc.) and all parts of the tree (i.e not only stem and
large branches but also tops, twigs, sﬂma‘ll branches, fruit tree prunings) are
included (FAQ,1982).
CALORIFIC VALUE

The calorific value of a fuel is the amount of calori.es liberated when one
unit of fuel is com_pfeteiy burned .
GREEN DENSITY

This fs the density of freshly felled timber, calculated from green weight and
green volume {Hamilton,1975).
BASIC DENSITY

This is calculated from oven dry weight a_nd the green volume. Both green
density and basic density are often expressed as specific gravity which is the
" ratio of weight to vvo_lume.
MOISTUﬁE CONTENT

This is defined as the weight of the green timber less the oven dry welght

expressed as percentage of the oven dry weight (Hamuton 1975).



CHAPTER TWO
LITERATURE REVIEW h
2.1 PRODUCTION AND HANDLING OF WOOD RESIDUES

Wood is one of the most valuable resources_ that is rarely used in the form
in which it grows. Right from the forest, to the processing industries, it is
almost inevitable that an\} form of harvesting and processing normally results in
leaving a proportion 6f the original  material as waste. Such waste materials
'otherwise referred to as residuescan be grouped into two broad categories
according to their origin, namely industrial and forest residues.

Published studies carried out on wood residue production in the UK. are few
and are also restricted to industrial residues,i.e.residues from sawmills and wood
using industries. Arﬁbng the few studies are the report ;.)repva'red‘ for the
"Forestry Commission by the Forest éndTimber Consultants, Department of
Foreétrv and Wood Sciehce (U.C.N.W,,1974); Carruthers (1975); a leaflet published '
by Prince Risborough laboratory (B.R.E.,1976); Albanis (1978) and two pépers
published by Albanis and Cooper (1979a and 1979b) :

' The report by U.N.C.W. revealed that 594,000 +_ 7% tonnes of wood resudues
we-ﬁ.generated by the Iimported Timber Trade in 1973, of which 55% was soft
wood-on!y, 8% was hardwood only, and the rerriai_nder softwood and hardwood.
Almost all of the residues ( 95% ) produced was reported to have found useful,
if not profitable outlet;s.v During the same period the Furniture Trade generated
about 300,000 tonnes of residues but Vmore than haif of this waS contvaminat'ed
by impurities with only 44% being used to produce heat and power.

The Building Research Establishment’'s note (1976) summarised the results of

the above report and in addition gave an ebstimate of 962,000 tonnes as the



. Qquantity of residues generated by the British home grown saw mills in 1976.

" The methods of disposal of these residues were well outlined in the report
published by the Department of Forestry and Wood Science, UN.CW. A break
down of disposal methods shows that 77.7% were so‘ld,' 17.2% given away, 4.8%
were either dumped and or burnt, and 0.6% "used in miil bbilers. For those
saleaﬁle residues, it Awas reported that there was signficant variation in the pricé
paid for wood residues. Except where companies (usually. the smaller ones)
have tocated specialised markets, such as wood. flour manufacture,  agricultural
uses, butchers and slaughter houses, hospitals, industrial cleanings, etc., prices
seldom exceeded £4 ber tonne and most were well below this pr'ice.

Five research workg deal with the uses of wood residues in the UK. These
are the notes published by Princes Risborough (B.R.EI.Z1?9£76); a report by Tin'.\ber‘
Research and Development Association (T.R.A.D.A.,1975); Carruthers (1975); King
and Smith (1974) and Albanis and Cooper: (1979a; 1979'b). " The uses reported -in'

these papers inclqdé particle board manufacture, agricultural and hortcultural

& N
3 )

uses and energy: < R » E

All these studies were confined to mill residues and completely exclude
residues from the forest floor. v]’h'ere is no empirical work on forest residues
ekcept some articles'describing the experience of other countries such ‘as Gott

(1975); Wittering (1977);_ Fraser (1969). The Department of Energy contract on _

ML,

ssrolele o= o) forest

residues (Aitkens:ﬁ.géxct).

Despite the disturbing‘threat to its future supply, wood still ranks high
"'among the most wasted reneWable resources. At present, the various wood
harvesting techniques in most countries remove only the stem of individual
trees to a point considered merchan_table, usually defined by a minimum top

diameter which differs from country to country. Thus merchantability of wood



is defined by markets and available technology.

According to Wittering (1977), Fraser (1980) and Mitchell (1980), that part of
the tree which is usually harvested at present in Britain, i.e the stem from just
above the ground level to 7.0 cm. diameter over bark represents on average
only 55% of the whole tree biomass. Thus the mahagement and utilisation of
forests has been operating within the framework of a “merchantable bole
concept” (Gott,1975). Of the 45% remain-ing, branches and tops account for
about 22% with root and stumps the remaining 23% ( Thorr;ton,1977). The use
of a percentage ratio is very common in residue forecasting. Based on thi‘s
Wittering (1977) predicted that the annual forest residue production (i.e. the
branches and tops ) in the U.K. by t_he end. of the century will be about 5.5
million cubic metre. However, he doubted if more than 25% of this could be
recoverable because of technological, economic and site problems e.g.
mountainous terrain. Assuming there are markets for these residues, this
impiies that unlike mill residues a large proportion may not be econom‘ica.lly and
technically harvestable. It was also suggeéted that for these residues to be
used, whole  tree chipping as opposed to separate. chipping of the residues
would produce high quality chips. These would be mou;e attractive to customers
because they cbntain‘ a higher proportion of wood to bark than chips from topé
and branches 6r'tops only and are also technol‘ogically easier to produce. This
view embraces the concept of ”whp_le tree utilisat'iobn”. |

According"to Gott (1975) and King & Smith (1974), Young (1964 ;1967)
advocated the use of all the material currently left as logging residues and the
use of non-commercial treés and shrubs as alférnative sources of raw materials
for pulp mills, thus reducing pressure somewhat on forests. However, he
cautioned that this concept should only be pursued in a biologically sound

manner.



The Components of above ground forest residue constitute what is generally v
referred to as logging slash .They have not proved to be of any market value in
Britain to date and are usually disposed of to aid regeneration (Neustein,1967).
Methods of disposai of forest residue are:

(i) Removal : In situ burning of islash which increases available nitrogen
from the superficial layer of the soil by reducing the biological competition for

nitrogen with a secondary nutritional bonus resuiting from ash « ®Ecruge %

R L s )’ Other advantages claimed are the reduction of fire hazard and
more uniformity of artificial restocking ( Smithers, 1964 ; Cockerell, 1966)
cheaper replantlng and improvement of ameliorative and . tending operatlon
However, disadvantages of this disposal method are fewer natural seedlings e. g\
in Sitka spruce, heavier deer browsing which may be detered by siash coverd
(Stewart & Neustein, 1962) inferior germination and loss of nutrients |n smoke
(Neustein,1‘962).

| (i) In situ treatment : This involves mechanical chopping by means of a
trailed and or hydraulically mounted cutting machine. Its Iimitations are that it
can not deal with larger branch wood nor operate on sites with large protruding
stones. It is also limited by slope too steep for‘ the tractor , but stumps,
provided they are cut reasonably low do not hinder it. Retention of nutrients on
the site, reduction of soil surface deaSication and delay of weed re-invasion are
additional advantages (Neustem 1962)

(iii) Retention of untreated slash in situ : This has similar biological"
attraetions to chopping _but replanting througn the,siash,is—more costly. in pine
stands and especiaily where branch wood diameters{lexoeed' 7 cm. there is an
additional hazard from. the building up of injurious insect population e. g.

ol
Hylobius, Hylastes and Myelopr}ine species (Neustein, 1962 ).



Apart from biological considerations each of  these disposal methods
involves different financial cost and benefits. Up till now the much accredited
contribution of forest‘ residues to soil fertility has'not been estimated in
financial terms. Alternative methods of utilising at least part of forest residue
~also involve costs and benefits and it is important to consider when assessing
residue potential, the quality of wood residue in refation to certain markets. The
remaining part of this chapter will therefore deal with just .that.

For the purpose of this review, the~po;ential markét outlets for forest
residues can be categorised into:

(i) industrial markets - i.e.particle board, pulp, fibre board.
(i) energy markets - fuelwood for heating and power generation
(iii) agricultural and horticuitural markets.
Each market requifement is reviewed with respect to wood properties in

general and residue properties in particuiar.

2.2 INDUSTRIAL MARKETS.
2.2.1 Particle board production:

The selection of tree spécies for .particle boérd manuf_acture depends on its
local availability, quality and cost. The main factors for quality considération are
wood dénsity,‘ moisture coﬁfent, wood bH and permeability (Mitlin, 1968).
Timber of highel: density requires a smaller amount of adhesive becaUée of its
smaller ';ota‘l particle surfaée area , thus the higher the wood density the greaté_r
the board streng_th (Lyman,1968). Timber of‘-low de‘nsity requires compensation
for its lower stréngth by éddition obf more adﬁesive. |

The effects of wood density according to Lyman (1968) and Foéter (1967)
centre round costs and strength of the board. Lower density timbers would

involve additional cost to compensate for low strength, but fhey still produce
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boards of superior strength because of their greater compréssion factors on
- 8ach particle and the consequent good contact between particles (Foster, 1967).

The use of round wood and thé current possibility of using forest residues
raises'the‘question of bark and its effect on particle board. Large amounts of
bark from debarking have tempted some manufacturers to use it as part o‘f the
raw material mix for board productionf‘(\\/loﬁe—"“‘ , \AY)

Dost (1971), having evaluated the use of different leve!s of bark on particle
board production found that the effect of bark fibre was adverse. He noted that’
modulus of rupture (MOR) and modulus of elasticity (M‘OE) and strength of
internal bpnd decreased with incfeasing bark content. It was concluded that the
deterioration of board properties as bark level increased was also attributable to
other factors such as low resin a.nd wax application to the bark fibre due to
their non-uniform distribution.

Anderson et al (1974) investigated thle propertie'é of board manufactured from
"100% bark, 25% bark, and a three layer particle board with the core made from
bark. The all bark'board had low bending strengfh witﬁ high linear expansioﬁ.
The three layer particle board with bark in its core stock proved to be a board
with good overal»l properties, while the ‘homogenous particle board with 25%
bark also produced a board with satisfactorv propertie's; |
2.2.2 Fibre boafd:

The main aim of fibore board industry is to ?:onvert more or Iéss worthless or
very.cheap wood residues into saleable products. Softwoods are preferred but
hardwoodé are cheaper and easier to obtain in some coﬁnt}ries in which caSe
more biending is required. The final choice of species will d'epend on
availability and economic considerations (Akers, 1966).

The properties and yield of fibre board are_significantly affected by the size

of chips used. Holokiz (1968), (while determining the effect of chip size on yield
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and properties of fibre board) found that a reduction in chip size i.e chip length
resulted in reduced yield. For example, yield from 1 cm. chips was 3.1% Iowen:

than from 2 cm. chips. The modulus of rupture increased witn smaller chip size

) up to certain point, after which weaker boards were produced. Internal bonding

increased significantly as the chip size decreased which means that fine chips
could be used for rnalging special products. (\%“*W‘b““‘a\" ,1460).

The effect of bark on fibre board was reported by Carrol (1974). It was
found that an increase in bark level in the mix caused a substantial drop in the
strength of fibre board, which could be restored by increasing the proportion of
phenol -formaidehyde resin binder from 0.5% to 4%. This results in increased
cost of production. He eoncluded that though bark is undesirable in fibre board,
a small proportion . of it may be tolerated under more costly manufacturing

Such o G tosr de B v etaed voaw burde, . .
conditionsA Therefore, the economic balance is between the increased cost of
adjusting the process to cope with bark (log or chip washing to remove dirt and
higher adhesive content) and the cost of not including bark‘ atn all, which
requires debarking and bark disposal,,-_-.(_\se_\nmom 1265):
2.2.3 Pulp |

Up to date, the use of softwood in pulping still dominates the world pulp
industry. This. is because softwoods are characterised by long filbres which
leads to easy processing and the production of strong paper (F.A.0.1973).
.Har_dwoo'd can also be used for certain pfoducts such as cerrugated paper
although a small percentage of Iong fibre -is needed for the best .results.
However, the use of hardwood for pulping has the following advantages : lower

flow resistance and better formation, better surface properties, good mechanical

properties ‘an'd rapid strength development on beating. It has the disadvantage

of lower tearing strength, lower folding endurance, lower wet web strength and

problems from extractives (F.A.0,1976b).

12



Each type of pulpin’g has its own species preference. For instance
mec'hanical pulping favours softwood as a raw material, instead of hardwood
with its short fibre Iength, because the strength of ground Wood pulp is
inherently- poor - it is used for newsprint and other printing and writing bapers.
Softwood and sdme, hardwood can be used for sulphate pulps which
manufacture materialsv suitable for packaging uses.

Wood raw materials suitable for pulp production are in the form of roﬁnd
wood, slab- wood, pulp chips from saw mills, forest residues and saw dust.
Wood is debarked, chipped and stbred before use in pulping. This immediately
poses two problems. Firstly, bark removal and secondly, chip deterioration
during storage. Erickson (1972) tried three méthods of bark separation from
chips at the stage of experimenfation by air ﬂoataﬁon, liquid floatation, and
compress_ion.debarking. He noted that a }:ombined system involving steam
heating of the chip with bark followed by an abrasion process has been most
successful.

Chip deterioration in storage is attributed to changes taking place in the
central p‘art‘of the chip pile. These involve a thermogenetic reaction possibly .
caused by the action of parenchyma cells, biological activity of micro-organisms
and chemical. oxidation and. hydrolvsis of the cellulose component resulting in .
decreased moisture, high c_arbon dioxide and Iow'oxygen concentration in the
first dayé of stbrage. Th.eseA conditioné promote ‘the activity of wood a'tté::king. ‘
micro -organisms, the action-of which results in deterioration of the chip pile,
usually accompanied by discoloration, losses of vs;ood subst’a\nces and reduction
of pulp yield and strength (FAQ. 1976b).

Chip deterioration in storége can be reduced by covering therpile with
plastic sheet i.e anaerobic- storage (Feist et a.l,197.1), water spraying of the chip

piles (F.A.O. 1976b) or chemical treatment of chip pile such as the use of
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Sodium N-methylid,thiocarbonate (Springer et a/1973 )

The size of chip to be used in pulping has beeﬁ investigated. Of the varying
thicknesses suggested, a 3mm. chip was shown to have optimum values for
delignification, yield, and physic_:al properties for kraft pulps (Borlew & Miller,
1970). Hatton and Keay (1972) suggested me chip thickness for maximum
screen yield while F.A.O.-.‘(1976b) suggested an upper limit of chip thickness of

4mm. for laboratory chips and 6 - 7 mm:for industrial chips.

2.3. USE OF WOOD FOR ENERGY
Wood is a renewable form of enef’gy which lends itself to being used by
rural or island communities where populafion densities are low and lalnd may be
available for tree planting.
"~ Wood as an energy resource has the following charateristic attributes
(Fraser, 1981b):
\
(i) It contains no polluting impqrities such as sulphur;
(ii) It can be produced cheaply in a smalil quantities to meet local
requirements;
(i)~ The technology for wood harvesting and cbnversion is simple, low
- cost and well proven;
('iv) Energy can be extracted from wood after it has been used for
other purposes or from residues produced during conversion
) brocesses e.g. offcuts, slabs, etc. from sawmills
(v) The ash residues resulting from wood burning is a very low
- proportion of the original fuel weight (1.5 - 3.0%) and can be

recycled as a fertilizer.
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The potential users of wood fuel in UK can be divided into the following, in
descending order of fuel \used: power station, large industrial users, small
commercial and institutional users, agriculturaland domestic consumers. |

The conventional use ”of wood is by direct burning (Campbell, 1979) but
since the oil crisis of 1970's there has been an increase in the use of wood to
suppllement other fuels.

The calorific value of wood at 20% moisture contenf is between 3,590 to
4,610 kcalories per kilogramme, compared with 11,310 to 47,000 kcalories for
natural gas, 9,565 kcalories for heating oil, 6,450 to 8,600 kcalories for coal,
6,700 kcalories for wood charcaal, and 1,670 to 2,870 kcalories for peét (Fraser,
1980).

The useful hea.t from wood is affected by its moisture con.ten‘t since some'
heat is required to drive off this moisture during combustion. At high moisture-
cbntents i.e above 200%, wood will not burn without an axuxiliary source of
heat because of the difficulty of maintaining a higher temperature in wet
conditjons. The calorific values of dry wood vary considerably between species
depending largely on the amount of oil and resin it contains. Softwoods with
their high resin content also have high calorific value. |

The qualitative potential of wood residue to supplement other energy has
-n'ot been fully investigated and developed. Fof domestic users, there is a wide-
range of choice of commercially available appliances which can burn woodv,but.
information on their efficiency is rare and eaéh “model has diff(ereﬁt |
requirements for fuel. The choice however, ranges proadly between stoves to
heat individual rooms relying mainly on thermal radiation and convention, to
boilers with jackets to proviae heat for small bore water or central heating

systems (Fraser, 1981a; 1981b; 1980).

vy
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a single stove with an output of 4 - 6 KWh,, capable of heating a large room
will use about 3 - 4 tonnes ‘of dry. wood annually, while a boiler with an output
range between 25 - 30 Kwh. quI consurne 10 - 15 tonnes. With these large .
annual requnrements malntamance storage and adequate supply of wood may
constitue problems. Crowther & Patch (1986) noted that an approximate 1.75
tonnes of dry wood which will occup\'/ about 4 cubic metre of space when
stacked will provrde the'same amount of'heat'as a tonne of coal which
occupies just about 0.75 cubic 'metre An approach to solvmgl the space
problem is to reduce wood volume by compressing it into briquettes. In this
form, the volume could be re_duced to albo-ut one fifth of |ts original bulk.

For industrial and institutional users of wood energy (i.e industries and local
authority schools and hospltals) there are number of large boilers which can
process of space heat orlsteam_.. Most of them are supplled with self loading

equipment which means that solid wood is converted into chrps and stored in a

hopper this lncreases capltal costs but reduces the runnmg costs.

U O PR O t

According to Fraser (1980) fluidised bed technology has in the past few
years have been developed  to point where a_number of models are

commercially which can burn wet wood. These have the advantage of handling
. hY - ,

-

green chips. more efficiently than traditilonal _boilers. __The conven‘tional boiler
generally employs a stocker and falrly Iarge lumps of wood in the srze range of
3 -5 cm. are preferred compared wuth a fluldlsed bed system’whlch requires
small chips.: | -
The third st/stem available to large establishments in the use of wood for
energy is wood gasification which.-may use wood or other organic matter to
produce a low calorific \{alue gas suitable for diesel generators. 1;his_ has been

reported to have overall efficiency between 25% and 30% so that a plant that is

consuming 20 tonnes of dry wood per day will give about TMW of electricity
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Table 2.1 Retail prices. for industrial energy in U.K. from 1963 to 1984

Year Qil Coal Gas Electricity
1963' 191 219 - 67 16.76
19647 179 219 6.67 16.67
19651 167 2.19 661 17.43
1966' 177 2.23 6.68 | 18.05
19677 206 215 6.64 18.49
19687 225 208 6.67 18.67
19697 222 211 585 18.86
1970' 222 253 4.52 19.16
19717 333 302 3.27 21.13
19727 318 325 296 21.59
19731 311 34 3.07 21.68
1974V 737 37 297 2768
19757 928, 6.55 4.27 36.33
19761 1063 681 648 43.63
19772 547 214 9.26 1718
19782 513 232 1171 1.9
19792 638  27.0 1367 2.1
19802 903 350 17.57 2.366
19812 1082  39.9 21.59 2.706
19822 1143 47.9 23.24 2.939
19832 1259 496 24.06 2.904
19842 1497 496 26.34 2889

(1) Price in pence per therm or kWh (DOE, 1977)

(2) Price in £ per tonne ‘ (DOE, 1985)
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(Fraser, 1980).

The heat valuesof b;rk are slightly higher than those reported fo;' wood
(Aaron, 1975). This appears to be affected by the. amount of aéh, benzene,
solubles and lignin present in barks (Sproull, 1969). According to Aaron (1976),
'the use of bark for energy has some drawbacks. Bark has a higher ash content
than other fuels (four times greater than that of wood) and its use requires
speéially designed furnances which involves a higher capital outlav.. Bark could
have significant fuel value at moisture content below 60%.

The use of wood as a major source of energy has a long traditional history
and it still repre‘sents the most.rgadilv available form of domestic energy i-n
many countries.

As the price of fossil energy rises (Table 2.1) until the rec.en‘t oil slump
brought about by price war, industrvial firms and home owners have increased
their use of wood for energy. Forest residues and currently underutilized stands
are recognised as untapped resources which may contribute substantial supplies
of energy. in future.. . The assessment of the potential contribution of woo_dv to
national energy consumption has been carried out for some countries. -

In the U.S.A. the potent-ial éontribution of wood to national fuel supply was
assessed by MITRE Corporation for the Energy Reséarch ‘and Development
Administration (now Department of Energy), (A'nne et al, 1977; Howlett &
Gamache,1977a;1977b; Salo et al,1977: Inmdn et ol ,1977; Bliss & Blake,1977) and
a task force separately set up by 'the Society of American Foresters (Doub_,
1976). From these reports, energy currently obtained was estimated to be
between 65 to 100 teracalories in 1979, while the potential contribution of wood
to US energy requirement was estimated to be about 563 teracalories. These
|.'eports‘covered the assessment of land capability for the establishment of

energy farms, production strategies and costs, conversion processes and costs,
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and the potential of wood residues.

Finland is a country with a harsh climate,long transport distances and a
predominance - of process type industries which have raised her per capita
energy consumption to one of the highest levels in the world (Hakkila, 1982 )
and vyet is without'any indigenous fossil fuel. The 6n|y importént domestic
sources of energy are water, wood and peat. Hence energy management has
been ba.sed on wood far longer there than in most industrialised countries.

In the early 1930’s, almost 80%, of the ‘primarv energy was generated 'fr'om
wood based fuels. As energy censumption grew and more timber was needed
as raw materials for lumber, plywood and paber, Finland had ;o turn to fossil
fuels, so that by 1978 the_proportion' of wqod based e.ne.rgy had dropped to
14%, most of which was used by commercial induétry (Hakkila,.1982).

In the UK, the potential of forest biomass as a supplementary source of
energy was assessed by examining single stemmed trees and thé coppice from
forest stands (Mitchell,1981). The estimated potential quantity of fores_t residues
based on..-a perceniagé o predi'ction, of . component parts of a tree (i.e.'
roc;t,stumps,tops .and. branches) was 1400 kilotonnes dry weight per ar,inum in
1977 and to be 3200 kilotonnes dry weight 'per annum at the end of th'e _century. 7
Of these quantities, only 371 kilotonnes 'woul'd be recoverable in 1977 and 1,520
kilotonnes; at the end of the century. These are equivalent to 163 and 670
kilotonnes of oil respectively. e

The use of wood in UK. has .declined in importance because of abundant
suppl'y.of coal and more recently, the Noﬁh Sea oil (Fraser,1980). However,
fossil fuels seem to be rising steadily in price in real terms because of the great

investment needed to extract each additional unit, (Table 2.1) with the resuit

that interest is again focussed on potentially renewable form of energy.
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Having consideréd the domestic.and industrial potential for using. wood
residues in detail it should be pointed out that the choice of fuel and fuel
system depends on the comparative economics of the different fuels and
conversion plants that m\ight be used. Before completing thvis- aspect of tAhe
review it is worth mentioning that some wood processing plants and d.istille’ries
in UK are giving selrious consideration to the potential contribution that green
chips ,possibly from forest residues, could make to their energy requirements

(Greig,1985)

2.4. AGRICULTURAL AND HORTICULTURAL ‘MARKETS

The main markets for forest residues in agriculture and horticulture are for
bark and tree stakes. Bark is used for a wide range of purposes;'which include
'mulcr;ing, potting mixture for container grown plants orchid - culture. and
mushroom production. According td Aaron (19_{35), the greatest volume of bar;(
sold currently in UK. is for landscaping. It is also marketed .for équestrian
purposes and for play areas.in parks and kindergartens.
241 Use>o.f bark as mulches and soil condi't,ioner

A hulch is any material placed on the soil surfac'e'primarily to prevent
evaporative water loss or to supbress weed growth. Mulches aléo minimise
temperature flu';;g;ﬁation in the plant root zone and prevent wind and water
erosfon of soil. “‘They have esthetic values, enéourage earth-vs)orm' populatiohs
and improve the root environmentr (B'ollen,1969). Physical incorporation of bark
or other organic matter to the benefit of the soil ss termed soil conditionihg .
Fine textured or heavy soils are rendered morg porous, which may imprpve
aeration and drainage. This action results not only from soil dilutidn i.e
mechanical intermixing of bark particles with soil, bqt also from subsduent

decomposition products and humus formation, which increases aggregation or
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granulation and produces an improved tilth.

For muiching, many different materials incIu‘ding du‘st, stones, papérs, plastic
sheeting, asphait emulsions, bark, saw dust, straw and other crop residues can
be used. An ideal muiching material s'hould of course be safe for plants and
animals, pleasant and very easy to apply, attractive, long lasting, non injurious
to soil micro flora and an eventual source of soil humus. Bark has been
reported to have most of these prerequisites, similar to leaves and straw
(Thomas, 1969).

The size distr_ibution of ground bark is particularly important in muliching use.
There should be no excess of fines as thié may cause disagreeable dust in
handling and high bulk density which may be sufficient to reduce aeration and
infiltration of water.. Bollen (1969) recommended a screened grid ranging froﬁ
1.27cm to fines with a majority: of particles greater than O.S cm. as generally
satisfactory. )

Dunns and Em(ery (1959) reported that when wood residues such as bark are
used as soil conditioners, they improve friability aﬁd prevent crust formation as
effectiv'ely as peat moss improves tiith in fine textured soil; they also increase
infiltration rate improve'aerétion and produ'ce more rapid flowering.' However,
the amount of organic matter added to the soil must be controlled (Bollen,1969).
Excessive addition may increase aeration so much that during hot weather, ‘soil
will dry atatmdesirable rate. Under wet conditions, excessive addition of oi’g_anic
matter increases the water holding capacity of soil which‘may result in water
logging and development of anaerobic conditions. Other disadvantages of using
bark.for mulching and soil conditioning include competition with growing plants

for nitrogen, increasing soil acidity and potential for production of toxic

materials.
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Organic mulch decomposition in soil occurs mainly at the zone of contact

. ) The -
between the underside ofz\mulch and the mineral soil surface; it is usually

"‘_ accomplished through the action of fungi and bacteria. These microorganisms

require a source of energy and nitrogen for their development. Wood residues
left on.soil provide carbOna'ceous materials needed for energy but supply little
of the-neccessary nitrogen. | |
Wood residues in the soil are best composted prior to their use. One of the
best method of composting is to mix wood residues with manure or othér aids
to composting, and place them' in a woo'den box outdoors. The contentgshould
be kept wet to aid the' composting process. The advantages of composted
‘materials over dn!composted ones are their superior water holding capacity and
high-er nitrogen content but their production is labour intensive(fzoberh* 196€D -
Other properties of mulching materials requiring some consider_ation are bulk
density, heat capacity énd reflectance. Bulk density varies with particle siz;a and
distribution, the smaller.the particles the greéter the bulk density (Bollen, 1969).
The heat capacity of organic matter depends’ on its wa'te'r‘content. Bark has a
. high water holdiné capacity sgveral timeé its own weight.‘ The colour of
mulching matefials is important in thermal .a'nd light reflectance. Light coloured
mulbh such as sawdust reflects heat which may cause sun scald of Iow leaves
and fruit. Bark bein»g darker than sawdust absorbs light and‘h_ea_t more readily

and increases evaporation induced by absorbed heat (Bollen, 1969).

2.5 WHOLE TREE HARVESTING IN UK.

The concept of whole tree utilisation often raises alar@ because of the fear
of possible ecological repercussions of removing virtually all above ground
biomass frdm the forest. The consequences of such action, it is claimed, are

damage to soil structure, increased risk of erosion and a loss of soil nutrients
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\from the forest floor yet no one has translathed these implica»ﬁons into costs.

Whole tree harvesting ié the removal from site of all abo_ve grodnd tree
parts (cf. full tree harvesting which includes the removal of stumps and roots as
well) (Young, 1974). Whole tree harvesting h_as been regarded as an ecological
threat, largely because -of tﬁe obvious nutrient losses consequent on harvesting
the crown which is rich in soil derived elements. |

Binns (1975a) showed that at least three tfmeé as much of the major
nutrients might be lost from the- site with whole tree harvesting as With
conventional method. Similar figurés for Sitka spruce were confirmed by Miller
(1978) >but Carey (A1980) stressed that litter nutrient stocks and atmospheric
inputs may overcome. the harvesting drain problems on good soils.

The particuiar attraction of .whole tree harvesting in Britain is mainly
focussed on thé large weight of crown relative to sterh in poor to moderate
crops, probably marginally deficient in phosphon;':_f_?zus, growing on upland sites
which are expensive to harvest. Fuil tree harvesting methods are not likely to
bé adopted in U.K. as the majority of upland crops are on stony soils v;lhere
roots can enclose Ia’rge stones which thén damage processing machinery.
.Furthermore. .many gley soils would be unacceptably damaged by pressure
exerted during extraétion Aalthough some forms of stump ex'tracti\oﬁ could
fracture and aerate soil { Carey,1980) -

There are three irﬁportant site conééquencies of whole tree utilisation:

1 ‘Nutrient removal in the harvested crown;
2 Nutrient losses from the site, and transformation of nutrients due
'to the absence of brash carpets;
'3 Physical changes iﬁ éoil structure, aeration,and water propertjes

“which could influence rooting.
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2.5.1 Nutrient removal from thé crown )

Studies by Binns (1975a) on the ratio of total tree nutrients to stem nutrients
for - Sitka spruce indicated that on average over four times as much
phosphonjus would be rémoved as with conventional harvesting; the ratio is
over 5:1 for nitrogen and 2:1 fbr potassium and calcium. These ratios of
nutrients removed by \;vhole tree to conventional harvesting are generally lower
for bigger trees and higher for smaller ones.

Binns estimated that at least 40 kg. per hectare 6f phosphate fertilizer would

' ’ ' reof ¥C12)
be needed to replace losses from average clearfell sitka sprucefbut in practice
more would be needed because orily a small proportion iS taken up by the
trees. }Nutrient stocks and atnﬁosphgric input can be set against the
feplacement, but on the typical marginally deficient site may have‘to be paid
for. |
2.5.2 Nutrient losses and transforhation

The demonstration of nutrient losses at Hubbard'Brook in North America
following clear fell operations has arouéed consicjerable interest in nitrate losses
to stream water (Likens & Borman, 1977) . Accelerated leaching appears to be a
real dangér. in thé wet west of Britain because an intensive whole tree operation
leaves ‘the ground exposed to rainfall, with no brash co;/er to intercepf if
{Anderson,1985). T»his' potential danger of accelerated leaching of nitrates has
not been gfvén serious attention in the* past because foresters 'uSéd to think
that wet acid ‘upland soils contained predominantly ammonium rathel; thah
nitrate nitrogen. There is some evidencg that on sbils of this type nitrate can
exceed ammonium in the root zone and the _poSsibiiity of leaching |s once more
considered. Recently' some publicity has been given to pH decreases

accompanying nitrate losses from the 'soil, and in particular Nilsson et al (1982)

: Q
have drawn attention toﬁnevitable fall in pH if cation rich foliage is removed
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from the forest. In general there is not much concern about acidity per se in
forest soils beause there has been little or no evidence tha.t UK. forest trees are
limited by calcium shortages. Nevertheless, large losses of calcium following
clear felling might ‘induce unforseen changes résulting from increased m‘etal
solution and 'mod_ification to decomposition proc.esses. Gaseous denitrification
is a newly perceived threat. It was assumed unti! recently that acid and
ammonium soils with most available nitrogen present as ammonium ions woulld
not evolve iarge quantities of nitroﬁs oxide,but recent agricultural evidence
casts doubts on this assumption (Anderson,198§). .It is ”envisaged that
coﬁaitions in wet upland site; may become rﬁore strongly anaerobic near the

- hmu%hhg '
surface after whole tree Qperatiqn because of increased waterlogging following
puddling and reduced_ interception which would increase this loss of nitrogen.

Watel;-logging may also influence phosphate transformation‘ in the root zone.

Many of the upland soils in U.K. are strong phosphate fixers when aerated but
soil chemists believe that prolongation or intensification of anaerobic periods
may convert iron and aluminium compounds into soluble forms, realising bound
phoéphate so that it may be leached below the rooted horizons (Anderson,1985).
Certainly the widespread phosvphate deficiency on such sites suggests that this
ha-s happened in the past but the process is difficult to quantify.

o Another_important aspect to be considered is litter decomposition following
haweéting. With conventional practice the litter is‘ n.ot'm'uch exposed io the sun
and rain, but in the absence of an insulating carpet of brash the question arises
as to whether decomposition and mineralisation will be accelerated or. slowed
" down. According to Andérson (1985) the result of a pilot study on an upland
gley soil showed a rapid flush of nutrient release ’vfollowing a simulated whole
tree harvesting, such that 15cm. of the fermentation and humus horizons

disappeared in 18 months. This is twice the amount following conventional
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felling and makes one ask on ﬁwhich sites this .occurs and which sités dry up
rﬁore in summer so that there is actually less nutrient release. A rapid release
fol!o_wing felling could be an advantage to the next crop if Ade.composition
products remainéd on site, but a disaster if they were lost before the next Acrop
forms a good system of roots. Exberiments designed to mea§ure
'decompositiono and its products are under way-at sites in Snowdonia, the
Borders and N.W. Devon, using sequgntial measurement of litter and equipmeﬁt
to measure leaching, decomposition and respiration in the soil nutrients. This is
aimed at investigating whether a change in micro-climate followihg felling
causes increased or decreased decomposition.
2.5.3 Physical changes insoil

Most of Britain’s productive forests are on areas with average annual rainfall
of more thaﬁ 1000-mm. and in many , the soils are glacial Eills of heavy texture
and in some éases clays derived frorp underlying geology. Hafvesting
machinery under these conditions can do a great déal of darﬁage to the soil
such as soil compaction. In contrast if they are working on a mat of brash
especially spruce branches which break d‘own_ rather s_ldwly (Binns,1975a), or if
they procéed through the forest on the' mat of brancﬁes from the éurrent
thihnings, .then the likelihood of damage is lessened. |

If whole tree harvesting aggravatés puddling and increases the'delivery of
rain.‘water to the soil,(chén rooﬁng could be affected directly. In upland gley
soils,'roots are not usually able to penetrate more than 2>5 to 30 cm. into
mineral soil before being inhibited by seasonally anaerobic conditions
(Anderson,1985). If this rooting depth is reduced, stability willl'deteriorate.and'
any structural improvements brought about by the trees will be lost. Oxygen
flux measurements are being used to determine changes in depth to the limiting

level following felling (Anderson,1985). -
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- Studies have éhown that organic matter particular‘y decayéd- wood, imparts
imbor‘tant properties to forest soils such as moisture holding capacity.
However, the contribution of wood residues to soil nutrient capitai takes a very
long period of time to: actuélly materialise. For exarﬁple,' the incorporation of
soil organic materials must be considered in the long term management
process. Time lags of approximate.ly 100 to 300 years occur between the time
wood is produced on a forest site and the time it becomes incorporated into
soil organic matter (Harvey et al, 1981).

The Iég periods for incorpora;cion of forést ‘residues into the soil are
influenced by habitat type (Harvey et al, 1981). This .has a major inil‘luence on
time period for an ecosystem to equilibrate with wood biomas_s concentrated as
undecayed soilsurface residue or as extensively decay'ed materials incorporated
into the soil profile. \

Resource assessment and a!locafion require that ail ‘factors must be
considefed in! decision making and that wherever possible these fa_ctors $hould
be cbst analysed. Fdr exarﬁple. the pf;)s and cons of whole tree harvesting, or
convenﬁonél harvestin.g, should be e\;aluated .in the Jlight ‘of market informatibn,
cur}ent/knowledge on thé ecology of the systems involved and costs of th'e
oberations. | |

Having highlighted the importance of wood residues, their potential ‘ang_their
limitations, the rest ‘ofi this chapter briefly examines the various methods used

for their quantitative assessment in previous studies.

2.6 METHODOLOGY FOR QUANTITATIVE ASSESSMENT OF WOOD RESIDUES
The only method of assessing the quantity of mill résidues reported in this -
review is by questionnaire survey, usually in the form of interview or mail

questionnaire (U.C.N.W.,1974; Carruthers, 1975; Albanis, 1978; Aibanis & Coopef,

27



1979a;1979b).

The use of this method has its merits and draw-backs, which havé been the
subject of good deal df research and débéte. Perception, attitudes and opinions
which can not be inferred by observation are’accessible through interviews and
mail questionnaire (Cannel & Kaln, 1957; -C’_ombgﬂ:ﬁkgii'ﬁ;i 1953; Courtenay,1978;
Cammat -kt 1953) '"

The major problems of interviews stem ffom the inability and the
.unwiHingness of the respondents to give correct information requested in thé
questionnaire either due to loss of memory or lack of interest in the survey or
even both. The limitation of}v this method to some aspects of this study has
been rendered inevitable by the nature of_ data collection itseif. In their studies,
guantitative assessment of the amount and types of residues was achieveable
by questionning and relying on the information given. ‘This is not possible fo
acquire with forest fesidues without actual measurement by the researchér in
the field because forest managers rarely estimate the residues left on the
forest.The - quantity of forest residue .can be estimated for a given area by
summing up the vaI_ues for individual trees within the area. |

Turning to forest residues,estimates Qf biomass have been based ;)n a whole
tree.approach (Rennie, 1966). T.his does not relate the main fofest produce to

T

its residues which is more meaningful to a forester, '
- | 9o 197

Ovington and Madgwick (1959), Baskerville (19651 and Atwill (1966) have ail
'compared different methods of estimating' the dry weight of stands of different
species. Although their methods differed, they reached the same general -
conclusion that, because of different proportions of leaf, branch, trunk and root
materials in different tree sizes, accurate estimation of weight of trees in a

stand requires a number of trees to be sampled and these should be distributed

“over the range of tree sizes present. A tree of average bole dimension, they
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4 c'laimed is unlikely to be average in terms of other components.
-~ Vow > 196257 Woven £ Ochn, 1964,

Bailey (1969] used the line intersect technique for estimating the volume of
logging residues. According to this met;md, 4residue vol_ume' could be estimated
from two sets of sampiing lines at right angles.. The only variable requiring
measurement was the mean cross sectional areas of re_sidue pieces intersected
by the sampling lines. This method was particularly suitablé ‘for both tractor
and cable logged areas . The line intersect method, according to Martin (1976),
is both time and cost saving yet providing reliable ar'1d unbiased estimates
which are little affected by species, cutting type, slope, road influence anq
length of residﬁe piece. It is particularly attractive to field pe(sonnel because it
requires fewer decisions and gives them greater confidence than the fixed plot
method. However it is disadvantageous for small areas such as the study areas
for thié excercise because a very long line is needed to (;btain a reésonable
precision. For example, to obtain a precision of +_ 10% of mean residue
volume, a !ength of sample.line should be a‘bout 680 chains.(13.68 km.) in a
mechanised clearfell site. Another disadvantagé of this method is that its
estimate ca;1 only be related to area and type of cut but not to a single stem.

The most Feg:ent method of assessing vreSidues is the aftempt made by
Rollinson (1980) using an image analysing cbmputer to estimate crown voiume
of open grown trees. The method is not fully developed and its application is
apparently limited to open grown trees. 7 | |

The study objectives will obviously affecf the methods of data collection
adopted. In this study interest is beyond just quaﬁtitati\)e assessmént, it
includes qualitative as:;;essment in relation to market requirements. A full
consideration of forest residues in this way will add to the body of knowledge

on their market potential. \
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2.7 HARVESTING OF FOREST RESIDUES

The conversion of bole wood to chips has normally been a miil operation
but what is relatively new ié chipping on or closer to the forest énd éhipping a
larger part of the tree.

In the begining of the 1970's several factors led to rapid development in the
use of whole tree chips particularly in North America as an industrial raw

materials (F.A.0,,1976b). Prominent among these factors were :

(i) A rapid growth in demand for chips and local shortage of fibre
sources;
(ii) Environmental concerns for wasting natural resources and concern

over the slash and its treatment methods such as.burning;

(i‘ii) The seérch for raw material delivered at .mill at fowest .ccl)st
possible; |

(iv) The advent of equipment for whole free handling and chipping.

By the end of 1975 almost 500 mobile chippers were sold in North America
of which 300 were for field chipp'ing and others were for stationary use on
terminals or for urban use. These produced both whole tree chips and chips
fro.m forest residues.(FAO, 1976a). | |

In Sca'ndinavia countries, there is a general shortage of bole Wdod raw
materials in relation to consumption capacity:of forest industry and furlthermo‘re,
inc'reasing areaé are 'reaching the age then the first thiﬁ.ning' operation is
requiréd. Alternatives to the traditional labour consuming thir;:i‘ng methods are
needed in high cost countries. For these reasons, whdlé tree utilisation
research projecfs Started aboutv 1970 and it appears that relativeiy more
research and many trials have taken place in Scandinavia compared to North

America. Major practical approaches for harvesting more forest biomass have

been:
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- harvesting of stump and root wood;
- harvesting of residue (slash) left after conventional logging;
- chipping of the above ground part of the tree.

At many localities the forest residué left after logging is viewed as a huge
disposal problem. Diffell'ent slash treatment are carried out as discussed earlier
(section 2.1), one alternative being conversion to chips' usable for ‘energy.
Considerab‘Ie research and feasibility studies Have been and ére still being
carried, out for example in USA and Scandinavia (Grantﬁam_ et al, 1974;).

The idea of converting stem bole into ;hips is still being considered in
Britain as ﬁrevious trials dld not give encouraging results (Holmes, 1976;
Lofthouse, 197.8). However, it is envisaged that in the light of current

developrhent in technology for chip converéion in Scandinavia (Hakkila,1984) and

the potential use of green chips as a source of energy in distilleries and mills

(Greig,1985), a reconsideration of this idea in Britain is underway.
The economic consideration of residue procurement carried ouf in this study
made use of the machinery output guides from Finla'nd (Hakkila, 1984) since no

local data were available.

2.8 SUMMARY AND CONCLUSIONS:

Available information on t_he "state of wood residue broduction in UK reveals
that. a. large quantity of industrial wood residues is being gengrated by wood
industries annually. Studies on the prodhction arid uses of wood residues are
largely restricted to mill residues without adequate consideration being given to
forest résidues. Methods of acquiring information used in these studies are

| interviews and mail questionnaires and no detailed economic evaluation_ of the

~

~ potential of the residues is given.
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Mill residues have market values which are influenced by their proximity to
markets as well as their quality in relation to particular market requirements.

For the use of wood residues for particlle board production the most
important quality re.quirements are wgod density, wood acidity, permeability,
moisture contént, bark content, length and thickness'of flakes to bé produced
from the residues. The factors to be considered for fibre board are size of
chips and species préference, the latter again being important in pulping. _

For the energy market, mill and forest residues residues have enjoyed a long

A art
=== the world}the main

history of traditional use for fuel. In some parts of ‘L
source of énergy while in others they have been replaced by teqhnological_ly
advanced alternative sources. Wood is then relegatéd to a supplementary role.

Apart from éllocating'mill residues to the alb‘ove uses, they may be disposed
of burning or by being given away free of charge. Disposal methods for forest
residues are burning,vchoppi‘ng or no treatment at all. Inspite of the apparent
potential of forest residues little consideration has been given to their use,
perhaps due to their quality or to fear of the environmental cdnsequences.

'The. refnoval of mill residues does not pose any threat to management;
instead it may be economically essential to make a‘profit if such‘resi‘due‘s are
marketable. Thié is contrary to forest residue disposal whfch often raises alarm -
because of the apparent envirénmental threat. Foreét residues contribute to soil
nutrients but this is not instantanou‘s for most residue typ‘es because it fakes
long periods for the decomposition of woody materials to take place. The
current thinking in UK. is that the most feared ecological effect of whole tree
harvesting is not nutrient drain as such but soil compaction éspecially on gleyed

soils- :rhis may be overcome by using brash as a carpet during harvesting

operations.
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.This 4study will therefore pay specific attention to forest residues, ‘their
quantitative and qualitative assessment cdupled With economic assessment of
their potential for particular markets. Thus, this study will quantify the types of
residues usually available, i.e. both post conversion_‘(which includes brapches
and tops) and post extraction residues (unextracted main broduce and odd
pieces). The quality factors such as density, moisture. content, calorific value
and tracheid of both the main produce and residues will be investigated, in
order to see whether or not there is a significant difference _bét;/veen théir
values. Thé quantitative assessment of forest residue in this study has been
baéed on the hypothesis that post loggihg residue excluding stumps can be
estimated for a given area by summing up the values for individual trees within
the area. These values can be expresséd in terms of weight or volume.

The possibility of pfedicting the quantity of post logging residue by
regression equation will be lookéd ‘into with aim of finding_ the best predictor
variables out of dbh, dbh squared (dsq) and. produce weight (pwt). This will be
based on the framework of biomass model already reviewed .

Finally, the consequences of harvestir‘lg residues already highlighted earlier
will be considered. In this respect, thg potential of site nutrient depletion wili
be estimated for an hypothetical situation, which will be translated into financial
costs assuming all the nutrients removed from the site as a resuit of residue
harvesting will be replaced by artificial vfertilsers such as urea, rock,phosbhate
and muriate of potash. The cost of procuring the residues as well as the

potential value of the residue will also be put into consideration in the known

benefit - cost analysis that follows.
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CHAPTER THREE
METHODOLOGY
Both primary and secondary data were used to realise the objectives of the
study. Secondary data had to be relied upon for some aspects of the study
because of lack of time, finance and manpower to cope with deriving them
primarily. The methods of study divide into the following three stages :-
(i) desk research
(ii) field work

(iii) laboratory work.

3.1 DESK RESEARCH

This stage involved the collection of data from secondary spurcés i.e. those
that have been collected previously and reported‘ by someone other than the
present researche;'. As far as this study is concerned, p.relimin‘ary information
indicated the available data could not supply ail of theA requir_ed information.
However, acduiring all the appropriate data would be too costly and time
consuming to carry out every component part of the study. Therefore the
experience and findings reborted elsewheré have.been modified -and used with
.care to supplement the information collected and such sources are-dmy

acknowledged.

3.2 FIELD WORK
3.2.1 General approach

it was initially planned that this study be carried out in randomly selected
forests in South Scotiand, covering different species, rates of growth, types of
topograp‘hy and harvesting technigues in order to relate residue bfoduction to

each of these factors. This proved impracticable within the constraints of
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accessibility, time and manpower available so the study was limited in scope to
two species at two different sites. |

Accessibility: The field work did not start until early autumn»1984 and ended
in early.spring, 1985. During this period, particularw tﬁe spring time, wet
weather prevented regular logging operations and detailéd residue assessment
from taking place at the chosen site.

Manpower: The initial part of the study was undertaken single. handed. .The
detailed measurements involved were rather cumbersome without field
assistance, thus a Ior;ger time was spent_ on measuring the required number o.f
trees. | |

Forest operation schedule: Since the success of the study depended on the
cooperation received from the Forestry Commission, the decisions on study site
‘a‘nd species had to be taken to suit their feiling prografnrﬁe.

Sampling in the forest:

This stage of-the study was concerned with collection of data from the
~forests for the quantitative and qualitative assessment of post logging residues.
Ideally the best method of écquiring data about forests is to undertake a
measurement of the whole population possvess.,ing the attributes under
investi‘gation. In bractice, this is only practicable Where the population is both |
small and readily accessible (Jeffers, 1969); Hence, there was a need for
sampling. The forest wood residue assessment was carried out in thréé phases
namely a preliminary pilot exercise, the main study 6f post conversion residues
and the assessment_'of post extraction residues (togethér termed 'bost logging’
residues). These phases are described in Section 3.3.

3.2.2 Definition of study areas:
This study was carried out in the Elibaﬁk and Glentress blocké of the

Forestry Commission’s Lothian and Tweed Forest District, Scotland.
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Elibank Forest
A pilot exercise was conducted between September and October 1984 in
Compartment 52.. The compartment is about 380m. above the sea level and the

soil is an imperfectly drained fine loamy brown earth, the terrain having an even

roughness and very steep slope (Forestry Commission,1971).

The crop was an even aged mixed stand of Sitka spruce and Scots pine
M«M VQBbLS L_D
plante in 1952. The stand had received no 'snwcultural treatment so that the
spruce had suppressed the pine resulting in irregular spacing due to high
mortality of the latter. Because of the lack of thinning the stocking was high
with an average of 26 trees per 0.01 ha. plot. The whole area was: being clear

felled, the produce being sorted into sawlog, pallet and chipwood lengths for

extraction by forwarder,

Glentress forest:

The main study was carried out in compartment 1025E which is about 320
metres above the sea level. The soils comprise freely drained coarse loamy and
fine loatny brown earths and podzols and‘- the terrain has van even roughness
with moderate sk‘)pe' {Forestry Commission, 1971).

The crop was pure Scots pine plahted in 1933 which, unlike the Elibank
stand, had been thinned and .brashed. The area was clearfelled soon after’

' measurement took place, with conversion at the stump into thg same produce
as in Elibank. The éxpected probortions of produce harvested were 28% sawb
log, 42% pallet logs and 30% chipwood lengths. |
3.2.3 Choice of sampling methods:

When preparing a sampling scheme the following points should be
considered: |

(i) stratification of the area,

36



(ii) allocation of sample unit by stratum area,

(iii) use of syste:ﬁematic or random sampling units,

(iv) the required number of sampling units to give a desired level of
precision,

(v) .~ Size and shape of the sampling units.

Area subdivision becomes necessary only if the population to he sampled 3 |
has high variability. The greater the population variability the higher the
sampling cost. Stratificaﬁon of the populatiqn was necessary at the study site
at Elibank forest, based on diameter at breast height It was not neccessary in
the Glentress forest site in the uniform stand of Scots pine. Thus stratified

becamar § S omd Speeats yomainldy 5@9%
random samplmg was used for the pilot study, whlle three main sampling
techmques were used m’Zi:):;m study. The .pllot exercise lndlcafed no sugmflcant |
difference between the mean values of total residue weight per tree obtained
from sample plots and piot mean tregs. Therefore individual tree rmeasurements
were used in the rﬁain study.

‘Three techniques were used to locate .the, trees for measurement in the maiﬁ
study area : a systematicﬁ- grid line transect, a systematic plot mean tree
approach and a random plot mean tree apprdach.' This was done to test the
effect of sampling.technique on the assess?nent of foreﬁt residues by comparing
their estimates per hectare in terms of precision and cost in time. A
co;'nparative study was con;idered fleccessary becauée one of -the main :
problems of estimating forest residues is that the excercise has proved to be
too cumbersome and unappealing to foresters. The first two sampl-ing methods
used were systematic and the third random in principle. The statistical
difference between the two centres around/\r:tltement of randomisation, which is

lacking in 'svstematic sampling but is always assumed in the test of significance
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and estimation of confidence limits. In random sampling the element of sample
unit{, randomisation is élways present because selection of plot is based on the
. theory of equal probability of selection (Jeffers,1960: Huscr;i;g;\_aIJQBZ;
Freese,1962). This means that each sample unit has an equal chance of being
selected, thus consistency eliminates bias and enhancing the possibility of
estimating precision. However systematic sampling is frequently used in
practice and can give a more representative sample (Bitterlich,1984).

Apart from the difference in statistical principle, the method used can be
divided into either fix.ed area plots and nonjfixed area plots e.g. the grid line
transect. In the‘case of fixed area plom)the selection of the most suitable plot
shape and size‘ is a factor which méy infldence considerably the precision- of the
surveys. In this study, circular plots of 0.01 ha. were chosen since this was
considered an appropriate size_ for the range of crop types envisaiged.

A circular plot has the advantage of minimum perimeter per 'L_mit_area and
small size has the advantage of étatistical efficiency, which is increased by
decreasing th-e size of sampling unit and increasin_g the number of units
measured in a population (Jeffers,1960; Freese,1962.;j;§%0}Husch,1971 &

Hamiiton,1975).

3.3 FIELD MEASUREMENTS.
bThe measurements téken in the field in order to achieve fhe first two
objectives (Section 1.3) were the produce '_volume, tree size (i.e. diameter at
breast height over bark) and weight of branches and stem tops. The weight of
the produce was obtained indirectly by taking discs to determine density.
Weight measurement is a useful means of quantifying produce for sale i.é.
Wher}cpayment is made in terms of price per tqnne. It is becoming an important

method for measuring forest produce although mainly confined to bulk supply
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of small round Wood (Hamilton,1975); Weight may be obtained indirectly from
known volume and density.

The use of weiéht for quantifying residues in this study was considered
appropriate because it is very suitable for the small sized residues being
inQestigated. One drawback is that variability in timber density could result in
less reliable data if some measurements are of volﬁme converted to weight.

The green weight (GWT) of branches and stem tops of trees was measured in.
the field and oven dry weight (OWT) was determined in the laboratory from
.sample material.

3.3.1 Preliminary' study:

This was carried out at Elibank forest block with the following aims:

(i) To assess the practicability ?nd 'adequacy of the proposed
methods,

(ii) To idenfify potentiai field constraints and tackle them
before th.e commencemenfc of the main study.

(iii) To determine the optimum samplir)g‘schemens for forest residue
estimation to a desired precision. *

(iv) To identify further improvements, if anythat could be made to
make the study a succ‘ess. |

Ten circular plots of 0.01 ha. ‘each were laid down randomiy within
Compartment 52. Eight sample trees were chosen to cover the dbhdistribution
because the unusuélly high stocking density made it impracticable to measure
all the trees in each plot.

All trees within the plots wel:e marked by spraying for ease of recogniti_on
and their diameter at breast height>over bark (dbh) was measured with a
‘diameter tape. Measurements were taken to the nearest 1 ¢cm (rounded down

diameter class) and recorded on the data collection sheet (Appendix 3.1).
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Eéch sample tree was felled t_)y' a chainsaw operator who also did the
snedding and conversion into main produce pieces according _tb standard
Ioggiﬁg and safety conventions. These pieces were of varying diameter but
were ali of standard lengths i.e. 49 ~ 5.1 metres for sawlogs,' 2.5 metres for.
pailet logs and 2.0 metres for chip-é wood logs. Length and mid diameter of the
main produce pieces we‘re measured for volume calcuiation according to
H;‘é{ber’s' formulal; (Husch et al, 1982).

Measurement of the residue was limited t6 b‘:"anches, stem tops and the
foliage. fhe stump was not considered because of the observed high standar_d
of felling convention that did not allow any significant proportion of thé
merchantable stem as stump. |

A .10 kg.weighing balance was suspended on a strong rope fastened to two
standing trees. The branches Von each who-rll\mdled to'gether and the stem
tops were in turn hooked to the balance and their. weights recorded to the
nearest 0.1 kg. on data sheet (Appendix 3.2).

3.3.2 Thé main study

Experience gained from the'prelimin‘ary study showed that the method useéi
was cumbersome and time consuming and therefore unsuitable as/a means of
qualitative asseésment needed to a.chieve the first two objectives (Section 1.3). -
Three sampling techniques were therefore compared as mentioned in section
3.2.3 and these are described fully in the following .sections. . They differ from _
each other only in the methods ofb selecting the s‘a‘mple tree, while the ;same
measurements were carried out on all sample trees.

Data were collected from a tota} of 353 trees measured by using each of the

following sampling techniqueé:

(i) Systemt.{- atic Grid Line Transect (SGLT)
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A square grid of approximately 30m. x 30m. was. laid out over the area by
pacing with the aid of a compass, the base line being chosen carefully to
maximise the number of grid points in the stand. The trges selected as sample
trees were those which lay closest to a grid point irrespective of their size :
grid points less than 2m. from the stand boundary were rejected to minimise
edge effects. |

Every tree selected was marked with blue tabe, labelled and its bfeast height

diameter measured and recorded on data collection sheet A3 (Appendix 3). In

> on locating the

all, 33 trees were selected for sampling and the time spent 7
trees as well as measuring the dbh was recorded.
(ii) Systematic Plot Mean Tree (SPMT)

This involved laying ouf 0.01 ha. circular plots at every grid point, usiﬁg the
.grid transect tree i.e trees already tagged with blue tapes, as the centre of each
plot. The dbh of every tree within the plot was measured and recorded.The
iquadratic'mean dbh was calculated in thé field on a pocket calculvator ahd the
tree with or closest to this figurer was selected _énd marked as the plot mean
tree. Thirty one plot mean treed were ‘selected out of 240 sample trees
measured and all the plot mean trées were taéged with red tape and .Iabelled
for easy identifia'tion with code numbers. The time spent on this excercise was
recorded.

(iii) Random Plot Mean Tree Approach (RPMT)

This differed from (ii) above by the way in‘ which the plot centres were
lécated. Random- numbers (from Standard tables) were chosen between 1 to 29
for both x and y coordinates of each grid square before going into the stand ;
this will enhance more efficient randomisation (Jeffers,1960). Plot centres_ were
located by pacing with the aid of a compass from the grid points marked by the

blue banstrees. Sampie plots were laid out and measured as in the systematic
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pI‘ot mean tree approach. Once the plot mean trees ‘had been identified they
were tagged with white tape.
Data collection:

All sample trees regardless of the method of selection, were felled a_nd
converted by a Forestry Commission operator as in the pilpt study. The quality
a'nd quantity of the branches, were recorded 'under two categories, dead and
live brané:‘hes (Bunce, -1968 ; Whittaker & Woodwell,1"968) and each category was
sorted out into the following size classes:.

Class1 less than 3.0 cm. base diameter
Class2 3.1 to 5.0 cm. base diameter
Class3 ' 5.1 to 7.0 cm. base diémeter_
Class4 greater than 7.0cm.base diameter

The range of size class was chbsen arbitrarily, with a view to providing
informati;)n which could later b_eA related to harvesting. The number of branches
- belonging to each of the above élasses was counted and recorded in record
'_sheet Ad (Appendix 3.2 ). Reprééentative branches were picked randomly from

each class for weighing, using the 10 kg. weighing balance as be,fore. The stem
tops were also weighed in the same way.

Samples of branches from each category aﬁd classﬁi}é‘together with discs cut
from the lower part of the stem as well as[sﬁem top were collected and
wrapped in foil paper to prevent Iqss of moisture, put in black cellophane bags:
and brought to the VIaboratory for further qualify ‘ass>essment. _

Time study was conducted on the conversion of the stéem top and large
branches which otherwise would have been Ieﬁ as residues to give an

indication of the extra time that would be spent converting these residues.

3.3.3 Assessment. of post extraction residue:
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The aim of this was tc\) quantify the main produce and the odd pieces left
after é normal extraction from the site to the road side. Odd pieces cc.)mprise
sound woody material of at least 5cm diameter and 0.5m long. The practice of
bench félling and stacking of the produce in strips alt.ernating with brash strips
to aid extraction often meangthat solrr{e main produce is. also not extracted. The
produce from both study sites was not extracted until five montl’ﬁ after felling,
and the length of this period may have some effect on the quantity of
converted produce left on site.

At both Elibank and Glentress study areas, rectangular plots 10m. wide and
of varying length were laid out,sybstematically after the produce had been
extracted. The lengths and. mid diameters of the odd pieces and left overs from
the main produce were measured and recorded (Apbendix 3C). The dry weight
of these w#8 indirectly caléuléted from their volume and density, discs being

taken back to the laboratory for density determination.

3.4 LABORATORY WORK

The aim of this aspect was to assess the residue with’ réspect to certain
properties which are important for assessing its market potential, namely

(w0 defuet 0w “page 5)-

mossture content, green density and basic densuty/\ In order to determineg
moisture content of the.stem wood from the main produce, stem top and
branches, discs of 1.5 cm. thickness were cut from these component parts and
oven dried to a constant weight at 103° C. The samples were weighed every
24 hours until .there was no difference in at least three consecutive weightings.
Three diameter and fhickness measurements were recorded in order to estimate
volume. Using the fresh weight recorded in the field the moisture content was

determined, using the formulag% :

MC=(W-w)/w x100 (Hamilton,1975) ;
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where MC is the % Moisture Content, W is the green weight, and w is the oven
dry weigh;c. Dens'itie‘s were calculated from the relationship between volumes
and weights. Conversion ratio which is the ratio of green weight to oven dry
weight, was used for converting the fresh weight to dry weight.

Tracheid length and dirt content were not considered for empirical
measurements because of lack of time. A brief review of the relevant
conclusions from past workg“.:'-.on variation of fibre length is presented in chapter
four. Also, standard figures on éalorific values for the component parts of both

species covered in this study were obtained from the literature.

44



™~

CHAPTER FOUR

QUANIIIATIVE AND QUALITATIVE ASSESSMENT OF POST LOGGING RESIDUES

RESULTS. AND DISCUSSION

This chapter opens- with a discussion of the sampling techniques (3.2.2) used
’in assessing the quéntity. of post logging residue, partic_ulariy the number and
choice of the individuai sample trees, with the aim of finding'/z”ne{osr‘suitable
techniques in terms of precision and costs. The quantity of residues are
presented both in green and dry weight per hectare and are divided. into two
broad categories, namely the pbst conversioh and post extraction residues.
Finally,. the quality of various types of residues namely tohs, live and dead
branches are assessed in terms of moisture content, green and basic density,
with supplementary information obtained from published data on calorific value

and fibre length.

4.1 SAMPLE DESIGN

The results presented m th-is chapter are from both study areas (3.2.2).
411 Comparision of methods:

Because of the high stocking"at Elibank (2,600 stemsper hectér_e resﬁlting in
an average of 26 treeé per 0.01 ha piot) it wams neccessary to ffnd a solution to
this ex.cessive number of stems to be sampled per plot. A comparision of
residue weight obtained from whole plot data and plot mean tree dafa was
carried out for the 1b sample plots, using paired t-tests to check whéther the
- difference between the two methods was statistically significa‘nt.

Although all the values of mean tree residues obtained from whole plot data
. are hig\;her”"chan those using thé plot mean tree, the differences are not

significant at 95% level of probability (Table 4.1). This result confirms the
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' findings'of the previous workers (Atwill, 1966; Madgwick,1969; Rennie, 1966) that
the plotimean tree method -underestimates the variables being measured since
the mean tree is not neccessarily average in terms of other components. The
main.advanta‘ge of the plot mean 'tree method is that it is‘ much quicker,
reducing the sampling time by a factor depen.dent on the number of trees in the
sam})le plot since only one tree is measured per piot. Thus, the plot mean tree
method was adopt'ed inspite of the fact that it slightly underestimates residue
~ quantity. '

4.1.2 Sampling Intensity:

The number of sample trees required to éstimate mean tree residue weight
at two suitable levels of precision was computed for pure-and mixed stands
(Table 4.2). Sampling intensity .is influenced by stand variébility. Since there
was no information on the variability within the stand the preliminary excercise
using 10-sample plots was undertaken to estimate an appropriate éamble size

determined by the following formula:

N=CV t*

W—
o AY
g

J
A

where N is the sample size, CV, the coefficient of variation i'n percentage, t the
student’s t-value and A the desired levél of precision expressed in terms of
confidence limit as percent of the mean. This preliminary,:axefcicis_e was used
to give a rough guide for the nurhber of tr'ees.to be sampied in both pure and a
mixed stands. -

Two things are shown to have an effect on fhe sampling intensities (Table)
4.2), first the nature of the stand i.e. whether pure or mixed anc{ secondly the
level of precision desired. More samples are required in mixed stand.ithan in a

pure stand. Also the'higher the precision required the ﬁigher number of trees

to be sampled. The cost of sampling trees for the purpose of quantifying total
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Table 4.1 Comparision of mean residue green weight (kg. per tree) obtained

from whole plot and mean plot tree sampling methods.

Residue Plot average Mean plot Calculated t(p=0.05) Level of
type value tree value t value sig.
Stem tops 5.3 5.2 0.078 1.994  n.s
Live branches 46.2 37.4 0.750 1.994 n.s
Total 51.6 42.6 0.727 1.994 n.s

n.s means not significant at 95% level of probab

Table 4.2 Sampling intensities for estimating ind

within 90% and 95% confidence limits

ility

ividual trees* residue

Stand Estimated .nos.

of trees required:

90% CL. - 95% CL.
Mixed Sitka spruce & Scots pine 149 595
Mixed (Sitka spruce only) 55 219
Pure Scots pine 19 76

* Average of all sample plot trees for the mixed
mean basal area tree for Scots pine sample plot

CL Confidence limit
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residue per tree with 95% confidence limit (CL) is about four times that of
sampling with 30% CL regardless of the nature of the stand. Also, in this case,
sampling a mixed stand requires three times more samples than for a pure
stand. ‘ These points were taken into consideration in the main study where
sampling at 90% CL was considered satisfactory since it was carried out in«z;pure
stand of Scots pine. ‘ ) |

4.1.3 Location of Individual Sample Tree:

Three sampling techniques ‘were used in the Scots pine stand to locate
individual trees. namely : system.‘,{\;‘:atic grid line transect, systerﬁﬁﬁ%}atic plot mean
tree and random plot mean tree .(3.3.2). The guantities of tops and branches per
tree estimated by each sam.pling. techniqué are presented in Table 43. These
valu_es were compared by t-test (Table4.4) and there was no statisticall\'\j

cliffevimce ‘
significant;;glbetween them.

In order to determine the qﬁantity of residue per hectare using the three
sampiing techniques, the number of trees per hectare‘ was .computed. For the
systematic_: grid line transect this waé estimated by using the distance between
the sample treé and its third nearest neighbour while for the two plot mean tree
techniques stoc’king was obtained from the number of trees per plot.

The mean total residue per hectare. by the systematic plot mean tree
technique gave the highest value while the lowest value per hectare was given
by>the systematic grid line transect technique (Table 4.5). When the mean
values were compared using the paired t-test there was no statlstlcal)fmrence
between them (Tables 4.5 & 4.6). - |

Since the mean values ‘for these techniques were not sta’;istically significant
they were then eQaIuated using the time factor (which is related‘to cost) as the
only criterion for this purpose. A breakdown of the time taken to select

iddividual sample trees for residue measurement is given in Table 4.7. The total
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Table 4.3 Mean total residue weights per tree, and standard errors

(S.E.) for three sampling techniques used in Scots pine

Sampling No.of trees mrw S.E.

technique sampled (kg.)l (kg.)

SGLT 31 62.5 ‘ 5.63

SPMT 31 65.6 4.59

RPMT 21 64.7 5.18

mrw - mean total residue weight per tree (kg. green weight)
SGLT _ systematic grid line transect

SPMT - systematic plot mean tree

RPMT

random plot mean tree

Tabie 4.4 COmparision of mean total residue weights per tree

obtained by three sampling techniques in Scots pine

Techniques compared actual t value t (p=95%) remarks
SGLT & SPMT . 0.409 . 2.000 n.s.
SGLT & RPMT 0.276 2.011 n.s.
SPMT & RPMT 0.124 2.011 n.s.
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Table 4.5 Gross residue production per hectare estimated by three

sampling techniques in Scots pine at Study Area 2

Sampling technique ‘mrw N GRW
Systematic grid line transect 62.5 666 41.7
Systematic plot mean tree . 65.6 728 47.8
Random plot mean tree 64.7 686 44.9
mrw _ mean total residue weight per tree (kg., green weight)

N _ estimated number of stems per hectare

GRW _ gross residue weight per hectare (tonnes, green weight)

Table 4.6 Comparision of mean total residue per hectare obtained by

three sampling techniques in Scots pine at Study Aarea 2

Rémarks
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Techniques compared Calculated t t (p=95%.)
SGLT SPMT 1.364 2.000 - n.s
SGLT & RDPMT 0.642 - 2.011 n.s
SPMT RPMT 0.607 2.011 n.s
SGLT systematic grid line transect

'~ SPMT systematic plot mean tree
RPMT random plot mean tree



Table 4.7 A breakdown of time taken to select individual sample trees
for residue measurement by three sampling techniques

" Times to the nearest 0 .l minute

Sampling technique Tl T2 T3 T4 TOTAL
Systematic grid line transect 0.8 n.a 1.2 n.a 2.0

Systematic'plot mean tree 0.8 6.2 n.a 5.4 12.5
Random plot mean tree . 2.4 6.2 n.a 5.5 14.0

Tl - average time taken, to locéte either plot ;eﬁtre or grid point.tree
exciuding laying out of the grid which was common to all three techniques

T2 - average time spent to lay out plot and measure dbh of all plot trees

T3 - average time taken to identify and measure the third nearest tree

T4 - average time taken to identify plot mean tree (tree with mean basal area)

51



sampling time ber free was Isast for the syste‘matic grid line transect and

highest for the random plot‘mean tree technique . This is because in the

former, tt;e selectlon ofLsampte tree is predetermined while in the latter three
o, forts

times moreL?ﬁe_ time was spe‘fn"-f%on locating plot centres (T1) using random

coordinates from each grid point.

In order to quantify forest residues the choice of sample trees must bhe
simple, prec‘ise. and economical as the detailed measurement of each tree is
time consumi.ng. Any of the three techniques Osed is adequate, providing
similar levels of precision, but the systematic grid line transect is the cheapest.
In addiﬁon it is relatively easy to abply, for example in difficult sites such as the
mixed stand of Sitka spruce- and Scots ‘pine which could not be penetrated

easily .because it was not brashed. The more difficult the study site is, the

more neccesary it is to simplify working methods.

4.2 RESIDUE QUANTITY
4.2.1 Gross residue production:

In order to present the results the residue produced after clear fellmg is
categorised mto post conversion and post extractlon residues. The tops and
branches, which are the materials usually left after a felled stand has been
converted into appro'priate produce, constitute the post conversion residues.
Materi‘als intended for extraction but left behind and odd pieces that could not
be harvested because of their form (e.g. bent. sections of stem) make up the
post extraction residues.

The'average quantity of post conversion residues per tree was ostained and
used fo.r estimating the'amount produced per hectare (Tables 4.8 and 4.9). ‘In

both species studied, the branches produced over 90% of the post conversion

residues on a clear felled- site, the remainder being the stem tops less than
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Table 4.8 Post conversion residue for Sitka spruce at Study Area 1

(i) green weight and (ii) dry weight

Rt. _ range of total residue weight}average tree values.

Rha._ range of total residue in tonnes per hectare

GRW _ gross residue weight in tonnes per hectare

53

Residue type mrw Rt. Rha. GRW

Tops : (i) 5.32 0.319 1.30 - 13.20 3.38 - [ 34.32 13.84
(ii) 2.02 0.121 0.49 - 5.02. 1.27 - 13.05 5.25

Branches (i) 46.21 4.621 4.29 -186.21 11.54 - 483.60 120.15
(ii) 17.56 1.756 1.63 -'70.76 4.24 - 183.98 45.66

Total (i) 51.50 4,937 5.58 -199.42 14.58 - 518.50 133.97
(ii) 19.58 1.877 2.12 - 75.78 5.54 - 197.03 50.91

- Number of trees per hectare is 2,600
mrw _ mean total residue weight in kg. per tree derived from plot



7 cm in diameter. The range of post conversion residué produéed per tree
shows a clear positive relationship with tree size i.e. as tree size increaseé the
quantity of residue increases (fig. 1). |

The total production of post extraction residue ranges from 1.83 to 9.91 dry
tonnes per hectare for Sitka spruce (Table 4.10) and from 1.13 to 15.66 tonnes
per hectare for Scots pine (Table 4.11). The quantity of converted but
unextracted material is a significant proportion (about 50%) of' the total post
extraction residue in the Sitka spruée but this drops to about 20% in the Scots
pivne. Thé probable reason for the high value of this residue type at Elibank
forest is that extraction of the main produce to roadside is not fully efficient.
This is particularly so- where trees are felled, converted and stacked by one
person (chainsaw operator) and are Iat«;}er extracted by. ahother person
(forwarder operator).

Tables 4.12 and 4.13 relate the different res-idue;to‘the main produce for
both Sitka spruce and Scots pine. In both cases thé percentages of their post
“conversion residue are greater than that of post extraction residue but in
particular, this is higher in Sitka spruce (28%) than in Scots pinle (24%). The
percentage of post—ektraction residue (4%) is several times more in Sitka spruce
than in Scots pine (1.4%). Unextracted main produce constituted 2% ofzhn:'ain
produce in Sitka spruce and 0.4% in Scot_s pine. Given the ovefall p'e;'centage of
residue compéred with harvested main produce, material currently termed as
‘waste’ can no.ionger be ignored as the cost of production particularly labour
-and machiﬁery increases.

Thé converted but unextracted material represents'a‘twofold financial loss to
the forest manager in market value lost and payments made for its felling and
conversion. From obéen)ation in the field, this material was most often covered

by brash with' some parts being partially exposed. The remainder of the post
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extraction residue comprises odd pieces which represents a potential financial
loss if they could be utilised.
An overview of gross production which represents the amount of fibre

material available from the above ‘ground parts of a tree (excluding the main

resteduog

produce) shows that the production of post conversion and post extraction/are

21% and 3% respectively for Sitka spruce; 21% and 1% for Scots pine (Table

.

4.14). This indicates that the gross production of residues depends mainly on

‘the branches and tops (Tables 4.12 & 4.13).

4.2.2 Implications of residue productions:
The quantity and type of residue (type being related to quality as discussed
in section 4.3) varies with ‘»f'ree size (fig.'1). A-s tree size increases, the gross

production and the quality of residues (particularly the live branches) increases

e biggér trees produce a higher- quantity of better quality branches and have

good potential for marketable residue production.

It is important to note that this study deals with both the quantity and type

of forest residue. Both (the quantity and types of residue) have an impact on -

reforestation techniques,_ aesthetics, e*nviro.nmen‘»tal quality (e.g. nutrient
distribution), wildlife habitat, stand management and fire hazard. Variousr forms
of residue provide materials for the development and function of forest soils,
Harvey et ai (1981). Organic matter provides either the environmer_lt or the

energy source for a variety of microorganisms which are central for continued

~site productivity. Of the many organic materialsadded to forest soils during a

@

stand rotation, the woody component is in many respect'the most important

Harvey et al (1981). To protect the productive potential of forest soils,
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a continous supply of organic material must be provided. Substantial increases
in utiliéation intensity, extremely hot wildfire or exces.sive site preparation could
réduce stand productivity particularly on cold or dry sites.

On the other hand, excegsive_ volumes of forest residue can result in
significant maﬁagement problems, creating a fire hazard, inhibiting' wildlife use,
detracting from aesthetic quality, interfering with regeneration:\ and réquiring
costly disppsal treatments. -

Given the above relationships, a measure of residue production is important
in the broad context of forest manaéement. However, the impression given to
the author by woodland manager in the s;udy areas as to why residues are left
behind to decay and decompose is not primarily t_q improve soil fertility but that
they are of uhmarketable size.

. : t be

The gross quantity of residue per unit aljea is Iikely[_greater for ciear;fell‘
logging than for thinning because the former involves a larger number. The
éxpress:ion of gross residﬁe pervun‘it land area is valﬁable fof production
fo'recasting: ecoﬁomic assessment and evaluating residue. management
alternatives such as equipment requirements, for example, and the cost of
handling and transporting residue. This is dealt'withﬁ in chapter six. Overall

residue broduction for both study sites is summarised in Tables 4.14 and 4.15.
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Table 4.9 Post conversion residues for Scots pine at Study Area 2

(i) green weight and (ii) oven dry weight

Residue type mrw S.E . Rt. ' Rha. GRW
Tops (i) 8.24 0.578 1.0 - 28.80 0.68 - 20.10 6.44
(ii) 3.38 0.237 0.41 - 11.89 0.28 - 8.24 2.65

Branches (i) 48.79 2.928 8.08 - 170.89 5.61 - 118.43 33.82
(iiy 29.76 1.786 4.93 - 104.24 3.42 - 72.24 20.28

Total (i) 57.03 '3.506 9.08 - 199.69 6.29 - 138.53 40.28
- 116.13 3.70 - 80.48 . 23.28

(ii)  33.14  2.023 5.34

mrw

Rt.

Rha. _

GRW

_ mean total residue weight in kg. per tree derived from plot

_ range of total residue weight } plot mean tree values.

range of total residue in tonnes per hectare

gross residue weight in tonnes per hectare

stocking per hectare (666 trees per hectare)
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Table 4.10 Post extraction residue for Sitka spruce in

tonnes per

hectare

Residue type

Green weight in tonnes/ha. Dry weight in tonnes/ha.

Mean SE Range Mean SE Range
Unextracted MP 8.79 0.703 3.92-12.08 3.34 0.267 1.49-4.59
0dd pieces - 7.71 0.539 0.89—14.00 2.93 0.205 0.34-5.32

16.5 1.22 4.8-2 6.087 6.27 0.472 1.83-9.91

Total

Table 4.11 Post extraction residue for Scots pine in tonnes per hectare

Residue type Green

weight in tonnes/ha. Dry weight in tonnes/ha.

Mean SE Range Mean SE Range
Unextracted MP - 0.44 0.081 0.26- 0.73 -0.21 0.039 0.12- 0.35
0dad piéces 1.83 0.142 1.85-30.38 0.87 0.068 1.01-15.31
Total ' 2.27 0.223 2.11-31.11 1.08 0.117 1.13 15.66

MP - Main produce
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Table 4.12 Percentage analysis of residue in relation to main produce

harvested from Sitka spruce at Study Area 1

Material Weight as % of merchantable bole i.e. to 7 cm.

minimum top diameter over bark

Weight in dry tonnes/ha. %
Main produce (MP) - ’ 182.0
(1) Post:conversion
Tops ‘ . 5.3 : 3
Branches 45.7 ' 25
‘Total (i) 51.0 ' - 28
(ii)Post extraction
0dd pieces 2.9 \ 2
Unextracted MP ’ 3.3 2
Total (ii) : 6.2 ' -4
Overéll total (i) + (ii) Sf.ﬁ . : 32

60



Table 4.13 Percentage analysis of residue in relation to main produce

harvested from Scots pine at Study Area 2

Material Weight as % of merchantable bole i.e. to 7 cm.

minimum top diameter over bark

Weight in dry tonnes/ha. 3
Main produce (MP) 79.8
(i) Post conversion
Tops , 2.65 3
Branches 20.28 | 25
Total (;) : 22.93 28
(ii) Post extraction
0dd pieces 0.9 . 1
Unextracted MP ° 0.2 N | - 0.4 N
Total (ii) 1.1 ' 1.4
Overall total (i) + (ii) 23.2 | 29.4

61



Table 4.14 Percentage analysis of residue in relation to total

above ground biomass for Sitka spruce & Scots pine

Residue Wt.in tonnes/ha. Total biomass* ]

Sitka spruce

Post conversion 51.0 ) 239.3 21
Post extraction 6.3 239.3 3
Total 57.3 24

Scots pine.

Post conversion 22.1 103.0 ' 21
Post ektraction 1.1 103.0 <1
Total 23.2 22

* Above ground biomass (i.e. produce + residue) in tonnes/ha.

62



Table 4.15 Overall residue production for Sitka spruce (tonnes per hectare)

Residue type GREEN WEIGHT (tonnes/ha.) .DRY WEIGHT (tonnes/ha.)

Mean SE Range Mean SE Range

Post conversion 133.97 12.836 14.51-518.49 50.91 4.878 5.54-197.03
Post extraction 16.5 1.247 4.82- 26.08 6.27 .0.474 1.83- 9.91

Total 150.47 14.083 19.33-544.57 57.18 5.352 7.37-206.94

Table 4.16 Overall residue production for Scots pine (tonnes per hectaré)

Residue type GREEN WEIGHT (tonnes/ha.) DRY WEIGHT (tonnes/ha.)
Mean SE Range : Mean SE Range

Post conversion 40.28 3.5 6.29-138.53 23.28 2.023 5.34-116.13

Post extraction 2.27 0.194 0.62- 8.75 1.08 0.107 0.29- 4.16

Total 42.55 3.694 6.91-147.28 24.36 2.13 5.63-120.29
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4.3 RESIDUE QUALITY

The qualitative assessment of forest residue is necessary for marketing
purposes; there is a general belief that size is the most limiting'factor against
residue/ir(\‘lzln;{g(ginbotkam,1979). The aim of the gualitative assessment was to find
out whether or not the materials left behind are qualitatively different fro_m
those removed for sale, apart from their size.

In this analysis which is restricted to Sco.ts pine in Study Area 2, the
characteristics considered include those that were determined directly -
moisture content, green and basic density and those which were obtained from
from published data - calorific value and fibre length. Each of these are treated
seﬁarately.

4.3.1 Measured physical characteristicé:

There is variation ih the physiéal characteristics within a tree particularly
between the main produce (i.e..the merchantable stem wood) anq‘the residue
types (i.e. tops, live and dead branches) (Table 4.'17).‘ Generally the fresh
moisture content and green density are highest for'stem tops compared with ’
the main produce and branches but the reverse is true for basic density. This is
because of the juvenile nature of the wood beihg formed at the top of trees.
. The fresh moisture content of live branches is twice tha; of dead branches.

The mean values obtained for each of thesé characteristics Were .compvared
. by t-test a_t_}_QS% level of probability (tables 4.18, 4.19 and 4.20). Althbugh the
moisture content of the main produce is higher than that of the live branches,
the difference is not signifiéant whereas the mois;ure contént for stem wood is
significantly diffel_'enf from that of the tops and dead branches (Table 4.18). The
differences in green density between the main produce, tops and live branches_'

are very slight and not significant. It is only the ‘green density’ of the dead
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branches tha_t is lowest due to their low moisture content (Table 4.19).

Since the green density of a tree is affected by its méisture content

' (rege 5)

(Hamilton,1975), the basic density/\is a better indicator of the am;’:ztt of biomass
obtainable from a giver! residue‘*‘type. The values obtained for/basic density of
the main produce andZthe‘different residue types are very close except for the
stem top. This becomes more obvious ’in a t-test which shows a highly
significant difference in mean basic density between main produce and stem top
(Table 4.17). Thus, aithough the stem top is a probable méteriat to be
considered for sale, particularly if the branches are smaller in size than the tops,
it is of lower quality than branches in terms of moisture con‘tent band basic
densny. |
4.3.2 Tracheid length:

The measurement of tracheid length for different types of poﬁt logging
~ residue cled not be made because of time. However many investigations have
been Acarried out on the variation of tracheid length within a tree. This brief
presentation is a sumfnéry of releva.nt parts _df comprehensive reviews on the
subject written by Dinwoodie (1961) and Spurr et al (1954.). ' -

Sanio started the pioneer work on this subject 'and his findings were Iatﬁér
referred to as laws by Bailey and Shepard (1915). These laws formed the basis‘
for subsequent discussion. Of the four laws, two are very relévant to this study |
and these were quoted in the English transilation:

1. "The final size of the _tracheids in the stem increases from the bottom
- towards the top; at a definite height it reaches a maximum and then decreases
towards the crown”

2. "The final size of tracheids in the branches is less than in the stem but

depends upon the latter in that those branches which arise at such a stem



Table 4.17 Physical characteristics of main produce and

residues for Scots pine

Type . Fresh moisture Green density Basic density CF
content (%) (gm./cc.) (gm./cc.)

Main prﬁduce 112 +_ 4.5 0.88 +_ 0.042 10.42 +_0.021 0.48

Stem top 144 +_ 4.3 0.89 +_ 0.024 0.36 +_ 0.009 0.41

Live branches 101 +_ 2.9 0.84 +_0.01s6 0.42 +_ 0.006 0.51

bead branches 50 +_ 6.2 0.66 +_ 0.026 0.44 +- 0.001 | 0.70

mean values +_ standard error (S.E)

CF conversion factor from green weight to dry weight

Table 4.18 Comparision of fresh moisture content of main produce and

residue Scots pine'aﬁ Study Area 2 -

Type compafed' Moisture content (%)
MP _ fesidue t value t(p=95%) bremark
: ]
Produce & top 112 144 4.902 2.038 0.1%
Produce & live branches 112 101 . 1.502 1.974 n.s
Produce & dead branches 112 50 5.600 2.011 0.1%

MP - main produce

n.s not significant at 95% probability level
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Table 4.19 Comparision of green density of main produce

(merchantable stem) and residues from Scots pine

Types compared Actual t*-value t (p=95%) Remarks
Produce & tops 1 0.231 2.038 - n.s.
Produce & live branches 1.052 ‘ 1.974 n.s.
Produce & dead branches 4.722 2.011 1%

* based on mean values in Table 4.14

Table 4.20 Comaparision of basic density of main produce

(merchantable stem) and residues from Scots pinel

Type compared Actual t*-value t(p=95%) Remarks

Produce & tops 2.837 - 2.038 . 1%
Produce & live branches 1.947 1.974 _ n.s.

Produce & dead branches 1.061 i 2.011 n.s.

* based on mean values in Table 4.14
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height that the stem tracheids are larger, themselves. have larger cells than
those branches which arise at a stem height where the cell size is less”.

.The relationship between tracheid length and height can be studied from
two differe'nt perspectives. These correspond with two vertical sequences of
rings in the tree i.e either a singjle ring is followed.upwards or rings at fixed
number from the centrg be traced upwards (Dinwoodie, 1961).

The tracheid length within a growth ring increases upwards for a certain
distance before decreasing progressively to the top of the tree. The average
length at the top of each ring is generally less than those at ground level.

Sanio first put forward this relationship between trgcheid length and the
height of each growth sheath for Scots pine ( Pinus sylvest;‘is L.). According to
him, the position of maximum tracheid length is related to tﬁat part of the trunk
where colour and texture of bark change from being relatively thick' and greyish

brown to a yellowish brown bark. This pattern of tracheid length variation has

been verified by many wo}kers for a wide range of species e.g. Hartig (1892)'

for Picea abies (L.) Karst. ; Bertog (1895) for Abies alba (Mill.) and Picea abies;
Omeis (1895) for Pinus sylv;:str'is; Bailey and Shepard (1915) for Pinus palustris
(Lind. & Gord.) , Pinus strobus (L.) and Abies concolor (Lind. & Gord.) ; and Mork
(1928; Schultze-Dewitz, 1959) aiso for Picea abies. |

A number of workers h‘ave recorded the percentage height at which tracheid
length is maximal in each growth ring. Amoﬁg them is Halender '(1953) who
recorded that in Pinus sylvestris and Picea. abies, the maximum cell length occurs
between 15% and 40% height from the ground.. |

With regard to variation in tracheiq length in different tree components, th_e
few investigations carried out to determine the relative length of cells in
branches and zroots corﬁpared with the trunk showed that fibres frof‘n branches

are shorter than those of the trunk; Sanio (1872), Baranitzky (1901); Hata (1949),

Gleaton & Saydah (1956). : o
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. Sanio ('1872) feund that aithough branch fibres were shorter than the stem
fibres, both increased from the pith outwards and from the base of the branch
outwards for a certain distance. This was confirmed by Baraniteky (1901), who
in addition demonstrated that the average length of fibres on the ubper side of
branches in each annual ring except the first was greater thanZt?1e lower side
where the compression wood was formed.

Since the forest residue is made of up branches and tops, the evidence from
this brief review shows that they are of lower quality.for pulp markets due te-a
shorter fibre length when compared with main produce cut from the stefn.

4.3.3 Calorific value: | |

The calorific values measured in mega.j.oules per kilogram oven dry Weight‘
(MJ/Kg.) accorqing to Olofsson (1975) vary for difiraent p'arts of a tree (Table
4.21). This variation follows:a general pattern regardless of tree species. The
order of increase is from wood to needles (Hakkila,1978). This implies that
calorific values of the forest ar"e- higher than that of the main produce (stem
wood). However, the difference is'not much and probably due -toll"keé‘sin' content
of bark and needles. Calorific values for different parts of a tree dec.:rease‘_;js::} with
increasing moisture content regardless of seecie (Table 4.22).

The invesﬁgation carried out on the moisture content, green and basic
densities of different component parts of a tree indicatesthat these factors also
limit their marketablhty From this qualltatwe assessment it is evident that'
residues with the exception of dry branches possess higher values of moisture
content and lower values of basic density than the main produce. Consideration
of fibre length and calorific values suggests that residues have different
po;ential uses: for example, due to their shorter fibre length branches will not
be able to 'com‘pete with main prod‘ucre for pulpwood whereas for fuei they n:uay‘

be more useful. Whatever the quantity and quality of forest residues,
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information on these aspects will assist in a better allocation of forest

resources.
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Table 4.21 Calorific values for different parts of a tree

Tree part '*Calorific values in MJ.peé KG.
PINES SPRUCE
Stem wood 19.3 18.8
Stem bark 19.8 18.7 .
Branches (excluding foliage) 20.5 19.8
Needles 21.1 20.0

* values at oven dry

Source : Olofsson, 1975
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Table 4.22 Variation in calorific values of different parts-osz%ree

according to their moisture content

-Material Basic Calorific values in MJ/KG at MC (%)
density .
KG./CU.M. 0 20 40 60
PINES
Unbarked stem wood 390 7511 .7274 6876 6680
Whole tree chips 385 7542 7307 6916 6129
Residue chips (excl. needles) 405 8246 7999 7586' 6723
‘Residue chips (ihcl. needles) 395 8113 7872 7470 6628
SPRUCE
Unbarked stem wood 380 7260 7034 6646. 5871
Whole tree chips 400 7676 7432 . 7024 6208
Residue chips (excl.needles) 465 : 916i 8877 8403 7454
Residue chips (incl.needles) 425 8242 8164 7731 6864

Source : Hakkila, 1978 "
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CHAPTER FIVE

PREDICTIVE MODELS FOR RESIDUE PRODUCTION

This chapter examines the use of such varia.bles as the diameter at breast
height (dbh) and the éuantity of the main produce (pwt) for predicting the
quantity of post iogging fofest résidue (i.e. gross quantity of dead and live
branches and tops) per tree. Its main objective is to determine a simple vyet
precise way of developing prediction equations for residue biomass which are:
(i) to be simple to use and
(ii) to be combatible with a system of stand residue predictio‘n.

Two ‘main criteria were considered when ‘evaluating the equations. Firstiy,
the sampling technique used to collect the data which was by systematic grid
line transect (SGLT), systematic plot mean tree (SPMT) and random plot mean
tree (RPMT) as described i-n Section 3.2.2. Secondly, the'predictive’ability of the
indepe'ndeﬁt variables used which were diameter at breast height (dbh), dbh

squared (dsq) and produce weight (pwt).

5.1 CHOICE OF INDEPENDENT VARIABLE

It is well known that tree or stand biomass may be expressed as a simple -
exponential or power function of individual tree or stand mean tree diameter
ManyAstudies on dry matter production were based oh the weight of a tree »(or

trees) of mean dimension mulitiplied by the number of trees per unit area

1y

Biﬁar\/,- 1181y A

%jvington,‘ 1957; .. =" -“‘fﬁsﬁ‘ Orman & Will, 1960; Stanek & State,
1978; and Alemdag, 1979; 1982; Alemdag & Horton, 1981). Most of these
considered the whole tree biomass and in a few cases broadleaf crown biomass

(Atwill, 1966), usually expressed as a function of diameter or diameter and
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height. In this study, prediction of residue was based on tree diameter and in
addition, - the quantity of main produce since both are parameters which
woodland mahagers are used to. %e aim of the study was to derive simple

linear models which do not require sophisticated éompu.tation. :

5.2 REGRESSION ANALYSES

The procedure for the above ground biomass n'-modelling based on regression
analysis was modified for residue prediction. The idea was to work within the

| (Ko, (485

frame work of biomass prediction, using tree‘diametelzand produce weight as
predictor variables since biomass is insensftive to tree height (Crow, 1978:
Green & Grigal, . 1978). However, th.e use of produce weight (which is a function
of density and volume) has automatically included the tree height in the
computation.

Data fdr the residue produced after a cleér fe_ll operation of t‘he Scots pine
stand in Glentress forest were vconverted values to oven dry weight. The

~

‘conversion’ ratios obtained 2.?65 diffe'rént types of post logging residues in
chapter four (Table 4.17’1 we.re used. The total oven‘ dry weight of the tops,
dead and live branches constituted the total residue weight (tfw) expressed-in
kg. per tree. The pl;oduce weight (pwt) was‘ obtained indirectly from the
relationship betwéen green volume and basic density. The total iree“'weight
(ttw) i.e. the above grouhd biomass, is the sum of pwt and trw. Both the ttw
and trw were used as dependent variables and each regressed on dbh; dsq and

pwt in the subsequent regression analyses. These were carried out with the aid

of standard computer packages.
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5.3 GRAPHICAL RELATIONSHIP
The first step in the analysis was a graphical invesfi'gation of the relationship
betweén the dependent and independentb variables. This was carried out by
' plotting scatter diagrams as follows:-
(i) Figure 5.1 ttw vs. dbh (all data)
(ii) Figure 5.2 trw vs? dbh (all data)
(iii) Figure 5.3 trw vs. dbh (SGLT dafa only)
(iv) | Figure 5.4 ttw vs. dsq (all data’) |
(Q) Figure 5.5 frw vs. dsq (all data)
(vi) Figure 5.6 trw vs. dsq (SGLT data)
‘(vii) Figure 5.7 ttw vs. pwt (all data) |
(viii)  Figure 5.8 trw vs. pwt (all data)
(ix)  Figure 5.9 trw vs. pwt (SGLT data only)
(N.B. SGLT data were assesséd separately becausé this sampling technique was
found to be most cost effective (secti’o‘n 4.2)). - Figures 5.1 and 5.4 were plotfed
for comparison with the results of previous work. In terms of pattern and
closeness of points they agree with results obtained by Whittaker & Woodwell
(1968), Bunce (1_9’68). However the scatter diagi'ams; for trw and dbh (Figure 5.2),
trw and dsq (Figure 5.5) and trw and pwt (Figure 5.8), althbugﬁ similar in pattern
and spread with each other show greater scattering than those for ttw and the
_independent variables (Figures 5.1, 5.4 and 5.7).. -Thus, a greater error is likely

when estimating residue weight than total tree weight.

5.4 REGRESSION EQUATIONS FOR ESTIMATING TOTAL RESIDUE WEIGHT
Since the data used for these analyses were éollected by three different
sampling techniques, separate regression analyses \;vere carried out for each

independent variable (dbh, dsqg.and pwt) for each sam‘pling technique.
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There were two reasons for this. Firstly, to find out which sarnpling technique
would pr'oduce the best regression equation from its data._ S.econdvly, to
establish which independent varviables are reliable for predicting residue
production..
(i) Analysis of different san'lpling techniques

Regression equations for all three independent variables using data were
derived from the three »sampling techniques (Equations 1-9, Table 5.1).
Comparision of these equafions according to the -t‘hree_ sampling techniques
esed to collect their data (equations:1-3, 4-6, 6-9) shows th.at no equation is
remarkably better than the others in terms of Standard Error of the _Estimate
(SEE) but there are differences in their R2‘and F ratio, with those based on
systematic grid line transect being pers}istently best of all (Equations 1,4A& 7).
When the calcuiated F ratio is greater than the tabulated, it might imply that the
evidence for the relationship between the dependent variable trw and
independent variable is sprong. However, F.ratio and SEE are dependent on
sa_r_nple size in addition to closeness of points to the ljne. In the random plot
mean tree technique, fewer trees were sampled because of the method of
locating the semple trees (section 3.23.2) which constrained tne selection of
sampling tree to limited area. This constraint thwithstanding, it is likely that
the SGLT will be better than any of the other met'hods used. Since the main
. Objective is to find,out which technique is best for residue predictive)modelling
RZ is a better indicator than either F.ratio or SEE. The use of grid line transect
technique for data collection in residue assessment, apart from being cheap is
also the best of the three techniques considered.
(ii) Analysis of different independent veriables

‘In addition to the above, it was considered desirable to find out which

" variable gave the best prediction model. Equation 4 based on _dbh squared
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Table 5.1 Summary

of regression statistics for residue predictive models

ST _ Sampling Technique 1

2

3

SEE _ standard error of the

R _ coefficient of ﬁultiple correlation
F . _ calculated F.ratio
DF _ degree of freedom.

Levels of significance: *

* %

n.s. not sig. at 5%

systematic plot mean tree

random plot mean tree

estimate of slope

5%

1%

82

EN. ST EQUATION 'SEE R F - DF
1 1 trw= -24 + 262dbh 10.94 0.56 36.99 rl 30 **
2 2 trw= =58 + 403dbh 11.55 0.45 23.64 1 30 **
© 3 3 trw= -18 + 228dbh 11.25 0.11 2.48 1 20 n.s
4 1 trws= 3 + 599dsq 10.99 . 0.57 39.15 1 30 **
5 2 trw= 1l + 845dsqg 11.64 0.44 22.85 1 30 xx
6 3. trw= 10 + 451dsq 11.27 0.11 2.40 1 20 n.s
7 1 trw= 6 + 0.24pwt 10.99 0.56 36.34 1 30 **
8 2 trw= 4 + 0.24pwt. 13.37 0.26 10.28 1 30 *=*
9 3 trw= 27 + 0.05pwt 11.87  0.01  0.27 1 & 20 n.s
)
EN _ Equation number
= systematic grid line transect



gives the overall best values of both R2. When produce weight (pwt) was
considered for equations 1, 4 and 7 (SGLT), the values of their R2 are very
close, but for 2,5 and 8; and 3, 6 aﬁd 9, these values are lowest for equations
based on pwt. The reason for th‘is is uncertain from this study. However, it can
be suggested that the ‘cutting habifgit’ of the chainsaw operator not strictly
adhering to 7 cm minimum diameter might be a cause.

A further analysis was carried out to determine whether the equations for
each independent variable were statistically different from e.ach other or not.
This is necessary first to ascértain if data from the three techniques can be
combined to'form,an overall equation and secondly to see if the data based on
one technique can be used for testiné the reliability ofva model developed from
data collected b{/ another technique. '

A summary of statistical tests for these equations using both thé CHI square
and ANOVA is presented in fable 5.2. The following comparisons were made:
c'omparison béséd on dbh (Equations 1-3), dsq (Equations 4-6) and pwt
| (Equatioﬁs 7;9). There was no statisticalh difference between th!\ese e.quations
hence further analysis above was carried out 'uéing combined-data from all the
three techniques.

- The summary of statistics for this combined data is given in Tabie 5.3.
Equations for trw (10, 12 & 14) were compared with equations for ttw each
regressed on dbh, dsq and pwt (EqL;ations 11,13 & 15). In terms o'bez and SEE,
the use of dsq is marginally superior to both dbh and pwt. But the strength of
the relationships obtained in ttw equations (11, 13 and 15) is greater th;'«zn trw
equations (10, 12 and 14) . This shows that these variables (dbh,'dbhsquared
and pwt) are more strongly related to total above ground biomass than to j'Qst
_the residues. Whén the values of R2 obtained from the residue prediction

equations based on SGLT technique (Table 5.1) are compared
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Table 5.2 Statistical comparision of regression equations based on

dbh,dsq and pwt

Equations Calculated Degrees of Tabulated Remark

compared value freedom value(pQ.OSj

1 -3 (i) ) 0.085 1,2 4.61 n.s
(ii) 1.275 2,80 3.13 ‘n.s

4 -6 (1) 0.018 1,2 4.61 n.s
(ii) 1.002 2,80 3.13 n.s

7 -9 (i) 1.12 1,2 . 4.61 n.s
(ii) 1.5 2,80 3.13 n.s

(i) Bartlett's test for homogeneity of variance (CHISQ)

(ii) Analysis of covariance between regressions.

Table 5.3 Comparision of trw and ttw equations derived from combined data

No. Equation SEE R?  F.Ratio

10 trw= 31.9 + 285dbh. 11.19 0.65 60.38
11 ttw=141.5 + 1302dbh. 21.22 0.81 . 352.24
12 trw= 0.12 + 64ldsq 11.1 0.66 62.69
13 ttw= 1.19 + 2903dsq. 20.92 0.82  305.0

14  trw= 7.52 + o.ézpwt. 12.09 0.58 40.02
15 ttw= 7.52 + 1.22pwt. 12.09° 0.93 1253.36

trw _ total

ttw _ total

residue weight (kg. dry wt.)

tree weight (i.e main produce plus total residue) per tree

84



with those equations based on combined data from the tihree sampling
techniques, these values are greater for the latter (equations 10, 12 & 14, Table
5.3) than for the former (equations 1-9, Tabie 5.1). HoWever the cost of such
‘data coIle.ction (which is three times the sémple size of SGLT data) is triple the
cost of data collection by any of thezmee techniques and can not be
sufficiently justified. Hence, the use of a systematic grid line transect technique
to collect -Iimitéd data (31 cases in this study) is sufficient to develop a
predictive model that ‘will estimate the quantity of total residue per tree based

on dbh squared.

5.5 RELIABILITY TEST FOR THE MODELS:

In order to check how reliable each of these three variables are in the
dévelopment'of a residue prediction model,the *eq(xations developed from SGLT
data (equations 1,4 & 7) were used to predict trw from ‘raw data’ derived from
SGLT sample plots. The actual total residue weight per tree (trwa), predicted
_total residue weight based on dbh of individual tree (pitrw), predicted totél
residue weight based on dsq of individual tree (p2trw) and predicted total
residue weight based on pwt (p3trw) were}compared by analysis of variance
(ANOVA). | |

None of the pfedicted meén values (pitrw, p2trw and p3trw) was shown to
be si‘g'ni.ficantly different from the actual total residue weight, nor from each .
other (Table 5.4). The accuracy of an estimating system is also important; it is
measured by the magnitude of bias. Bias was computed as the average of
differences between actual and predicted values of residue ~weight. f:o'r
th%;:study, bﬁas is expressed as:
~ % Difference=((trwa-ptrw) trv;/a) X 100% where trwa is the average actual total

residue weight per tree and ptrw is the average predicted total residue weight -
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Table 5.4 Comparison of the predicted and actual residue weight, using

model based on different variables (dbh, dsg and pwt)

TRWA P1TRW P2TRW " P3TRW

Mean 34.437 35.764 34.762 35.76

3 * - 3.85 ©0.94 3.84

* ¢ Difference (bias)=TRWA-blTRW X 100

TRWA
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according to the independent. variables (dbh, dsg and th) used in the
equations.

Although no significant difference exists between ﬁwéan values ‘of totai
residue predicted. The bias of the prediqted valuevis least for P2TRW which is
based on dsg (Table 5.4). This might suggest that a model based on dsq
predicts values closest to the actual values hence th.e most reliable independent

variable.

5.6 ESTIMATING RESIDUE PRODUCTION. PER HECTARE
Equation 4 represents the best model for estimating total residue produced
by individual trees i.e. trw= ' 5 + 599dsq
If N is the number of trees per hectare (i.e. stand stocking), total.residﬁe weight
per hectare TRW can be estimated as: . -
TRW=trw x N |
TRW=N x (32 %+599dsq)
In the previous chapter'(Table 4.5), N for systematic grid line transect technique
is 666 trees per hectare and average tirw per tree using dsq (Table 5.4) is 34 kg.
dry weight, then |
TRW=(666 x 34) kg. dry weight per Hectare
=23,150 kg. dry weight per hectare
=23.2 dry tonnes per hectare (cf 23.28 dry tonnes per hectare in
Table 4.9 which is the actual quantity ofb residue).
An increasing amount of time, money and other resources is being devoted to
investigations of forest biomass and to their implication to forést management.
There is an urgent need to test and appraise sampling procedure for a variety
of species and situations, since frequently the ﬁumber of trees that can be.

examined is severely limited and guidance is needed if the most appropriate
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sampling technique is to be used.

From this study, a ‘partial solution has been provided wifh conclusions on
which sampling procedure and' tree parameter should be used to develop a
simple predictive model. The use of SGLT is best compared with SMPT and
RPMT beacuse it is cheapest. The predictor variable that gave the best model
was dbh squared. Altt;ough this model is a local one, it can form a basis for
regional model for residue prediction by enlarging the sampling to cover wiqer

ranges of site differences.
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CHAPTER SIX .

ECONOMIC CONSIDERATION OF RESIDUE POTENTIAL

This chapter begins with a t?ackground description of the various residue
procurement strateg'ies, based mainly on experiénce in Finland. It assesses the
potential costs of residi:e harvesting including procurement and nutrient
replacement in hypothetical situations. the‘ potential benefits of harvesting
residues which include savings in site preparation and silvicultural operations,
as well as revenue from sales.of residues, are also assessed in order to carry
out benefit - cost analysis.. The benefit - cost ratios calculated indicates the
economic feasibility of these strategies in the UK. These ratios are further
subjected to sensitivity analysis in order to test the effect of changes in various

economic factors of production and sale of residues.

6.1 RESIDUE PROCUREMENT

As mentioned earlier (section 2.7), the procurement of forest residues is not
normally practised on a commercial scale in Britain. There is potential f<;r it,
particularly in-forest wood chipping, both as an extensior; to existing harvesting
practice and as an alternative harvesting system. However, there are signs that
the potential of forest residues may at last be realised; Fibroply Ltd. ‘of
Inverness have recently agreed in a contract with Tormore Distilleries to supply
their energy requirements by ufilising brash and tops from local forests, -psing a
Bruks 800 CT chipping unit similar to that illustrated in Figure 6.5 (Forestry &
British Timber,1985). Also, there are other large saw mills and distilleries th‘at
have completed technical and feasibility studies on the use of green chips from

‘the forest partiéularly in England and Wales (Greig, 1985).
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6.1.1 Procurement Options
Three broad options for harvesting forest wood residue were exarﬁined all
of which are currently bemg practised in Finland (Hakkila,1984) and Sweden
(Olsson, 1984) with some currently bemg tried in the UK. :
Residue can be procured by :

(i) Whole tree chipping - This involves 'the chipping of all the above
ground parts of a tree 'including the merchantable parts. Chips produced
~ contain proportionally less baﬁ( than chips from tops and branches.

(i) Conventional harvesting and chipping of slash—- In this case, the
main produce is harvested by traditional logging practices while the post
logging residues, mainly the tops and branches with or without the needles are
>Achipped. Due to the smaller sizés of branches and tops, the chips produced are

likely to be smaller with a greate-r bark»contentT since the bark - woc.)d ratio
increases with decrease in stem size.

(iii) Conventional converé'ion of top and larger branches - This option
is an extension of the curren.t harvés;ing practice where the minimum top
diameter of 7.0 cm. is reduced to 3.0 cm. Any material between 7Vand 3 cm.
:iiameter is crosscut into 1 m or 1.5 m short wood. Inv addition to harvesting of
‘the tops, large branches equal or greater than 3.0lcm. would also be included.
for harvesting. |

Each of these options is achieveable by af least two 's_trategies based on
cﬁipping Ioéation. In-forest chipping can be done at stump or at a roadside
depot (Figureé 6.1 & 6.2). Each chipping strategy can be done with a range of
machinery, i.e. light, medium or heavy chippers made available by recent
technological advancement (Hakkila,1984). However two main categories of

chipping machinery were considered in this chapter. These are light and heavy

machines (M/C) because they serve as the current technoliogical extremes.
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Fig.6.4 Whole tree chipping (in forest) by heavy mac

1984.

* Source Hakkila,
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Thus at the bottom of the chart (Figure 6.7) there are nine harvesting schemes

namely :
1. Whole tree chipping at stump by light chipping machine
2. Whole tree chipping at stump by heavy chipping machine
3. Whole tree chipping at roadside using light chipping machine
4, Whole tree cRipping at roédside using heavy chipping machine
5. Chipping of post logging slash at stump by light chipping machine
6. Chipping of post logging siash at stump by heavy chipping
machine
7. Conventibnal conversion of main produée and chipping of post

logging slash at roadside by light chipping machine

8. Conventidnal conversion of_ main produce and chipping of 'post
logging slash at raodside by heavy chipping machine

9. iConventionall(i.e. chainsaw) harvesting of stem tops and any 'large
bll'anches to 3.0 cm. at stump.

10. CONTROL i.e. No proc‘urement of residue - which is the standard
practice whereby only .the currently merchantable parts of the tree are
harvested by conventional shortwood logging methods to minimum top
diameter of 7.0 cm. while the residues (i.e. tops and branches) are left behind on
the forest floor.

Essentially, seven phases (Table 6.1) can be récognised i.n the residue
procurement obtions and each of the nine procurement schemes contains
between four to six phases. These phases are briefly outlined as follows

1. Felling of trees :This is assumed fo be done by chainsaw and is
appicable to all of the nine alternative schemes irrespective of chipping location.

2. Chipping - This is carried out by either of the two machiﬁery

categories and is applicable to all schemes except number 9 where procurement
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Thus at the bottom of the c_hart (Figure 6.7) there are nine harvesting schemes

namely :
1. '~ Whole trée chipping at stump by light chipping machine
2. WHole tree chipping at stump by heavy chipping machine
3. Whole tree chipping at roadside using light cﬁipping machine
4. Whole tree chipping at roadside using heavy ch‘ipping machine
5. Chipping lof post logging slash at stump by light chipping machine
6. Chipping of post logging slash at stump by heavy chipping
rhachine'
7. Conv.enti.onal convers;on of main .produce and éhipping ofA ‘p,ost

logging slash at roadside by light chipping machine

8. Conventional conversion of main pr_oduce and chipping of post
logging slash at r_aédside by heavy chipping machine .

9. - Conventional (i.é. chainsaw) harvesting of stem tops and any iérge
branches to 3.0 cm. at stump.

. 10 CONTROL i.e. No procurement. of residue - which is the standard

préctice wheréby only the currently merchantable parts of the tree are
harvested by conventional éhort_wood logging methods to minimum tép

diameter of 7.0 cm. while the residues (i.e..tobps and branches) are left behind on

the forest floor.




Table 6.1 Basic operation matrix for residue procurement schemes

Operational phases Alternative harvesting schemes*

1 2 3 4 5 6 7 8 9 10
l. Chainsaw felling X X X X X X X X X X
2, Chipping. X X X X X X X X - -
3. Loading & haulége X X - - X X - - X -
chips/shortwood
to roadside
4. Extraction of whole - - X X - - X X - -
tree to roaéside
5. Supervision X X X X X X X X X X
6. Conversion of - - - - b'e X X X X X
main produce
7. Extraction of = - - - - x  x - - x X

main produce

. to roadside

* Alternative procurement schemes as in text
x applicable

- not applicable
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is carried out as an extension of the current practice and the control.
3. Loading and haulage of chips {or small roundwood 3 - 7 cm.

diameter from scheme 9) to roadside.

4, Extraction of whole tree to roads'ide by tractor skidding
5. Supervision

6. Conversion of main produce (at stump c.)r' roadside)

7. Extraction of main produce to roadside. —

.Eight of the nine procurement schemes involve chipping. The chipping machine
. is likely to be used in number of different situations especi.allv if purchased by
contractors or a large estate. The machine is therefore required to be versatile
in use and economic to operate onv a range of materials. With few trials of
residue procurement in the UK., the basic operation flow diagrams (Appendices
6.14 and 6.15)vwere derived from Finnish Iiteratvure (Hakkila,i984) to cover the
esséntial procurement phases. The standard times for estimating machinery
pevrform'ance in each of the alternative harvesting séhemes were built up by
- synthesising available standard times forv e.ach phase of the operation according

to standard workstudy procedure (Wittering,1977).

6.2 EVALL_JAT!ON OF POTENTIAL COSTS OF RESIDUE HARVESTING

Of the three major threats posed‘ by intensive harvesting (section 2.7), the
biological consequences notably the potential nutrient depletion seem{;;;to be of
greatest concern. In order to give a balanced evaluation of the potential
economic feasibility of producing residues it is necessary td evaluate the
potential nutrient drain, translate this into financial cost, and add this to the
procurement cost.

For. the purpose of this study poteh_tial costs of nutrient depletion and

residue procurement were derived from published works (Ovington,1957; Wright
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and Will, 1958; Miller et al 1980; Hakkila,1984).
6.2.1 Procurement Costs |

Each of the nine possible schemes for procuring forest residue (Figure 6.1)
was evaluated. ‘The economic evaluation involved both machinery and labour

costs; these were assessed for each. scheme with stated assumptions
(Appendices 6.1 - 6.13). This assessment ;s for a hypothetical situation which
assumes a relatively flat land area with easy access for the machinery, aithough
costs are e#pected to be affected by slope.‘ Brief descri;;tions of.the machinery
costed are also given in the appendices: only two machines considered
representative of light and heavy categories respectively were used in
deveioping costs, which were based mainly on current output performance
(Hakkila,1984) together with some equivalent operational elements u;wder British
condition (Forestry Commission,1978). The estimated standard times produced
by this synthesis (Wittering,1977) were used together with the UK. Forestry
 Commission wage rates for different forest skills. Conditions in the two
qountries are not precisely thé same in béth physical and ergonomic terms but
their possible dif'ferences are catered for in the sensitivity analyses found later
in this chapter. -‘

The derived operational costs are surﬁmarised in Table 6.2. There are two
. striking _observations from this' table regarding . the _com.ponent' and total
procurement costs. Both the chipping location (i.e. at ét_ump or at roadside) and
the :type of machinery used influence the component and total costs. It is
generally more costly to produce chips, whether fr(_)m whaole tree or slash, at
roadside than at stqmp. This implies that, except in steep terrain which creates
difficulties for machinery, chipping “at stump should be encourage\d. A-

breakdown of the cost of haulage shows that it is cheaper (Appendices 6.7 &

6.9) to haul chips from stump than to skid or haul whole trees to roadside (or
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Table 6.2 Derived operation costs for residue procurement schemes

Pfocurement Costs in £ per m3
schemes
Labour Machinery Total

L 9.23 1.58 ‘ 10.81
2 3.54 2.42 5.96
3 11.95 3.30  15.25
4 6.21 ~ 3.98 10.19
5 3.98 0.99 4.28
6 1.85 3.77 5.62
7 4.41 1.77 6.18
8 2.25 2.99 5.24
9 9.41 2.84 12.25
10 . 4.49 8.78 . 13.27

10 - Conventional harvesting practice serving as CONTROL
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depot) for chipping. The type of machinery also affects the cost of producing
chips. Considering whole tree chipping, for two broad approaches; whole tree
chipping chipping (schemes 1 - 4) and slash chipping (schemes 5 - 8),
the machinery cost per unit volume is higher for hea\)y machinery than for
light machinery but the total costs are generally higher for light machinery than
for heavy machinery. This is because light machinery is labour intensive; the
‘highejr the machinery costs the lower the labour costs.This is responsibie for
the high ‘cost of procurement (£1589 per ha..) in scheme 3

in order to compare the cost 6f residue procurement 5y the nine harvesting
schemes the cost of whole tree har\}esting (above ground biomass) per hectare
was estimated (Table 6.3). This, 'Iess the cost of harvesting the main produce,
gives the cost of harvesting the residues. The cost of residue harvesting varies
frofn -(£839) per hectaré to £42.9 per hectare, the ﬁegative value simply means
that the coth of whole tree har‘vesting for schemé 2 is less than the cost of
conve'ntionalvlogging i.e. a saving of 58.39 per hecta’fe is estimajt'ed. .
6.2.2 Estimate of Costs of Nutrient Repl.acément
Nutrients replacement | d

~ Sail nutrients are always present in solutions and consist bf macro - and
micro - elemen‘ts. Discussion ‘on soil nutrient depletion usually centres rourid
'the amount .of elemental nitrogen (Nj, phoSphor-'-i:ﬁ_ds (P) ‘and .potgssium (K)
removed. Although other elements such as ma‘gn‘esium,’ cachiu;Jm, copper, iron
and zinc are important, it is the first three (N,P,K) that constitute éssential-
elements. Sources of nutrients include "aerosol input (Miller et al,1980) and .
decomposing litter. | -

Data on the nutrient contribution of different tree parts in Scots pine are

hard to come by and laboratory determination for this study was not possible

due to limited time and resources. Reliance -has had to be made on published
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1. Whole tree chipping at stump by light chipping machine

2. Whole tree chipping at stump by heavy chipping machine

i
| 3. Wﬁole tree chipping at roadside using light chipping machine
4, Whole tree chipping at roadside using hea\)y chipping machine
5. Chipping of post loggingd slash at stump by light chipping machine
6. = Chipping of post logging slash at stump by ‘heavy chlppmg
machine ;
7. Conventlonal' conversion of main produce and chipping of post

: logging slash at roadside by light. chlppmg machme
! 8. Conventional conversion of maln produce and chipping of post
L logging slash at raodside by heavy chipping machine o

|

9. - ,Conventional (i.e. chainsaw) harvestirig of stem tops and any large

A/‘,J” .
br;anches to 3.0 cm. at stump.




Table 6.3 Estimates of residue procurement costs per hectare

Harvesting Procurement cost £02,

scheme
whole tree .COnventional residue
harvesting harvesting harvesting

1 2825 2396 429

2 1557 2396 (839)

3 3985 ‘2396 1589

4 2663 2396 és7

5 2636 ‘ 2396 240

6 . 2712 2396 : 316

7 : ‘ 2743 | 2396 v 347

8 2690 2396 294

‘9 3084 - 2396 668

N.B. ( ) saving instead of cost.
]
Calculation of 'whole tree' harvesting costs
Schemes 1-4: whole tree valueha.=Total procurement cost in Table 6.2

ha.

x whole tree volume
Schemes 5-8: Total procurement costM3 x quantity of residuela.

+ cost of harvesting‘the main produceha.
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data (as mentioned in section 3.2.2) in order to produce an estimate of nutrient
contribution from post logging residues.

Different figures for nutrient contribﬁtion from stem wood, branches and
needles were given by Qvington (1.957), Wright and Will (1958). These Were
examined together with the figures given by Miller et al (1980) on nutrient_los.s
in a Corsican pine stand due to different harvesting policies in the Moray Firth
part of Scotland. Figures given by Ovington for Scots pine could not be used
directly in this study because they generally refer to the forest canopy. Besides,
they were derived from a contrasting ecological area in Thetford forest in south
east Englénd, quite unlike the study érea in Scotland.

From Wright and Will's work (1958) based in Scotiand, conversion factors
were established for different elements from comparable studies on nutrient
contribution from tops, branches and foliage both Scdts and Corsican pines.
The summary of‘ this is contain'ed in Table 6.4. Both species were growing on
the same site and were of the same age.. These coﬁversion factors were used
to estimate the nutrient drain due to‘whole tree harvesting in Scots pine from
the figures given for Corsican pine by Miller et al (1980) - seé Table 6.5 (and
appendix 6.16) |

If it is assumed that the whole nutrient content of branches, tops and foliage
is taken away when they are harvested, it is necessary to consider the cost of
their replacement by applying fertiliser. This viewpoint is taken regardleﬁss of
the fact that other sources such as aerosols contribute to sbil nﬁtrients and that
- different sites have a varying capacity to sustain nutrient requirements and
yield. |

The response of different’ soils to fertiliser appﬁication varies (Fox and
Kamprath, 1971; Malcoim et gl, 1977; Malcolm and Cuttle,1983a; 1983b). In the

case of fertiliser replacing lost nutrient from intensive harvesting, more than the
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Table 6.4 Estimated conversion ratios of nutrient contribution from
Scots and Corsican pines based on Wright & Will (1958)

Weight in Kg.per ha.

Species Age(&rs.) N P K

Scots pine 18 151.2 A 16.6 ) 115.6
Corsican pine 18 80.6 12.0 49.3
~Ra§i0 of SpP/CPp . 1.9 1.4 2.3
Scots pine (SP) 28 224.0 *25.0 . 128.8
Corsican pine (CP) 28 101.9 13.7 79.5
Ratio of SP/CP ' 2.2 1.8 1.6
Average Ratié (approx.) 2.1 1.6 2.0
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Table 6.5 Estimated nutrient loss due to residue harvesting

Species | Elements Yield Class
in Kg./ha. 6 8 10 12 14 16
Corsican pine* N 1.72 2.39. 3.14 | 4.10 5.22 7.03
P 0.17 0.23 0.32 0.39 0.46 0.58
K 1”20 1.71° 2.35 2.63 3.34  3.67
Scots pine+ N | 3.6l  5.02 6.59 8.61  10.96 14.76
P 0.27 0‘37 o 51 0.62 0.74 0.93

K - 2.40 3.42 . 4.50 5.26 6.68 7.34

* Estimated from data based on the works of Miller et al(1979) Appendix 6.

+ Estimates based on convefsion ratio derived from Table 6.4
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actual quantity of nutrient loss would have to be applied because of leaching,

erosion and immobilization of some elements after fertiliser application

(Malcolm & Cuttle,1983a; Anderson,1985). The capability of soil to retain
nutrients from applied fertiliser varies with soil type as ‘the individual soil

nutrient requirement does. It is believed that deep peat in the U.K. represents

an extreme case requiring more fertiliser application especially in the early or

seedling stage of various conifer species i.e. year 0 - 12 (Mclintosh,1981).

" in 't'h'is:_stu'dv it is assumed tha?aftl'eaet ten times‘ the quantity of nutrient
removed by residue harvesting would be required to replace the nutrient loss.
This figure presupposes that nutrient retention of some peat soils is so poor
that only one - tenth of the applied fertiliser is retained and made evailable to
the trees, i.e. it assumes the worst site conditions likely to be found. Accerate
figures for leaching and other losses are not aveilable for this excercise and the

above assumptions will not be valid for good sites. Estimates of nutrient

_requirements in Table 6.6 are computed on this basis to allow cost - benefit

analyses of the harvesting options to be carried out.

Three types of fertiliser are considered for nutrient replacement (Table 6.7),
with their respective available quantities of elemental N,P,K and- their current
costs. These three were chosen because they are popular choices of fertiliser

(Binna, 1635p). :
applied in Britainﬁ Table 6.8 shows how the costs of nutrient replacement are
estimated. In practice, it is unlikely that the qua_ntity of fertiliser required would

increase with increasing Yield Class because the soil nutrient potential is

greater on .better sites.

6.3 POTENTIAL BENEFITS OF RESIDUE HARVESTING
Thé evaluation of benefits according to this study considers both direct and -

indirect financial benefits. This assumes firstly that there is a market for
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Table 6.6 Estimated nutrient requirement (kg./ha:) assuming -a leaching
factor of 10 (i.e. 10% soil fertiliser retentxoﬁ)based on Table 6.5

Element (kg./ha.) Yield Class

6 8 10 12 14 16
N 36.1 50.2 65.9 86.1 109.6 147.6
P 2.7 3.7 5.1 6.2 7.4 9.3
K 24.0 34.2 45.0° 52.6 66.0 ©73.4

Table'6.7 Standard rates and costs of fertiliser application

Fertiliser type Quantity/ha. Element/ha. Cost*/ha. ($)
(kg.) (kg.)

Actual Approximate

Urea 1350 150 of N 76.68 . 77
Rock phosphate 450 : 60 of P 58.21 58
Muriate of potash 200 100 of K 86.87 87

- * Average cost (including fertiliser) for aerial application in

Great Britain, 1985. Forestry Commission (pers. comm.).
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Table 6.8 Costing of nutrient replacement due to residue harvesting.

Element Costing Formula

N N-cost = Nr./150 x Urea cost per ha.
P P-cost = Pr./60 x Rock phosphate cost/ha.
K K-cost = Kr./100 x Potash cost per ha.
NPK NPK-cost = . N-cost + P-cost + K-cost
Nr, Pr, Kr nutrient requirements (kg/ha.) r as estimated in Table 6.6

-fertiliser costs (£/ha.) as estimated in Table 6.7

Table 6.9 Estimated costs per hectare of fertiliser application due to

nutrient replacement in different Yield Classes.

Yield Class N-cost P-cost K-cost NPK-cdsﬁ
6 ©18.53 2.61 20.88 42.02

8 25.77 3.58 | 29.75 59.10

10 33.83 © 4.93 39.15 77.91
12 .7 44.20 5.99 45.76 95.95
14 ' 56.26 7.15 57.42 120.83

16 75.77 . 8.99 63.86 148.62

cost in £ per hé.-
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residue produced (which is currently'at an early stage of development in[U.K) .
and secondly that the potentiél market for residue produced is evéluated with
reference to the ‘fu‘elwood price. .
6.3.1 Direct Financial Benefits

Estimation of .the potential direct financial ben-efits of harvesting and
procuring forest resid’u_e requires a knowledge of the‘quantity available and ivts
market value.) The quantity of available residue will be affected by such factors’
as site quality,harvesting practice and accessibility. Given that the amount of
different types of residue ava_ilai)le per hectare is as shown in Table 6.10, the
potential financial benefit for all residue types is estimated assuming a _fixed
price relative to the market price for fuel wood. This is because none of these
products is in large commercial‘productiOn in the U.K. yet. Hence their prices
are derived hypothetically for t.he.esti'r.nation oflthe mérg'inal be.nefits as follows:
Assumptions:
1. Whole tree chips att‘rat.:t 10% more than the ;:urrent price paid for fuel wood..
The price of fuel wodd is currently £1é per tonne. ‘Thué 1 tonne of whole tree

chips costs £17.60p at the forest gate.

2. Chips from slash (i.e. tops and branches) attract 10% less than the current
price paid for fuel wood. The forest gate price per tonne of slash chips is taken

to be £14.40p

3. Short wood from harvesting scheme 9 (i.e. tops and large branches of any )
length between 1 and 2 m. with a minimum top diameter of 3 cm.) is worth the
same price as fuel w_ood-i.e. £16 per tonne.

Evaluation of financial returns from s’ales of main produce, whole tree and

slash chips can now be carried out as follows:_
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(i) Produce value per hectare (produce from conventional logging)
Harvestable volume of. main produce per hectare (Vp) =205.22 m/2 (Table 6.10)
Average price for main produce (Pa) =£9.63 per m/3 (Table 6.11)
Produce vaiue per hectare (Pha.) =Vp x Pa (1M
=£205.22 x 9.63 per hectare

=£1,977 (approx.)

(ii) Whole tree value per hectare (i.e. the potential value from to whole
tree chipping exéluding stumps and roots).
Quantity of whole tree (Qw) =226.15 tonnes per ha.(Table 6.10)
Potential price of whole tree chips (Pw) =£_17.60 per tonne.
Potential value per hectare of whole tree chips (Pvw)
| =Qw x Pw (2)
=£226.15 x 17.60 per ha.
=£3,980 -
Additional benefit-per ha.due to whole tree chipbing (MBw)
MBw=Pvw - Pv (3)
MBw=(Qw x Pw) - (Vp x Pa) (4)

=£3,980 - §1,977

=£2,003
(iii) Value of slash per hectare .
Quantity of slash per hectare (Qs) =45.56.tc‘mnes (Tabl~e 6.10)
Potential price of slash per tonne (Ps) . =£14.4
Potential value of slash per ha. (Pvs) =Qs x Ps (5)
Additional benefit due to slash chipping (MBs) =Ps x Qs (6)
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=45.56 x 14.4

=£656 per ha.

(iv) Value of tops and large branches per hectare
Quantity of tops and large branches per ha. (Qtb)

=6.64 tonnes (Table 6.10)
Potentiai pri'ce of short wood (assumption3)(Ptb)

=£16.0 per tonne
Potential value of short wood (PVtb) '=Qtb x Ptb (8)
Addiﬁonallv benefit due to harvesting of tops and large branches (MBvt)

=PVtb =Qtb x Ptb  (9)

=£6.64 x 16 per ha.

=£106

The niné harvesting schemes outlined in sectfo-n 6.1 can be summarised into
three main strategies nafnely whole tree‘harvesting by complete chipping;
whole treé harvesting by combined ,convent-ionél hak\{esting of main produce
and conventional chipping of slash; and harvesting without chippi.ng ‘but
including produce down to 3 cm. top diameter. The marginal benefit whic‘h is
bt_he additional benefit per unit of extra volume of residue harvested, is given for
each strategy as sh'ownvin Table 6.12. | |
The extra potential benefit due to residue harvesting depends on the.

harvesting strategies adoptgd to procure the residues. Considering the three
main strategies for harvesting residues (Tabnle 6.12), the extra direct financia!
benefit is greatest for whoIeAtree chipping. However, benefits can not be
adequaiely cohpared exclusive of procurement éosts. A summary of financial
benefit less direct cdst of production provides a bet'ter form_of comparison of

alternative schemes. Table 6.13 provides such a comparison. This shows that
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Table 6.10 Quantity of main produce and residue harvestable per hectare

for Scots pine in Study Area 2.

Type Fresh wt.(tonnes/ha.) Dry wt.(tonnes/ha.) Vol.*

Live branches 32.00 16.33 31.33
Dead branches 6.92 4.85 10.48
Tops = 6.64 2.7 7.55
Total Residue 45.56 . 23.89 56.14
Main produce - 180.59 © 86.19  205.22
Whole tree + . 226.15 | 133.97 ' © 261.36

* green volume in cubic metres per hectare

+ excluding roots and stumps.

‘Table 6.11 Current average price for standing conifer timber from FC. areas.

Average tree size (m/3) Average price m/3 (£) for Great Britain

Up to 0.074 . 3.095
Over 0.424 ' 16.172
Mean 0.249 : 9.634

Source: Timber Grower, April 1985.
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Table 6.12 Analysis of marginal benefits according
to harvesting strategies.

Harvesting strategies Extra benefit Extra vol Marginal benefit
£ per ha. m3 per ha. £ per ha. )
Whole tree chipping 2003 56.00 35.78
Conventional+slash chipping 656 56.00 11.71
Conventional harvestin down 106 ' 7.55 13.25

to 3 cm., top diameter

_ benefits in £ per ha. or * per cu.m.

vol. in cubic metre per ha.
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scheme 2 is the most cost efféctive and hence the most economical. The
negative cost implies there is a saving of £839 if whole tree chipping by heavy
chipper is used. On the other hand, it is not economical to harvest residue by
schem_e 9 because it is labour intensive. The potential extra benefit is a
negativé value (-£582) meaning th;at it is less economical than the conventionai
harvesting.

. The cost - benefit analysis which follows' the next section considers one
other scheme (with the second loweét procurement cost - Table 6.3) namely
scheme 5. This is the conventional harvesting of the main crop and‘ chipping of ~
slash at stump by light chipper. This could be easily acceptable because it
does not conflict with the traditional method of harvesting the merchanfable
volume.

6.3.2 Indirect Finanéial Benefit . S . _ >
The piles of branches, tops and odd pieces increase the cost of site
preparation depending on the amount of residue left on site. If residues are
harvested, it has been found to‘reduce the costs of site preparation i.e.
operations such as ground preparation, ploughing, planting and beating up.
Estimates of these potential savings have been worked out by the Forestry
Commissioﬁ, the results being summarised in. Table 6.14 (Greig,1985).. From the
preserit de‘liberati_on between the Forestry Commission and prospective buvyers
of forest residues the offer made by the latter is in the range of £25 to £30 per .

hectare for whatever quantity of residue removed (Greig,1985).

6.4 BENEFIT AND COST ANALYSIS .

Y

An overall cost-benefit analysis is made, to include all. the known costs and
benefits of harvesting residues. Known costs include those due to nutrient

depletion and procurement while benefits are both direct and indirect (6.3).
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1. Whole tree chipping at stump by llght chlppmg machine

_ 2. Whole tree chipping at stump by heavy chipping machine
3. Whole tree chipping at rbadside 'usin'g light chipping machine
4. ‘Whole tree chipping at roadside using heavy chipp'ing machine
. 5. Chipping of post logging slash at stump by light chipping machine
6. Chipping of post logging élash at stump by heavy chipping
machine . |
7. Conventional qonversfon of main prod.uce and chipping of post

logging slash at roadside by light chipping machine
8. Conventional conversion of main produce and chipping of post
Iogglng slash at raodside by heavy chipping machine

o

9. .- Conventional (|e chainsaw) harvesting of stem tops and any large

branches to 3.0 cm. at stump.




Table 6.13 Analysis of marginal benefit for each to harvesting schemes.

Harvesting BExtra B Extra C. Margin Residue Vol. Marginal B
scheme £/ha.l £/ha. £/ha. m3/ha.? g/m
1 2003 ; 429 1574 56.00 28.1
2 2003 (839) 2842 56.00 . sL.l
3 2003 1589 414 . 56.00 : 7.4
& 2003 267 1736 - 56.00 31.0
5 656 240 416 56.0 7.4
6 656 316 340 56.00 6.1
7 _ 656 347 | 309 ©56.00 5.5
8 656 294 362 56.00 6.5
9 | 106 688 : (582) - 7.55 : (13.3)
1 rable 6.3
2 Table 6.10
B benefit -
C cost

-

) negative values from Table 6.3

o~

114



Table 6.14 Estimated savings in site preparation and establishment.

Savings ° £/ha.

Ground preparation excluding ploughing 33
Ploughing ‘ 7
Planting o 50
Beating up ' 50

Total ' 140

Source:Greig (1985)

Table 6.15 Benefit and cost analysis of residue procurement undertaken

by contractor for different Yield Classes of Scots pine.

Yield Class Benefit(B) £/ha. Costs* (C) £/ha. B/C ratio
6 165 » 42 3.93
8 165 59 2.80
10 ) 165 | 78 212
12 . 165 % 1.7
14 165 121 1.36
16 165 | 149 1.11

* Cost of NPK fertilisers from Table 6.9
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This section addresses itself to evaluating the overall economic feasibility of
residue potential. This is approached in two ways. Fi.rstly,~ the residue
.harvesting is undertaken by contractor or an organised buyer other thén forest
owners themselves. In this case residue is priced on area basis. Thus, the
price per hectare is between £20 to £30 regardiess of the quantity of material
removed. The second approach involves a situation whereby the forest owner,
whether private or public, directly undertakes procurement of residue . This
involves a direct sale of residue at the forest gate. Each of these two
approaches is subjected to evaluation for differen_t Yield Classes by assessing
their economic ‘implications as follows: |
6.4.1 Residue Procurement by Contract

The concern here is not the benefit to the contractor but to the forest
manager selling the~residues. The only known cost (estimated) involved in this
case is that likely to be‘ incurred by the forest manager in replacing the
nutrients removed as a result of residue harvesting. At present, other costs due
to soil compaction and possibl‘y- hydrological effects can be ignored because
they are not‘ taken into consideration for conventional mechanised harvesting.
Secondly, they are difficult to quantify, requiring long term studies of the effects
of wholé, tree h_arvesting on both the physical and hydrological aspects of the
site. The cost due to nutrient replacemevnt differs for different Yield Classes
(YC). VThe higher the site nutrient potential the higher the quantity of tre.sidue
removed, thus the higher is the nutrient drain due to nutrient removal.
Although the soils of sites with a higher Yield Class may have greater nutrient
resources and the potential to maintain present rates of tree growth, this
hypothetical assessment simply considers the réplacement of nutrient drain.

Since under the current arrangements prospective buyers pay on area basis,

it is perfectly in order to assume constant financial benefit per hectare. Thus |,
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while the benefit per hectare under this approach remains constant (i.e..savings
in ground preparation and subsquent silvicultural operation; and revenue per
hectare), the cost of replacing nutrient losses increases with the Yield Class
(YC) as shown in Table 6.15. Given the assumptions stéted, the potential for
residue procurement is economically viable since the benefit - cost ratios are
all greater than unity. However, there is a decreasing trend of benefit _ cost
ratio with increasing Yield Class, indicating that the economic feasibility
becomes marginal at YC 16. In theory, this im‘plies that‘ in Qrder to compensate
for nutrient depletion as a result of residue hérvesting, the management pays a
little less than overall potentia‘l benefits. However in practice a YC 16 site has a
better‘nutrient support for the crop than in lower YC site. A better tesf of the
potential ecOnomiélfeasibilty (considering several uncertainties) is given in the
latter part of this chapter (6.4.3).
'6.4.2 Residue Procufement by Forest Owners

In this approach, with the procurement of forest residues undertaken as an
extension of harvesting by the forest owner, the costs and beﬁefits involved are
slightly different. Costs inclﬁ‘de a hypothetically constant procurement cost, buf
because 6f the varying cost of fertiliser application the total increases with YC
(Table 6.16). Table 6.17 shows a negatfve cost of procurement by w.hoie tree
chipping ‘(hea\(y chipper at stump). Sinc'e_ this is cheaper than conventional
harvesting, and there is still a substantial net benefit after subtracting theAcost
of nutrient replacement. If a market exists for whole tree chips it is potentially
more profitable harvesting the timber in this form than as round wood for the
pulp markéts. However, fdr quality reasons, pulp manufacturers prefer
tradftional pulpwood to chips from whole tree>chipping becayse it is technically

easier to process pulp wood than to process chips with bark.
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Analysis of costs and benefits of residue harvesting was carried out on slash
chipping at stump. A production venture is considered economically feasible if -
the benefit - cost ratio is edual to or greater than unity (Gitinger,1983). The
results (Table 6.1_8) for different YC indicate the potential economic feasibility of ‘
residue procurement. The benefit -~ cost ratio decreases with increasing YC but
not so steeply as when residue procurement is undertaken by contractor (Table
6.15). ‘

6.4.3 Sensitivity Analysis of Residue Procurement

In any hypothetical economic analysis of this type incorporating a number of
assﬁumptions, there is a' need to check what happens if theée aséumptions do
not hold. The >appliéation of sensitivity analysis (Gittinger,1982; Alan,1981)
.involves testing how sensitive the estimated economic feasibilities are. to
possible changes in benefit-cost>assumptions. it is‘ a means  of draWing
attention to the central reality of investment analysis since projections Vand
expectations are inevitably.' subject to a high. degree of uncertainty. ‘In this
section, the application of sensitivity analysis aims to cater for th'e range of
conditions described in the following eight assumpjtidns the first four relate to

;

contractor purchase and the second set of four relate to forest owner:.

ASSUMPTIONS:
1. Benefit is 15% less than estimated: e.g the forest owner decides to give
away the residue free of charge to the contractor. In this case total benefits

are only the savings in site preparation (estimated at £140 per hectare).

Il. Marginal increase in benefits, assuming that the price paid for residue is
' qQ
increased by £25 to £30 per hectare. Such an increase might be due to/better
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Table 6.16 Estimates of total cost of slash chipping at stump by

light chipper including cost of nutrient replacement

Yield Class Fertliser (NPK) 1 Procurement 2. Total

6 42 240 282 .
8 59 240 299
10 C g : 240 . 318
12 96 240 | ’ | 336
14 121 240 361
16 149 240 189

1, Derived from Table 6.9

2. Derived from Table 6.3
All costs in £ per ha.

v

Table 6.17 Total proéurement cost of whole tree chipping at
stump ,including cost of nutrient replacement.

Yield Class Fertiliser (NPK) 1. Procurement 2. Total
6 ’ 42 ' (839) - (797)
8 : 59 (839) | (780)
10 78 (839) » (761)
12 - 96 (839) . (743)
14 121 ' (839) (718)
16 149 ' (839) (690)

1. Derived from Table 6.9
2. Derived from Table 6.3
(. ' ) negative value of costs implying savings.
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i

bargain between/\residue producer and user or to an increase in demand for
‘residue due to technological awareness of residue uses. Thus, the gross benefit

is benefit is £170 per hectare.

Ill. Benefits from savings in site preparation and silvicultural operation are
reduced by 25% (i.e. from £140 to £105) but the price paid for hectare remained

the same. Gross benefit per hectare is £130 (21% less than £165).

IV. Assuming the required fertiliser costs 50% more than estimated in
extremely bad sites e.g. deep peat, the cost of nutrient replacement will be

.increased.

V. A 30% increase in machinery operating costs whiéh might be due to any of
the following possibilities: (a) rise in total machinerylc?g)sfall in machine output
level due to its inability to perform at the sam'ellevel as in Finland Where it ;\as’
been on a large scale use, or lack experience and skill by its driver. (c) changes

in foreign exchange rate (e.g. weakness g;o'r

4,

—

strength of Sterling) which
increases capital cost. Thus the estimated operating cost rises.frbm £0.99 per
m3 in Table 6.2 to £1.4'9.per m3. This directly increases the corresponding .
harvesting cost for the above ground volume fromA£'4-.28 per m3 to £4.%8 pel;

m3 and the residue harvesting cost per hectare (Table 6.3) from £240 to £268.

VI. A 30% fall in the price paid for each slash chips per tonne (i.'e.v from £14.4 to
£10.8 per tonne at forest gaté). This.will‘reduce the extra revenue on sales

from £656 per hectare to £459 per hectare.

VIl. A 40% increase in fertiliser requirement for each Yield Class will result in
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Table 6.18 Benefit-cost analysis of slash chipping at stump by light chipper.

Yield Class Benefits (B) £/ha. Costs (C) £/ha. B/C Ratio

6 796 282 : 2.82

8 796 299 2.66
10 796 317 2.51
12 796 335 2.38
14 796 360 2.21
16 796 388 2.05

* BEstimated benefits due to residue harvesting by forest owners:
Extra revenue from residue sales (6.2.1) =£656 per ha.

Savings in site preparatidn & silvicultural operation (6.3.1)
=£140 per ha.

Overall benefits (slash chipping) =£796 per ha.

N

Table 6.19 Sensitivity analysis of economic potential
of residue procurement for scheme 5 by contractor.
B/C Ratios for range of assumptions I to [

<.

Yield.Class Standard I II II1 - ‘ Iv
6 3.93 3.53 4.05 - 3.09 1.96
8 2.80 | 2.37 ~ 2.88 2.20 1.39
10 2.12 1.79 2.18 1.67 1.06
12 1.72 | 1.46 1.77 1.35 0.86
14 1.36 1.16 1.42 1.05 0.68
16 } 1.11 0.94 . 1.14 0.57 0.55
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< acorresponding increase in cost of nutrient replacement due to residue

harvesting

Vill. A drop of 50% in the estimated savings from both the site preparation and
silvicultural . operations (i.e. from £140 per hectare to £70 per hectare). This
brings down the total potential benefit by 9% from £796 to £726 while the
overall cost remains thé same. |

First to be considered is a situation where aﬁ outside body such és a
contractor undertakes the residue procurement and secondly w.here
procurement is by the forest owner. The benefit - cost ratios obtained by
making hypothetical changes in factors of production and procurement are
detailed in Tables 6.19 and 6.20 respectively. A consideration of the two
approaches shows that the economic feasibility is sensitive to a number of
changes in costs and benefit.

In the first approach (residue prqcured by contractors who pay by area
rather than quantity harvested) the econorﬁic potential becomes criticaliy
éensitiv_e especially in the higher Yield Classes. Where the benefit-cost ratio is
" less than unity the procurement of residue is not economically profitable‘ to the
forest owner. This is particularly true of assumption IV which implies that the
“economic potential for residue is sensi.t_ive-,to madjor changes in nutrient
replacement especially .on sites where large amount of fe&iliser will be needed
to compensate for nutrient depletion. Under those conditions residue
harvesting is economically disadvantageous to forest oWners. Thus, such
arrangements (which afe currently being éonsidered by Forestry Commissién -
Gréig, 1985) are likely to be economically detrimental especially in sites with
high yield. It is more profitable for the forest owner to bargain on a quantity

basis, or even allow the residue to replace soil nutrients than to harvest them
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for procurement on a area basis.

In the second approach, which involves the forest owner offering residues
for sale the benefit-cost ratio also shows a progressive decrease with Yield
Class (Table 6.20). Despite this, it is apparent that within the stated conditioﬁs
V to VIli, residue procurement by forest owners is economically feasible even if
its price falls 30% below the current value for fuel wood.

These anaiyseS’have- to some extent shown that the potential of forest
residues can be realised if the markets develop. Care must be taken byfr’"ésidue
procuring body on the choice of harvesting stra_tegy and machinery as these
_influence procu?ement costs substantiaily, and consequently affect the benefit -
cost ratios. Regardless of the procurement management {whether by contractor-
or forest owner), the potential economic viability of the exercise decreases in
theory with increasing site potential (i.e.‘higher YC). It is reasonable to assume
this particularly in costing site nutrieﬁﬁ}wdepletion due to reéidue harvesting
until Q further work is dqne on the ability of the site to regain more nutrients
from Lboth its decomposing materials and aerosol. H'owever, it is more critical
under contrac;or than under forest owner, when both cases were subjected to
sensitivity analysis (Tables 6.19 and 6.20). Forest residues occur because they
can not be handled economically, so there is a need 'to reduce their costs of
harvesting in Qrder to utilise them. Residue Brocurement costs are influenced .
by size of the material, skidding distance, haulage distance, chi'pping !bcation,
slope of the site and species. The most important of these factors is likely to

be the size of residue pieces but the effects of each need further investigation

SO as to decide on residue optimisation.
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Table 6.20 Sensitivity analysis of economic potential of residue

procurement by forest estate owners

. B/C Ratio for a range of assumptions

Yield Clais Standard v _VI VII VIII
6 2.82 2.57 2.12 2.66 2.57
8 2.66 2.48 2.00 2.46 2.43
10 2.51 2.30 1.89 2.28 2.29
12 2.38 2.19 1.79 2.13 2.17
14 2.2i 2.05 1.66 1.95 2.01
16 2.05 1.91 1.54° 1.77 1.87
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CHAPTER SEVEN

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This chapter presents a summary of this study 6ccording to each of
the objectives. The techniques used to achieve each of the objectives as
well as the main resuits are briefly discussed and recommendations for

.

further studies are suggested.

7.1 QUANTITATIVE AND QUALITATIVE ASSESSMENT OF FOREST RESIDUE

The first objective was to assess both the quantity. and quality of
poét logging clear felling residues using a particu}la‘r site and crop as a
case study. This is considered as an important step towards’a ‘better, i.e.
more economic, allocation of the forest residue resource which until now
has recieved little attention or economic analysis. The assessment
started with a pilot study to determine éppropriate methodology foilowed
by a main study at Elibank and Glentress forests respectively. The main
study involved thé use of three sampling/procedures utilising systematic
plot mean tree, systematic grid line tree and random plot trees. Each
was used to estimate the quantity of residue per hectare, differing only
in the way the sample trees were chosen.

Qualitative assessment included the sorting of forest residue into
types i.e. post-conversion residu‘e (which'incl_udes tops and branches)
and post extraction residue which consisted of unharvested main
produce énd odd pieces. Laboratory invéstigations were conducted on
4t.he green dens;ity, basic density and moisture content of these residue
types and their values compared with those of main produce harvested.

Reference was made to published information on both calorific value and
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fibre length in different parts of a tree.

In the pilot study on Sitka spruce, the quantity of residue produced
per hectare averaged 57.2 dry tonnes which is 32% of the main produce
harvested (Table 4.12) and 24% of the above ground biomass (Table
4.14). These consisted of post conversion res_idues (28% of main
produce)- 21%- of total above ground biomass) and post extraction
'residues which is (4% and 3% of main produce and total above ground
biorr;ass respectively). It was observed on the field that the losses were
largely caused by the excessive quant.ity of branches due to the
no-thinning regime. Although other factors could also account for this
A(suc;h as the experience and skill of both ’;he chain saw operator and the
tractor driver) the quantity of the unextracted material from unthinned
sprt;ce should be a matter of concern for forest management.

For the Scots pine stand of yield class 8 at Glentress forest the
quantity of logging residue averaged 24 dry tonnes» per hectare which is
28% of the main produce haryested (Table 4.12) and 21% of the above
tbtal jbiomass (Table 4.13). Of this amount 27% ‘is post conversion while
1% is post extraction residue. The study further revealed that the post
conversion residue consisted of 87"/_0 branches and 13% tops and the
post extraction residue (8% of material gfeater than 7cm top diameter)
cqmprised of 47% odd pieces and 53% unextracted main produce. ‘The
unextracted main produce again represe'nted 4% of the fotal main
produce cut.

Of greatest concern is the quantity of main produce being left
unextracted. This represents two financial losses to the managerﬁent

which are the procurement cost and the potential revenue foregone.
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Qualitative assessment was.cérried- out on residue materials from the
pine site and revealed that the moisture content of tops is higher than
-that of live branches, and least for dead branches. When compared: with
ihe moisture content oflr’z::in produce the values for tops and dead
branches are significantly different. As for green density, there are no
significant differences between the values for main produc»e and residues
(except for the dead branches which haveZl'ower value due to their lower
moisture content). Basic density, which is a better indicator of biomass,
varies for the different resid;.ue types being least for tops. Although the
stem tops may be mbre: marketable than small branches they are of

' lowér quality in terms of moisture content and basic density.

Literature surveys regarding tracheid length and calorific value
revealed that the tracheid lengths of both tops and branches, QR shorter
than for the older (i.e. matured) coﬁventional produce. The differences in
calorific value of different parts of trees are very slight. Wood with bark
has a higher value probably due to extraneous substances present in the
bark. Calorific value is inversely rélated to moisture content. |

When consideArin‘g the allocation o‘f forest . residue resources to
different markets price has generally been accepted as the major

. controlling factor, and this is largely determined by piece size and overall
quantity. This study has shown that in addition to size some quality '
parameters such as moisture content, density, fibre length and calorific
valué can influenée residue utilisation. For example, the increased bark

to wood ratio of tops and branches debars the use of this material for

pulp and favours its allocation in the energy market.
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7.2 DEVELOPMENT OF' PREDICTIVE MODEL

The second objective of the study was the development and testing
of local predictive models for residue yield. This was achieved using
regression analysis to develop simple linear models for predicting
residue quantity based on either tree diameter at breast height (dbh), dbh
squared (dsg) or main produce weight harvested (pwt) as independ_ent
variables. Three sampling prdcedures were used and tests were carried
out by comparing predicted and actual values to determine which
predictor variable and sampling procedure produced the bestlmodel in
Vterms of pre‘cision bias and cost.

Results obtained from» these shows tha:t any of the independent

variables (dbh, dsq, or pwt) could satisfactorily predict the quantity of

post conversion residues. ;* \ The transfof'med function (dsq) was '
found to be a marginally. more precise prediptor variable than dbh or pwt.
With regard to the selection of sampie trees a -sysfe'matic grid line
transect has advarﬁages’ over the other sampling procedures' employed.
Apart from its cheabness and simplicity, it also producéd models with
least standard ‘errorsand relaEver high coefficient of determination.

This study has shown that local stand predictive models for residue
prediction on clearfell sites can be developed based on as few as thirty |
trees chosen by a s;/stematic grid line transect technique. This could
form the basis for wider forest or regionél models which would take into
accoﬁnt differences in site potential and crop type. This would enable

managers to be aware of the quantity of what is currently regarded as

‘waste’ and to decide on its market potential.
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7.3 ECONOMICS OF FOREST RESIDUE POTENTIAL

The third objective of this study was the economic 'assessment of
residue production. This was carried out on a hypothetical framework
because the material under discussion (fu‘g;ys not vyet be_,-‘{ryproduced on a
commercial scale in the UK. This section is subdivided into three parts,
namely the evaluation of three harvesting options, the estimation of
revenue under two management approaches, and the economic analysis
of residue procurement. Data obtained in the field on residue quantity
were used along with other relevant data derived from the literature. For
example, procurement costs were based on synthesised standard times
derived from Finnish data and UK Forestry Corﬁmission work;tudy
practice. The economic analysis necessitated some assumptions on
potential residué value, and econbmics of residue procurement and
indirect costs and benefits such as ecological implications.

Three broad options for harvesting forest residue considered are
whole tree chipping; conventional harvestiﬁg plus chipping of slash; and
conventional harvesting plus partial conversion of tops and larger
branches. Strategies for achieving these options are based on both
chipping location (at stump or roadside) and machinery type (light or
heavy). It was'shown that the seéond option i.e. conventional conversion
plus chipping of slash at stump using light chipping machinery is both
cost effective and likely to be accepted( as a less risky modification to
the existing harvesting con\)ention. Howevek, the most cost effective
scheme is whole tree chipping at‘stump by heavyv chipper but this is

unlikely to be practicable unless a substantial continuing market deveiops

for whole tree chips.
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The ecological implication of intensive residue harvesting which is of
greatest concern to forest_resource management is the nutrient drain
from forest sites. Estimates of potential nutrient depletion in this study
show that aithough the Iess is substantial (and varies with site potential)
it does not seem to be too serious when translated into financial terms.
Si‘nce the figures used in costing are only estimates, this finding should
be reviewed as real costs become available. However, this study
suggests that the consequences of harvesting forest residues may not be
as ecologically and economicallylgloomy as some people would have us
‘believe. | | | »

| Two approaches to the management of residue procurement were
considered, i.e. forest owner and contractor working. Benefit - cost
analysis of residue procurement on different sites favoured procurement
by forest owners rather ‘than by contractors. » Howeuer, if contract
harvesting is necessary, negotiations based on the quantity rather than
area is likely to be more profitable.

Sensitivity analysis carried out for the economic potential of residue
harvesting under the two procurement managements showed that the

viability of the exercise becomes critical at higher Yield Classzs'but' this

critical condition was worse in %gntract situation than ianorest owner’s,
At both critical situations it is/forest owner who has to bear the cost of
nutrient replacement, this presupposes that sites with high yield potential
are not capabte of recoveriné from such nutrient drain.

Before concluding this economic assessment it is instructive to
compare this study with that conducted by Albanis (1978) on mill residue.

His sur\)ey showed that 85% of mill residues from home grown sawmills

in England and Wales are being soid, two-thirds going to chipmills,
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pulpmiils, contractors and others. By compari-son,Amarket for forest

residues is not yet developed on a large scale. Secondly, the unsold
quahtity of> residues (representing about 16% in 1978) is dumped or
burnt. This implies that disposal of miil residues is compulsory and
requires épecial equipment which involi/es coét. Age;in by comparison,
the forest residue can be left to rot down except where it is exc.éssive
and impedés further silvicultural operationg from taking place. The
marketability of mill residue is due to its prO\)en quality although there is
Por i imdor

still preferenpe by purchasers forLspecies and residue types . Finally, the
disposal of mill residue does ndt pose any threat to the sawmilling
industry, unlike the forest residues which has some écolbgicai
implications apart froml its limitation. s |
7.4 RE.COMMENDATIONS FOR FURTHER STUDY

The limited resources available for this s;udy have hiéhlighted the
following recommendations for further study:
1. Detailed quantitative and qualitative ‘investigation of residue
production as related to site, species, silvicultu-re, management regime
and harvesting technique.
2. Developmént of regional p;edictiye models that accomodate different
species, sites, and management methods.
3. Research into the ecological and ecom;omic imblications of residue
harvesting on varibus species and site combinations. This would t‘ake
into account different nutrient re‘}ui\éments andvdeéomposition processes
at each site in ofdér to estimate the financial implications.
4. Research on the marketing of forest residues, with particular attention

paid to the energy market and studies that emphasise competition with
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other types of energy . Two aspects of this research should be the -
contribution of bio-energy from forest residues to economically
depressed areas in the U.K. and the export of such technology to other

parts of the world.

7.5 GENERAL CONCLUSIONS
Even though this study has not .fully exhausted the issues associated
with the potential of residues and their allecation to appropriate markets,
it has highlighte_,:d the awa‘re'neSS'of their resource potential in the light
of .current tee‘hnelogical development. Thus, the following can be
concluded from this study:
1. A simple and suitadly precise technique for assessing the quantity of
forest residue basedaarsystematic sampling can be adopted to suit a
particular working site. A Systematic grid line transect technique has
been ‘found to be the cheapest, simplest yet most brecise sampling
procedure, compared with both random plot'mean tree and systematic
plot mean tree techniques.
2. Large amoungof material which if harvested could possibly aileviate
the problem of global wood shortage are beihg left on forest floors as
underutilised resources.This study revealed an average residue weight- of
57.2 and 24.4 dry tonnes .per hectare for clear-felled sta'nds of Sitka
spruce (unthinned) and Scots pine respectiv'ely. in both cases over 90%
".[fhese residues are branches, the rest being tops, odd pieces and
unextracted produce.
3. The quantity of branches and tops left after felling and and extraction
can be predicted using dbh, dsq.(diameter sduared) or produce weight

{pwt). However, deq is marginally the best predictor of residue quantity

»

132



out of the three, for a local predictive mode! using the grid Iiné transect
sampling technique.
4: Qualitative properties of these residgés which rﬁake them less
desirabie for industrjal uses such as pulp'and board manufacturing are
not restricted to piece size. Apart from‘si-ze,their. quality in terms of
moisture éontent,w and density is generally boorer than that of main
produce. The tracheid length of tops and branches is éhorter than that
g of wisedd witionk bl i \swr o

of merchantable boles while icalorific value}\wood with bark.
5. There are several options for harvesting residue depending 6n
machinery an'd'procurement locatioﬁ (either roadside or stump). .The
Ibighter the machinery the more iabour'intensive’ it becomes and the
‘ costlier the whole operation. It was found

that chipping at stump _by a light chipping machine and haulage of chips
to roadside is cheaper than chipping with the same machine at roadside.
In view of the current .opposition to intensive harvesting, convéntional
harvesting plus chipping of slash could be an acceptable compromise
between non-harvesting of residue and intensive harvesting.

6. The economic implicatioh' of res‘ic‘iue procurement from the
'hypotheti.cal situations c;onsidered indicated more benefits than losses.
Agaihst the cosis of nutrient deplétion and subséquent replacement can -
be set the potehtial double benefits of savings in-resfocking costs and
direct revenue from residue sales. The magnitude of these benefits
depends on the type of procurement; it is mdre profitable for forest
owners to procure residue by themselves, assuming there are markets,
than to engage contractors, exc.ept where the terms of bargaining is on
- quantity rather than an area basis.

7. Sensitivity analysis relating to each of the factors mentioned in
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section 6.4.3 has shown that the residue procurement is ;/iable,lwith
benéfit - cost ratios generally greater than 1. However, residue
procurement by contract is sensitive to'increased cost§ 6f fertiliser
application, and may become unprofitable to ‘forest owner who have to
pay for nutrient replacement,

Salvéging forest wood residue has more promising potential in both
financial and ecological terms especially if their mal:ket'. outlet is
increased, recognised and organised. With a generally increasing trend
of rise in_the pri'ce of other sources of energy the allocation of forest
residue into energy markets seemg-promising in the UK, either for local

consumption in rural areas or even as export in modified forms.
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Appendix 3.1 Estimation of forest production

Forest unit:
Compartment:
DBH Inventory

SAMPLE PLOTS

Age:

YC:

(0.01 hectare)

Terrain class:

Species

dbh class 1 2

< 10 cm.

11 - 15 .

16 - 20

21 - 25

31 - 35

36 - 40

41 - 45

46 - 50

stocking:

stems ha~l
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Appendix 3.2 Data collection sheet for main prdduce and residues
Sample technique: . Tree no.: . Color:
DBH: ’ Total ht. Location:.

MAIN PRODUCE

SAWLOG PALLET CHIPLOG

Length Mid diam. Length Mid diam. Length Mid diam.
.

RESIDUES Fresh weight in kg.

Type > 7cm. 7 = Scm 5 =3 cm < 3cm

Stem tops

Live branches

Dead -branches

0dd pieces

Unextracted

main produce

NB. Branches include foliage
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Appendix 6.1 Labour cost for different forestry skill*

.

Type of skill Cost in pence per standard minute
Chainsaw operator 4.341
Tractor driver . 10.00
Forwarder/heavy chipper driver ' 11.00

* Forestry Commissionm rate for 1985.

Appendix 6.2 Machinery operating cost

Machiner} type ' Cost in pence per standard minute
l;Chainsaw _ 10% of labour cost (0.43)l
2.Farmbtractor 4.92
3.Forwarder 27.13
4.Light chipper | . : : 6.74
5.Heavy chipper | . 83.04
6.Massey Fergusion Tractor & Hyratong -7.23

Sources: l. Forestry Commission (1985)
2. Estimated
3. Forestry Commission (1985b)

4 .Hakkila (1984).
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Appendix 6.3 Estimation of chipping cost by light chipper

Example:HS 500 HD LIGHT CHIPPER Description: (Hakkila,1984)

' The HS 500 HD is a tﬂree knife drum chipper mounted on the three
point linkage of a tractor. Its drum diameter is 450mm and weighs 200
kg. It is equiped with the desired hole size for crushing oversized
particles. The feediné opening measures 20 x 40 cm. Its feeding.device
has two pulling rollers. The normal particle size of thé chips can be
'qdjusted over the range of 5-38mm Its prime mover is.farm tractor.

The total weight of the machine is 1000 kg. It is manufatured by H -
Steel Oy of Sweghen. It has an hourly output between 6 - 8 m3

Operating Costs:

Cost price of chipper and accessories ' =80,000 Finish Ma;k
Conversion rate from Finish Mark to sterling A =£] to 8 FMarks
- (Cook 1985)
Cost price in £ sterling - ' =£10,000
Transpofation cost from Finland to U.K. =£500
Delivered price of the chipper & accessories =£10500
Estimated life span of the chipper =5 years = 200 x 5 day

=200 x 5 x 8 hours
=8,000hours
Machine‘running cost =Capital cost of the machine x 3 (W;ttefing,1973mxb )I
ﬁstimated life spanb(hrs.)
=£10500 x 3
8000
=3.94 per hr.
Assuming a maintainance cost of 2% of running cost.
Operating cost per hour- sRunning cost + maintainance cost
=i.02 X E3.94

=4.0188 =£4.02 (approx.)
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(i) Operating cost per minute =£4.02/60
=£0.067 =6.7p -
Power is from Farm Tractor.

Assuming a second hand tractor is used.

Cost price - =£5,000
Dépreciation over five years =£5,000/5 =£1,000.
Maintenance (2% of the cost price) =£100

Interest in capital at 8% =£400

Total per annum =£1,500

Cost per hour =£1,500/1600 =93p
(ii) Cost per minute =93/60p=1.6p

Cost of fuel consumption per hour =Eé (Diesel fuel)
(iii) Cost of fueling per minute =£2/60=3.33p |
Total operating cost per minute =(i)+(ii)+(iiij=(6.7+l.6+3.3)p=ll.6p
Output per Hou:. . =6 - 8 m3

Average output used in this calculation =7.0 m3
Cost per output hour =£((11.6 x 60)/7)/100 .
=£6.95/7=99p per m3

(iv) Operating cost for light chipping =99p per m3
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Appendix 6.4 Estimation of chipping cost by heavy chipper
. Example: TT1500L
Decription: (Hakkila,1984)

This is a truck with its own motor which drives the three-knife dis;
chippér with its hydaulic feeder and loader; Its disc diameter is 150
cm. It has a separate cabin for the driver in the load space. The
feeding device has a 45 x 500 cm. chain conveyor and above it an
adjustable roller. The.dimensions of the feeding opening are 45 x 48
cm. The particle size of the chip can be adjusted over the range 24 -
32 mm. and on a special order, a rangeof 16 - 25 mm. is possiblé.

Tﬁe totai weight of the unit is 22,000 kg. 1Its prime‘ﬁover is&truek
It has an hourly output of chips between 20 m3 and 25 m3 It is
manufactured by Hameanlinnan Konepaja engineering works of Perusyhtynia
Oy and sold invFinland by Tyovaline Oy.

Operating cost:

Cost price ofthe chipper =1.0 million Finish'Marks=2125,000
Transportation from factory to forest - =£1,000
Delivered price of the chipper from Finland to UK.=2126,000
Estimated life span of the chipper (5 years). =8,000 hburs

Machine running cost per hour =Delivered price x 3

Estimated life séan(hrs)

=s(126,000~x 3)/8000 =£47.25p
Assuming a maintenance and fueling cost of 5% of running cost;
Operating cost per hour =1.05 xv£47.259=£49.61p
Therefore operating cost per minute=£49.61p/60;83p
Output per hour =20 - 25 m3 |
Average output per hour used in this calculation=22.5 m3
Cost m3 , =£49.61/22.5=62.21

Therefore machine operating cost for heavy chipper=£2.21 m3
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Appendix 6.5 Theoretical extraction of whole tree by tractor winching

Assumptions:
(i) Travelling distance each way on road is 150 m.
(ii) Travelling distance each way in wood is 150 m.
(iii) Terrain is relatively flat
(iv) Trees were already felled prior to winchings, set up with tips

pointing towards the winch rack.

Extraction time componeﬁts were built by synthesis - of standard time
modifications for 100 m in wood and on road distance each according to
work study practice (Wittering, 1977:; Workstudy Report No.57, FC 1978).

Calulation: (Estimation)

Average volume extracted per load =0.92 m3

Terminal time per load =21.28 SM

Time spent on road unloaded =1.11 sM

Time spent on road loaded = 1.52 Sm

Time spent in wood unloaded = 3.06 sM

Time spent loaded : = 2.44 éM | /

Total extraction time for 0.92 m3 =29.41 sM

Total extraction time pér m3 . =29.41/0.92 sM

Tractor operating cost (including fuel) =cost per hour x 32/60

Tractor operating cost.per m3 | ;E2.93 (Appendix 6.2)
=£1.56

Labour cost (Driver's wage in appendix 6.1)=£6 per hour
Labour cost per m3 =£3.2
Total extraction cost per m3=Tractor operating'cost+Labour cost/ m3=E(l.56 + 3.2)

=£4.76
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SIMULATION OF PRODUCTION COSTS

Appendix 6.6 Estimation of cost of harvesting main produce
(merchantable volume) by conventional logging
and extraction methods.

Felling and conversion:

Average volume per tree =0.30 per n3

Standard time for felling,snedding & conversion=6.71 SM

Standard time for stacking ‘ =0.12 SM

Total | ‘=7.04 SM

Standard time for fe}ling & conversion/m3 =7.04 x 10.3 sM
| =23.46 SM |

Labour cost for chainsaw operator ;Appendix 6.i=4.34p per SM

| Labour cost (felling & conversion)/ ;3 ' =4.34 x 23;4Gp=El.02
Machinery cost (including cost of chainsaw & fuel)=10% labour=10p |
Total cost of production/ m3 =£1.02 + 10p =£1.12

Extraction to roadside using Brunnett 578F Forﬁarder

Estimated extraction time/ m3 (Appendix 6.5)=32 SM

Labour éost i.e. driver's wage per hour=£6.5

Thereforg labour cost for 32 SM will be £((32 x 6;5)60) =£3.47
Operating cost per hour for Brunnett 578F Forwarder = £16.28
Forwarder's operating cost for 32 SM =£16.28 x3260=£8.68

Total harvesting cost of the main produce by conventional method/ 3
=(costvof felling & conversion + cost of extraction) /m3

=£(1.02 + 3.47 + 8.68) =£13.17 m3
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‘Appendix 6.7 Estimation of procuremént costs for whole tree chipping at

stump by light chipping machine (e.g.HS500 HD_Appendix 6.3)

Cost elements* sM/ m3 Cost (£)/ m3

LABOUR : (i) Chainsaw felling 136.0 5.94

(ii) Loading, chipping &

chip haulage to roadside 28.8 2.88
(iii)Supervision' ‘ 0.41
Total labour cost | ' ) 9.23
MACHINERY:Chainsaw operating cost at lOi labour cost 0.59
(iv) Tractor & Chipper operating costs 0.99 '(Appendix 6.1)
Total machinry cost | ‘ 1.58
TOTAL (Labour + Machinery)'costs iO.8l

* Derived from Hakkila (1984)
SM - Standard minute/ m3 (Hakkila,1984)

Cost (£) _ Derived according to FC (UK.) 1985 wage rate for forestry workers.
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Appendix 6.8 Procurement costs for whole tree chipping at stump

by heavy chipping machine (e.g. TT1500L)

Cost elements* sM/ m3 Cost (E)/m3
LABOUR: ,(1i) Cutting.of trees 49.0 ' 2.12
(ii) Chipping of trees 4.8 0.48

(iii) Haulage of chips

to roadside 9.6 0.42
(iv) Work supervision , 12.0 " 0.52
Total labour/ m3 . 3.54

MACHINERY
(v) Operating cost for chainsaw at 10% of labour 0.21
(vi) Operating cost for heavy .chipper (Appendix 6.4)2.21
Total machinery cost/ m3 ' - 2.42

TOTAL . (Labour + Machinery) 5.96

* based on current wage rate for forest skill worker in UK.

+ Hakkila (1984)
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Appendix 6.9 Procurement cost for whole tree chipping at roadside

using light chipping machine

Cost elements* sM/ m3 Cost (E)/.m3

LABOUR: (i)

(ii)

(iii)

(iv)

MACHINERY: (v)

Chainsaw felling 136.8 5.94

Extraction to

roadside - 32.0 3.20
Chipping at roadside 24.0 2.40
Supervision 9.8 0.41
Total labour cosf/ m3 . 11.95

Chainsaw operating cost(at 10% of (i)) 0.59

(vi) Tractor extraction _ 1.56

(vii) "Tractor power for chipping 1.15

Total machinery cost/ m3 3.30

TOTAL (Labour + Machinery) 15.25
(vi) _ Derived from Appendix 6.5

(vii) _ Derived from Appendix 6.3 ((ii) +,(iii)) x 24
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Appendix 6.10 Procurement costs for whole tree chipping at roadside

using heavy chipping machine

Cost elements* | sM/ m3 Cost (£)/ m3
LABOUR: (i) Felling of trees 49.0 2.i2
(ii) Haulihg of whole
tree to roadside ‘ 32.0 3.20
(iii) Chipping of whole tree 4.8 0.48
(iv) Supervision 9.6 ' 0.41
Total labour cost m3 6.21
MACHINERY (v) Operating cost for chainsaw (10% of (1)) 0.21
(vi) Operating cost for Tractor extraction ‘ 1.56
(vii) Operating cost for chipping.machine 2.Zi
Total machingry cost/ m3 » | 3.98
TOTAL h v (Labour + Machinery) ‘ 10.19

SLASH CHIPPING : N

N.B; For all roadside chipping of logéing slash i.e. tops and
br;nches, the working techniques are modified. Instead of converting
tﬁe main produce at stump (which is thé usual practice in conventional
harvesting), the whole tree is extracted after felling to a depot on the
roadside. Atithis depot, the tree is converted into main produce e.g
sawlog, pallet log and chip log following the conventiopal method
' (Figures 6.2 - 6.5) and stacked on the one side while the branches and
tops are piled on.the other side of the depot to allow for the free
movement of the chipper. |

Given the above arrangement the extraction costs of whole tree to
roadside are shared between conventional produce conversion and ;lash

procurement operations. One of the advantages of this approach is that
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there will be only one machine required to pass over the site by
extraction instead of two extractions if the extraction of main produce
in convetional harvesting has to be done separately, thus the fear of

soil compaction is reduced.

Appendix 6.11 Procurement costs for post - logging slash chipping

at stump by light chipping machine.

Cost elements* A . SM/ m3 Cost (£)/ m3

LABOUR: (i) Chipping & chip haulage

to depot 28.8 ' 2.88
(ii) Supervision 9.6 0.41
Total labour cost/ m3 3.29

MACHINERY (iii) Operating cost of
tractor & chipper - 0.99

TOTAL (Labour + Machinery) . ’ 4.28
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Appendix 6.12 Procurement costs for post - logging slash chipping

at stump using heavy chipping machine.

Cost eleménts*‘ ‘ " sM/ m3 Cost (£)/ m3
LABOUR: (1) Chipping . ~ 4.8 0.48
(ii) Haulage of chips to
roadside 12.0 1.2
(iii) Work supervision 3.8 0.17
Total labour cost/ m3 1.85
MACHINERY (iv) Operating cost of chipper 2.21
(v) Operating cost of hauling.
chips ;o roadside 1.56
Total machinery costs/ m3 3.77
TOTAL (Labour + Machinery) 5.62

164



Appendix 6.13 Procurement costs for chipping of post-logging slash at

roadside using light chipping machine

Cost elements - SM/ m3 Cost (£)/ m3
LABOUR (1) Haulage of slash‘to roadside 16.0 1.60
(ii) Chipping of slash at roadside A 24.0 2.40
(iii) Supervision _ " 9.6 0.41
Total labour cost/ m3 ' 4.41
MACHINERY (iv) Operating costs of tractor & chipper 0.99
(v) Operating cost of extraction 0.78
Total machinery cost/ m3 1.77
TOTAL . (Labour + Machinery) . ) : 6.18
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Appendix 6.14 Procurement costs for chipping of post-logging slash at

roadside using heavy chipping machine

Cost elements* SM/ m3 : Cost (£)/ m3
LABOUR (i) Extraction of slash to roadside . 16.0 1.60
(ii) Chipping of slash at roadside 4.8 0.48
(iii) Supervision ' ) 3.8 . 0.17
Total labour cost/ mS3 ' ' : 2.25
MACHINERY (iv) Operating cost of heavy chipper (appendix 6.4) 2.21
(v) Operating cost of extraction of slashl 0.78
Total machinery cost/ m3 ) 2.99

TOTAL (Labour + Machinery) . 5.24

1 cost of whole tree extraction divided by 2
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iAppendix 6.15 HARVESTING OF STEM TOPS AND LARGE BRANCHES BY CONVENTIONAL
METHOD (i.e. dsing chainsaw)

Harvesting and extraction of post-logging residue for further uses is
still wunpopular in the U.K. The costing used in the economic
consideration of their potential is based on both short timestudy
carried out ana standard time obtained by synthesis (Wittering, 1977) -
all of which are stated as follows:

I. Provisional method aﬁd time studies for harvesting stem top

JOB SPECIFICATION

(1) The chainsaw operator should fell individual tree according to the
standard logging and safety‘precaution (Bardy, 1977).

(ii) Main produce from merchantable volume should be .Eonverted into
various size specifications according to market requirements for sawlog,
pallet and chipwood.

(iii) Snédding and conversion should be done further to the stem tip
approximately 3.0 cm. top diameter i.e. beyond the normal top diameter
of 7.0 cm. and crosscut into short length between 1 and 2 metres iong.'
(iv) The chainsaw operator should after awhile gather and stack the main
produce according to type (i.e. sawlog, pallet and ‘chipwood) and residue‘
including stem tops and large'branches separately but not far from each-
other, within an area preferably in rows for easy extraction.

Joé CONDITION:

The site condition is assumed to be géntle in slope and pose no threat
to the safety of the operator.

ASSUMPTION - Establishment of a standard time for any operation requires
more than studying a single worker at work place. In o;der to obtain an
average repeated studies‘requiring many workeré are neccessary. This
was not possiEle for this exercise because of time and resources. It
was therefore assumed that the only one chainsaw operator studied was an

average worker.
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II.FLOW DIAGRAM FOR HARVESTING OF MAIN PRODUCE, TOP & LARGE BRANCHES BY

CHAINSAW OPERATION.

Inspect & consider

,MNQ. v e

NRxk troe Fell tree

Landing

Treat stump

Manakaine Machne.

Trim butt
Fix tape
Stack residue r- _.'I
. .t i
A: : Sned bole
( t
Stack produce IS T Measure & mark
[ l '
( | produce
{ [
¥
L _j Cross cut produce
o ~>%»-4 rl -1n
Crosscut b h I : | :
cu ranches
| : ’ ' :‘ i Sned top to 3 cm.
into 2 or 1 m, | ¥ | " ';'
‘ 1{ A 1
Measure § mark & i 1 ¥
£ \ I Measure § mark
branches | ' | | i
. t i residue
coed 1acge ! : | | | ,
n _ .
T 1 - <£ . f Crosscut residue
branches Lkl I | :
>= Scm. mid diameter 2m.or lm. lengths

I Repetitive elements in the main operation (produce harvesting)
IT Repetitive elements in the stem top harvesting operation

III Repetitive elements in the large branch harvesting operation
() Operation

I i Sgorage

V Temporary halt or delay
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III RESULT OF TRIAL WORK MEASUREMENT:Time study for harvesting of main

produce and stem'tops ohly

WORK ELEMENTS

Produce

Inspect & consider

Fell tree

TreaE stump

Landing

Trim butt

Fix tape--

Turn Eree & sned bole

Measure, mark & crosscut .
Maintain saw

Total productive time for producé harvestingtree
Plus 30% contigency & other work allowance
Plus 26% Personal rest allowance
Provisional standard time (approx.)
Residue: stem tops and or large branches
Sned to stem top diameter 3.0 cm.

Measure aﬁd mark ;esidue

Crosscut residue into 2 or 1 m.length
Stack residue

Total productive time for reéidue harvestingtree
Plus 30% contigency & other work allowance

Plus 26% personal rest allowance

AVERAGE TIME*

7.56

7.56

0.81

0.16

0.12

* Average of two work measurements conducted on the field.

169

SM. (cf.append.6.6)



IV’ Bstimation of production cost of stem top or large branches by
conventional harvesting (to the roadside)
Felling & Conversion
Mean produce volume per tree (Scoté.pine) =0.249 m3 Mean'produce and
residue volume per tree =0.262 m3_Mean residue (spem top) volume per
‘tree =(0.262-0.249) m3

20.013 m3 Provision
stén&ard t§me for harvesting (logging & cogversion) 0.013 m3 of residue
=2.2 SM Time required £o harvest i m3 of stem top =2.20.013 SM

| =169 SM " Labour cost

for‘chainsaw operator =4.34‘per SM Labour cost of harvesting 1 m3 of
stem top =£169 x 4.34100

=£7.33 Machine
operating cost (for chainsaw=10% labour cost)=£0.73 m3

| =73p m3

Extraction
Synthesis of extraction time for topor large branches is based‘on FC
standard time extraction by Masséy Fergussion' MF 135 fitted with
hydratong. (FC 1972) |

No. of pieces grapple o =20.5 (approx. 21)

Distance travelled to make a grapple full =45.2
(i) Terminal time per piece =0.01 sM

(ii) Terminal time per piece until a full grapple is made
=0.055 SM for a distance of
45.2m

(iii) Terminal time per piece on ride or rack for a distance of 150m.

=0.13 sSM .
Total time piece =(0.01+0.06+0.13) S&
. =0.2 SM.
vVolume of piece ‘ : =0.013 m3
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Therefore time required to extract 1 m3 of topsor a large branches

=0.20.013 SM

=15.4 SM
Costing
Labour cost for‘the driver o =ES{5 pér hr.
Therefore 15.4 SM (i.e.lm3) costs - =515.4S0.0 X 6.5

=£1.67 m?
Operating operating cost for Fergussion for 15.4 SM (lm3)

=15.460 x 4.29

=£1.10m3
Total extraction cost : o =£1.67 + £1.0
=£2.77m3
Felling & conversion: _ Labour cost ' =£7.33m3
Machinery cost =£0.73m3
Extraction to roadside:_ Labour cost . =El.67m3
Machinery cost =£1.10m3
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1. “Whole tree chipping at stump by light chipping machine

2. Whole tree chipping at stump by heavy chipping machine

3. Whole tree chipping at roadside using light chipping machine

4. Whole tree chipping at roadside using heavy chipping machine

5. Chipping of post logging slash at stump by light chipping m.;chine

6. Chipping o_f bost logging slash at stump by heavy chipping
machine |

7. Conventional conversion of main produce and chipping of post

Il.ogging slash at roadside by light chippin'g machine

8. Conventional conversion of main produce and chipping of post
logging slash at raodside by heavy chipping machine

9. - Conventional (i.e. chainsaw) harvesting of stem tops aﬁd any large

branches to 3.0 cm. at stumvp. |

10.  'CONTROL i.e. No procurement of residue - which is the standard
practice whereby only the currently merchantable parts of the tree are
harvested by conventional shortwood logging methods to minimum top
diameter of 7.0 cm. while the residues (i.e. tops and branches) are left behind on

the forest floor.



