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1INTRODUCTION

The limiting factors in forest operations Bosnia and HerzegovinéBIH) mountainous
stands are terrain slope, miamlief with obstacles, bearing capacivf the soils during
periods of increased moisture, snow and ice conditions in winterseledtive managed
stands.Forests havemainly co-natural structure mixed and uneveaged managed with
selectivefelling, individual and groupwith a 10year cycle Europearsilver fir (Abiesalba,
M.), Norway sprucéPiceaexcelsaK), European beecfiragussilvatica L.) and sessile oak
(Quercugpetraea L.) are the most important commercial species.

Strip roads and skéing trails represent basic network of secondary faesessibility which

provides the quickest and shortesty for felled and processed trees atwdbe constructed

with the slope gradienip to between 3% and 60% with the terrain stone content, due to

kae st conditions reaching up to 90% (Sabo and

Stateof-art harvesting technology in forestry &iH is felling and processing trees at the
stump usingchainsaw and skidder for rouwdod extractionSometimeswhen terrain and
stand conditions requir@nimals and cable yarders are in U8eundwood is skideld on the
forest road (landing site) with the forest skidder or adapted agricultural tréftackedvood
(traditional fuelwoogd is extracted by animalsn the traditional way. Harvesting technology
and method is still a question of research and discussion

As a consequence ofirrentmethodsof using forestss low usage of total tree biomass, i.e.
significantamountof biomassremainsunusedin the forestor losessomewhereduring the
transport

A consequence of wood processomysiteis a short logvhich could have negative effects on

the productivity and costs of skidding. Produgriof stacked wood in the forespensthe

problem ofincreased cosbf cuting in the forest and increased costs of transpdrta | i | ovi | |
2012)

Residueand stacked woodhat occur during wood processing ithe assortment method
remain inthe forest In the treelengthor the half-tree lengthmethod wherevood processing
is at the landing sitehere is presumption that potentiasidue remamon the forest road and
then can be used for chipping (wood energy)
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2 RESEARCH PROBLEM AND HYPOTHESIS
2.1 FOREST HARVESTING

The harvesting methadin Bosnia and Herzegovina refenostly to the motormanual
assortment methotialf-tree length and tree length method, while the whole tree and chipping
methods are not practicethe assortment method is most common.

Such situation in forest harvestingpnsequently results with aow percentage of biomass
utilization. A significant amount of wood could remain unused in forest. Stacked wood which
occus in forest in assortment method hasbe carried out by aningland due tdhelack of
animal labor foce on the labor marken effect, stacked wood often remains in the forest
Such situation is unacceptalaled needs improvement

Also, an problemin practiceis that in assortment method cutters often cros@mutk) tree
and producefinal assortmentswithout help from specialist for quality classedofestry
technician) what is unacceptaplecausen generalcutters are nosufficiently qualified for
that job.In stateof-art forestry such kind of practice is obsolete.

In thearea of BIH several stlies havdbeen conducted on the introducithg treelength and

the halftreelength mr vesti ng methods ( Kul ugljiubeotj eali.l,
1990). Results of those investigatiolesl to the conclusion that trdength and halfree

length méhods are recommended with appropriate better organization of production process.
Also, it is proved that treéength method is more demand for performing and cause

higher damages in the stand, on the stantfiegs juvenile plants and sol Do | e g al , 19.
Meyer, 1966. Perhaps that is a reasohyit is not widely accepted in local forestry practice.

Other reasons could thfficult terrain conditions and selective forest management which is

based on cuttingf the single tregon the widearea

According to standards and regulations in sifsation of wood products in Republic of
Srpska(entity in BIH), most of calculations are based on wood assorgneithh diameters

above 7 cm. Isomeconceptios, forest biomass calculations are basadotal wood volume
(Bojanin, 1987)with or without greetmassneedl es and | eaves (Lokl,
Discrimination of the effective factors in each stage and developing thresponding time

models enablesforest managers to choose wisely the method of wood extracting, and
efficiently manageharvesting operation proces®ne of common ways to evaluate the
harvesting system is time study and cost production assessmerdisEbigatiorreports cost

and timeprediction models for motemanual fellingand processingskidding with cable
wheeled skidder and chipping with the mobile chippers

Increasing demand for using of renewable energy resources is strongly emphasized during last
decades. On the internatadrievel it is recognized through series of conventions, conclusions
and recommendation®Roser et al., 2010forests are energy sourceadiigh conversion of

wood biomass into solid, fluent and gaseous fuels for industrial and domestic use. Bioenergy
sysems can use wood biomass which wouhdother casesemain unused because of low
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market price and high utilization costs. In conventional forestry biomasslizsed asa
product of round/ood production (Rosest al., 2010). Almost all operations in forestigave
residues (tops, branches, needles, bark, etc.) which can be used forifethergyis a suitable
technological solutionThere are estimations tha545% of volume of harestedtreesleft in
the forest(Dykstra et al, 1996) This residueis usually dispersedn the large areavhat
makestransport costs per emgrunit very high (Spinellet al., 2007; Richardsoet al, 2002).

Forest bionass potential can be dividedantheoretic and effectiva.he heoretic potential is
present in the forest arttie effective can be realizedn the basis of management systems,
harvesting technology, wood market and saonomic situation of forest owners (Krajnc
and Dol engek, 2001)

Biomass $ unfossilized plant raterial, originated from photosynthesis with creatioof

oxygen and consumption of G@om atmosphere. Such constitution of biomass &as
advantage in relation tather renewable energy sourcbscausét is very similar to classical

fuels (oil and coal) and technology for biomass does not require such large changes in relation
to the existing energy technology (Bogdan et24106).

The hardwood havehigh energy value, whicprovides opportunityfor the part of biomass
(branches, bark, peels, shorter parts of stem, branch rategpdte.Jised as a row material

for energy use. After regular harvesting, about 20% of total above ground tree volume
remainsin theforest( Ba j i [2008) tUsing of forest biomass need to be issue of ecology,
especially in natural standSustainable sing of forest biomasscamot significantly affect
biological stability ad productivity of standé B agt al,2007).

2.2 CHARACTERISTICS OF WOOD PRODUCTS
2.2.1Logs

Main products which attract most attention of forest manager in forestry of Republic of
Srpska andwhole BIH are logs. Broadleaves logsre definedaccording toJUS (QUS
D.B4.02%1 JUS D.B4.028

Classes andemeral characteristied beech logarepresented in Table 1
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Tablel: Characteristics dieechhardwood logs

F L | Il 1]
Min diameter (without bark) d scm 40 35 30 25 25
Min length 7 m, L 2 2 2 2 2
Heal thy knots (I < 10 unlimited
" unlimited unlimited
Heal t hy smald20kmot (| 1/m' unlimited
Heal thy middl-el0Okmot ( not allowed 2/m' u
o m'
Heal thy | arge knot (1 U
m
Heal thy |l arge §not ( 2/m'
0 not allowed
Heal thy | arge &knot (1 not allowed notallowed
Small blind-knot (height < 4 cm) 2m unlimited
Large blind-knot (height > 4 cm) m' 2/m'
Ovallity < 20 %ds < 10 %ds unlimited
Conicity <3 %D <4 %D <6 %D <10 %D
Longitudinal recesses depth < 5 % depth < 3 % depth < 5 % depth < 10 % unlimited
Single curvature (arc height) <2%L <3 %L <4 %L <5%L
Slope of <5 %ds 10- 20 %ds 5-10 %ds 10- 20 %ds > 20 %ds
Wells of longhorn beetles 12m Um'
. not allowed < 5/m'

Wells of flies 3/m'

<10cmatl < 10 cm at both < 2dsat
Frontal cracks front fronts < ds (at both fronts) both fronts

Mechanical injury (injuries and healed)

Bark injuries by moving and transport
Healthy false core
Central rot

Circular and radial cracks

Frost cracks
Eccentric core
Double core

Frontal color change

Number of allowed errors per log

depth < 5 % depth < 10 cm

partly
< 20 %ds < 70 %ds
< 10 %05 all core errors
which influence
<10 %ds on positioning in
peeling machine
not allowed
allowed
not allowed
not allowed
4 5

depth < 1/3ds
(bonification of unusable part)

< 50 %ds < 80 %ds unlimited
not allowed allowed
<10 %L (both <15 %L
fronts (both fronts
4 6

D1 Diameter at thicker endl 1 diameter at middle of lengthg;i diameter at thinner end- Length
*) usable edge part measured at the narrowest place of the front is 1/6 of diameter at least: if error is < 10 cm wittatigrhonifd cm

with bonification

2.2.2Fuelwood

Fuelwood is defined according ivS(JUS D.B5.023

Fuelwood is divided into:

V Wood of hardwoods: beech, hornbeam, oak, locust, maple, ash, ghhe, and wood

of fruit trees;

V Wood of softwoods: birch, alder, linden, poplar, willow
V Wood of conifers: pine, spruce, fir, latch

wood bi

oOomas s
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2.2.2.1Classification by level of humidity
According b the degree of humidity or time elapsed from cutting wood is classified to:

V Dry, if the cutting was at least six months ago; cutting waginter or summer
V Raw, if the cutting was less than four months.ago

2.2.2.2Classification by form
According tothe form in thefuelwoodis included:

V Billets: pieces of wood of 1 m length obtained by splitting the roundwood with a
diameter of at least 15 cm, which were cut on both ends with a chai@bkavd of arc
or flat side of billetshouldbe 1825 cm wide Allowable deviation of the length is at
most +/ 5 cm

V Small logs pieces obtained from roundwood by cutting with saw. They are 1 m in
length, and diameterZ5 cm. Permissible deviation of length is S/cm

V Small round billetspieces of roundwood, obted by cutting with ax or saw, a
diameter of 37 cm. Length of 9420 cm

V  Gnart lumpy, spit or difficult to split pieces of wood from 25 to 40 cm, and in length
from 0.5-1.2 m;

V Stump wood pieces of wood obtained by breaking or splitting the stumps of
deforested trees with thickness of-48 cm
Waste: pieces of wood which fall out during cutting, splitting, trimming and debarking
of wood in the forest or during thwood processingn sawmills and other wood
processing plantshe thicknes®f pieces of wood varied.5- 25 cm, width 225 cm
and lengthl5-120 cm.

2.2.23 Classification by quality
| classi Thefuelwoodof the first classs billets andsmall logs (small roundwood)
The following errors are allowed:

Lumps all types andizes

Decaying pieces up to 10% of the delivered quantity
Incipient rottennespieces up to 30% of the delivered quantity
Curvature of the arc height up to 15 cm

< <<

Il classi The firewood of the second claseludes all logs and logs that for whatever ogas
do not fit in the first classThis classncludesgnarled wood with length of.80-1.20 m and
thickness oR5-40 cm.

The following errors are allowed:

V Lumps all types and sizes
V Curvature and slope of unlimited
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Pieces cut with one or both ends

Decaying pieces up to 20% of the delivered quantity

Incipient rottennespieces up to 50% of the delivered quantity

Short pieces that together make up to 10% of the delivered quantity

< <K<K KL<

Dry wood for distillation

Fuelwood of hardwoods of class qualitgmd 1lcan be used for dry distillatioas well as the
small billets

2.2.24 Roundwood for the fuelwood

Fuelwood can be delivered in the form of roundwdedgth of 1 m and above. Diameter is
rounded to whole centimeters, and the length is rounded twml@versize is not given.
Roundwood is measured along with the bark ihankg. According tothe quality it is
divided irto | and 11 class.

| class- includes roundwood with the following permissible errors:

Lumps all types and sizes

Decaying pieces ufp 10% of the delivered quantjty

Incipient rottennespieces up to 30% of the delivered quantity
Curvature of the arc with arrow height up to 15;cm

Slope of, unlimited.

<K<K KL

Il class- includes roundwood with the following permissible errors:

Lumps all tyms and sizes

Curvature andglope of unlimited

Pieces cut with one or both ends

Decaying pieces up to 2066 the delivered quantity

Incipient rottennespieces up to 50% of the delivered quantity

<K<K KL

2.2.25 Stacked fuelwood

Stacked wood fits in thetacks in the form of a prism, and the volume is expressed in m
based on converting volume stack in a compact wood volume (without holes).

Stackng of stacked wood in the form afprism should bedone insuch waythat a stack has
the same height and wiidalong its lengthCrossstackingis allowed at the end of one stack
When measuring the height of the crssack, the height is reduced by 2Q8tving oversize)
The stack of roundwood in the forest is increased by 10%.

Converting volume ofhe stack into a compact mass is performed by reduction coefficients
(coefficients of conversion), depending on the size and intent that are identified By $is
(JUS D.B0.022 Reduction coefficients vary in range fron8® to Q80 depending on the
form of the wood.
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2.2.3Forms of wood biomass for energy

Wood biomasss used in various form®r energy purposed.echnology dependsn biomass
charateristic such assize, size distribution, moisture content, ash content and contaminants
(stones, earth and sand)

The biomass energy contems shown as theenergy value which depends on the
physicochemical characteristics, primarily froi@edstock moisture contenthe calorific
value is expressed as an upper (gross calorific vale@V) or as a lower value of firewood
(net calorific value- NCV). Upper calorific value represents the energy content of the
biomass without free water while in the casdasier calorificvalue,the energy required to
evaporate the watés taken into account

Calorific value of wood also depen@f the wood species respectivedy it density. In
average, gross calorific value of wood is about51BlJ/kg. Moisture content of wood
biomass isusuallyexpressedvith regard to wet basigs well aswith regard to dry basig.he
average wood moisture contastabout 50% (wet basis), while after drying period is about
18% (wet basis), which largely depés on the method and duration of storage after harvest.

Natural ash content in needles and leaasaseeds %, in brushwood and crust is about 3%,
while in logs is about0.6%. Also, different pretreatment techniques of raw matearal
currently usedo increase density which achieves higher energy value relative to the yolume
which reduces transportation costs and facilitates handling of raw material. Thus, the density
of biomass can vary from 150 kgirnto over 600 kg/m Technologies related to thee
treatment of raw materials include wkhown mechanical technologies, such as logging and
production of wood chips, but also little less known and dsecdho-mechanicabnd therme
chemical technologies to increase the density of raw materials,asustoduction of pellets

or toreficationwhich produces product similar to coal which incesasnergy value, energy
densityand the ability to crush raw materials.

Wood chigs is form of biomasssize of 550 mm, which is obtained bghipping of lower
quality logs, trees, brushwoaihd wood residues. Ftine automatic use of the wood chij

is good to be evenly sizeMoistureof wood chis obtained bychippingjust harvested wood
is about 50%, but after the summer drying in period-6frBonths, te moistureis lowered to
30-40%. Further drying with hot aimoisturecanlower to 20%. Ash content in the wood
chips depends on the type of wood and leaves, brushwood and logs. Wosddepending
on the method of manufacture and storage, can be cmatiah with stones, earth and sand
which increase the ash content. Calorific value of woodsalepends on theoistureand the
raw materials from which it was obtained.

Applicable provisions of JUS standards for wood slaife

V Woodfor making cellulose, hemicellulose and pulpw@ddS D. B5. 02)
V Woodfor wooden board§JUS D. B5. 021
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These standards define types, measures and quality of the wood used for the production of
cellulose, hemicellulose, pulpwood and wooden boards.

For production are used:

V Conifers
V Softwoodand hardwood broadleaves

By the form woodcan be:

V Stacked wood in the form dillets and smalfroundwood
V Roundwood

V Sawmill waste and forest residuies

V Wood chi.

Table2: Measures and percentage of fractioha/ood chig for production(JUSD.B5.020

Woodchips Length (mm) Width (mm) Mass content (%)
Large up to 50 above 9 up to 10
Normal above 10 to 25 above 6 to 8 at least 80
Small above 5 above 3 up to 10
Delivery:

V Wood chipis placed on the market indee ni with the bark permissible content of
2% (relative to mass)
V Every wood species is placed on the market separately

Quality:

V Wood for the production of wood chipshould meet the generalequirement- it
should béhealthy and other errors are allowed unlimited and not measured

Quality of wood chip for energy purposes depends on several factors that detersine it
further use. Those are:

V Size of fractions (dimensions and homogeneity)
V Water content (moisture of wdahis)
V Bark share (ated to the amount of ash)

In international markeit is usually classified into class fractions: up to 16 mm (P16), up to 45
mm (P45), up to 63 mm (P63), up to 100 mm (P100) or 1itikel49611).

On the enagy valueof wood chifs water content mostly affegtsomewnhat little less
the wood species, the content of resin and the content of other substdmecester content
was determined as the ratio between the weight of water and the weight of the moist wood

(1),
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X & —_— é (1)
Where is:

V 0 - moisturecontent (%)

V a - water mass in wood (kd),

V & - drywood masskg or 9

V 6 - wood moisture content

For the evaporation of water fromooda constant amount of energyconsumedo we can
easilycalculate the heat value of the raw material. Fuel values el utedry wood for all
domestic species are nobnsiderablydifferent. The equation for calculation of the calorific
value of wood with water i€):

8 O

(

e (2
Where is:

V 'O - calorific value of raw wood (MJ/kg)
V O - calorific value of dry wood (MJ/kg)
V 244 - energy of evaporation of water (MJ/kQ)

Heating value canebrepresented in kWkg where,1 kWh = 36 MJ, or 1 MJ = @78 kWh.

Moisture content depends on the season of harvesting, type of biomass, time after harvesting
etc. Moisture content of the raw wood phiis over 40% and even over 50¥%g forest dry

wood 20-40% (depending on the time spent in the forest), up to 20% raiwdod) and
technical dry wood with a moisture content ei®6( Ko g i ,,2008)t a |

Raw wood with thevater content of 580% has a calorific value of abontl MJ/kg, wood
with the water content of 285% has a calorific value of abouf.2 MJ/kg, andstored
through the summer wood with theater content of 25% has a calorific value of about
144MIkg( Kogir et al., 2009)

When it comes to transport of wood for energy it should be noted that the selling price
essentially desnot need to depend ohd water content. Theood could besold to a buyer

by ATRO weight (weight in absolutely dry state). Water is not included in the pricéhdut
water contenthasimportantimpacts onthe cost of transportationWater contentincreases
transportation costdut it is significant for the transport economylyowhen energy wood
(chips) ispaid by heating value and not by weight or by volume .oflyerefore, it is
recommended drying before chipping and transport. Before drying it is recommended
chopping of wod.
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2.3 RESEARCH HYPOTHESIS

Aim of this research is to compare the productivitgsts biomass utilization and stand
damage®f two methods:

1. Fellingthe tree, processimg the stump, and extraction the assortments ttatiténg
site.

2. Felling the tree, partially processing at the stump and skidding tdatiding site
where processinig finishing and fuelwood is chipping

First hanesting methodvasunderstood athe assortment methoand second ae half-tree
length methodas a modificabn of the treelength method. The aim of the research was to
identify advantages and disadvantages of introduthedalf-tree length methodn beech
forest utilization

On the basis of research aim we set next hypotheses:

1. The fualf-tree length harvestingmethod is more efficient thamhe assortment
productivity is higher and it is cost effective;

2. In the halftree length methodthere is a better utilization of wood biomass,
quantitatively and qualitatively, than the assortmeniethod

3. When processingssortments on the forest roadcertain amount of residuemains
which can be used for chipping;

4. The half-tree length harvesting method required better design of skidding roads and
better work organization thahe assortmenimethod in order to keep dages on the
level oftheassortmenimethod;

5. When performinghe half-treelength harvesting method thasgreatempossibility for
rational utilization of wood residuthan inthe assortment method

6. Raising demand for wood energy makes cost effectivgueigpon the forest road.

10



Mar|l eta D. Comparison of technoltangs. es of wood bi omass

Doctoral dissertation. Ljubljana, University of Ljjdnha, Biotechnical faculty, 2015

3 PREVIOUS INVESTIGATIONS

When choosing the optimal harvesting solutions (technology, transport, macleterg
large number of factors should be taken into accoQufality and economy depend of
choosingan optimal technologyTechnology is optimal when provisenaximum efficiency
of energy utilization with minimuranitcosty Baj i | et al ., 2007)

3.1 FELLING

Felling is the procesduring whicha standing tree isut from its stumpand felled on the
ground that following logging operations may be undertaken. Felling is one of the most
important processes in forest harvegti Felling is the firststep of changinghe tree to
monetary valugMousavi, 2009) With felling, value is added tohe standing trees in the
forest. From an economical point of view, standing trees in the forest have no value, although
from the ecological and environmental point of view, a forest is higlalyed as an
ecosystentfMousavi, 2009)

The chaisaw isstill the most common tol for felling andprocessindrees. Its relatively low
purchase price, low weight and ability to be carried by one person have made it a commonly
used tool for workingin the forest (Schminckel995). Motor-manual felling, using a
chairsaw, is one of the logging components that are directly related to human labor
performance. In spite of the introduction of new machineries in forestry, which have
decreased the reliance on human power, labor still plays an important rm@daamanual

felling. In felling trees with a chasaw, stumps should be as close to the ground as possible
because the most valuable part of tree is its butt, additionally it should be cut at an angle to
minimize hangups (Han and Renzi2005).

Felling shouldbe carried at mainly in winter timen orderto avoid fungi attackFor more

than 2000 years, certain forestry practices and rules regarding tree felling have been carried
out in observance to Moon cycles. A general review of the different types offoliteged

(known in Europe and on other continents and stemming from both written sources and
current practitioners) shows that special timber uses are mentioned in relation to a specific
felling date which supposedly ensures advantageous wood prop2rties ¢ 19@9) Moon

timber is said to havesome special and unusual characteristics: it does not rot, it is not
attacked by isects, it does not burn, itdsier, itdoes not shrink, it does not crack, it does not
bend, and it is very hai@orelli, 2005)

In felling, finding a clear path eliminates lodged trees, throwback and damage to the tree
being feled as well as the other treddl technical, environmental ahsafety issues should be
considered for finding a clear path. tveay (1979) found that about %0of the value loss
occurs in timber felling alone. Felling the tree in a desired direction is called directed felling.
The objective of directed felling is ®ave time and unnecessary work by directing the tree
according to the transport route skidding trails This decision should be based on the safety

of the feller, the field situation, tree position, log skidding, timber breakage, residual stand,
transpot route, natural obstacles, and working methods.
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Skillful felling is the first stage of transport, bringing the logs closer to their intended
destination. The general terrain features are a very important variable in the felling operation,
because slopeals the greatest effect on timkdamage Heavy brush decreases productivity

as ithinderswalking between trees and decreases the productivityquerStand densitand

tree concentratioaffectthe felling operation. In lowdensity standsr stands with selective
cuttingthe cuts are scattered and walking distances are increased, where cutting is performed
by the worker or machine. Weather conditions may interfere with the efficiency of the worker
and machines, for example, heavy snow, failan extended rainy season. In partial cutting,
hangingup is common, while in cleautting it is not a problem.

Time consumption of felling and productivity depends on several variables, such as
harvestingintensity, DBH (or stump diameter) and inteéree distance (Kluender and Stokes
1996). Time studies of felling in different areas showed that felling, delimbing, bucking, and
finding the tree are the most time consuming elements (Schmit@$s).

Productivity is more related tihhe stem diameter than harvest intensity (Lortz et1897).
Felling productivity is also affected by environmental conditions. Mitchell (2000) showed that
in colder climates, felling efficiency decreased, becaiiseharderwhen the wood is frozen.
Thisissue was also raised by Renzie (2006).

Barreto (19984iscoveredhat the productivity is affected by the number of workers in each
group. The productivity was higher forgroup withtwo workersrather thara group with
threeworkers

Processing isisually understood asprocessvhereby a felled tree is debranched and cut into
logs in preparation for skidding garding phase of logging. Afterteee is felled, the operator
assistant measuress before crosutting. While measuringhe logs, the operator (bucker)
should carefully examinthemfor changes in the surface characteristics such as knot size and
rotting.

Delimbing is one of the most dangerous parts of tree processing and involves many safety
aspects because when the tredaid on the ground, branches még storing enormous
potential energy. This energy can be released suddenly when a branch is cut. Delimbing and
topping is donebefore crosscutting and it starts from the side with the fewest branches
(Kantola and Harste]4.988).

Medved and Poje (2003) examined accidents in Slovenian fordstey. established that

main causes for the accidents were parts of trees, some other objects, or the forest ground.
Most of the injuries were inflicted to: head, shin, arm fingerasthknee, ankle and eyes. The
accidents occurred primarily in evaged (one canopy layers) stands, stands with mature
trees, on fields with 30% slope by thinning. Handling an assortment method with trunks
with volume0.3-0.5 m®, which are made from trees @6-1.5 m*volume, caused most of the
accidents.
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Characteristics of accident occurrence show that changes in society, forestry and stricter
legislationdid notsignificantly nfluence improvement of safety (Medvetal, 2007)

A decrease in the number of werilatedaccidents and deaths in forests is only possible with
an integral approach to suitable trainingnd use of appropriate organisational and
technological solutions (Klun and Medved, 2007).

Bucking is technidly one of the most important elements of processiagause a cut tree
should be bucked in a length that maximizes profit. Sickler (2004) found that bucking has
direct mpact onthe logging profitability. Bucking optimization requires simultaneous
consideration of species, tree stem quality, tree stem dimensions, log lengths, current market
demand and prices, in addition to other factors (Wang ,e2@0.7). Poor budng practices

may result in 2% loss of value in comparison to what is considemadgpractice (Wang et

al., 2007).

A harvestingsystem refers to the tools, equipment and machines used to harvest an area while
harvesting method refers to the form in which wood is delivered to the logging access road,
and depends on the amount of pssieg (Pulkki, 1997)

Pulkki (1997) diffes five harvesting methods in use throughthé world cutto-length, tree
length, full tree, whole tre@andcomplete tree

Various researches have been conducted to show the weaknesi/anthgesas well as the
influencingfactors of each harvesting system in order to find the most appropriate system for
a particular situation.

Naghdi (2005) compared the production rate and cost, as well as damage, to the residual stand
when using the&inmechanizeautto-length and tree length method. The productivity of the

tree length method was higher than of thetodlength method. Damage to the residual stand

in the cutto-length method was higher than in the tree length method.

Adebayo et al(2007) studied productivity and cost of the whole treethod and cuiio-

length methodHis results proved that the whole tree method was more productive than the
cutto-length method, and consequently the production cost was lower. Although comparison
of cutto-length method and tree length method provides important information about the
effect of log length on the productivity and cost and also damage to the residual stand, it is not
sufficiently detailed, because performing-toHength method involvelarge variations in log

length that require more detailed studies. Therefore comparative studies on tHegshod
long-log method are needed to determine various positive and negative aspects of both
methods applied under similar conditioAsiébayo eal., 2007).

According to Rebula (1988), working method indisaeform and size of assortment which

is transpored from the forest. It may differ following methods: agtment, haltree length,
treelength, fulttree method, patree method and chipping method.
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Problem of stacked fuelwood which ocsur the assortment method can be solved if instead
classical stacked fuelwoptbng (roundwood fuelwoods made Making of long wood isa
rational salition because productivity is increasing and human labor is decrea®ingj et |
al., 2007)

Kul ugi [ an d(19%9) invdstigatgdadifférdnt technological processes in harvesting,
processing and skidding in pine and oak forest, determined effects and productivity and for
each technological model they estimattdndard timesThey emphasized advantages and
disadvatages of each method.

J o v a n(1980) donducted time study for two harvesting technologies in fotiéization,
assortment and trekength method. He used method of moment observations for data
collection.

Bojanin et al. (1989) were comparing hargsting in oak and alder stands. They applied
assortment harvesting method where technical roundwood and long industrial transport
lengths wood is processed

Bojanin and Krpan (1994investigatedapplication of motormanual asortment, tre¢engh
and halftree length methoth different working conditionswhere whole day time and work
study was performed, 24 days in mountain area and 59 days in lowland area.

Kr pan a r{l996)Znvdstighted effective work time iravesting of poplar by irsg
group work, where harvesg was done with modified trdength, after which skidding on
theforest landing site was done where processing continued.

Zeland Mea(R005) examined characteristics of work and efficiency of a work team.
Standardite for two cutters was592 min/nt. Allowance time is made of parts of delay
times necessary for executing the work order. Allowance time is determined in order to
establish standard times and standard efficiencies and it is twld#ective time in form of
allowancetime coefficient or ina form of absolute value. Thegstablishcoefficient of
allowance time for cutters55 and1.70.

Some othestudies have reported that tree diame#H), ground slope and species of tree
I n p u eling tane in enotor manually felling (Kluender and Stok&996 Hartsough et al
2001 Wang et al 2004 Ghaffariyan and Sobhany, 2007).

The time distribution of various elements of the time study on manual felimg chainsaw

are movingto tree 12%, reconnaissanced,lundecut 26, back cut31% and delay19%%.

Notably, the back cut has the highest share of the fdiling, and delay times account for

about oney f t h of tot al wo r k iDBH) was ifoomel .to bd@ the mostd i a me
important determinant of time consumption and productivity. In addition tDBte, distance

bet ween trees was also found to inpuence pr
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(bBH) was found to be the only vauwusngdhdinsaws i gni
in the study area@haffariyan et al2013)

Although, safety hazards are increasicigainsaw felling is not as limited by the ground slope
or tree size asnechanized fellingmotormanual felling is also used to meet management
objectives such as preommercialthinning, salvage operations, and estive harvesting
(Behjou etal., 2009).

Wang et al. (2004) developed a productivity model for chainsaw felling, which included
variables such as diameter at breast height and theakstenong harvested trees. Holmes et
al. (2002) conducted a time study on the forests of eagterazon;they found that the
productivity and cost of motormanual felling were @46 m’/h and 0.46 USDm®,
respectively.

Behjou et al. (2009) performedtene study in uneveaged beech forests in Iran with the
average growing stock 320%ha. The variables such as distance between harvested trees,
diameter at breast heigHhDBH), slope in the stump area, and slope between two harvested
trees were enteredtd the general model for predicting felling time as significant variables,
which can beapplied inharvesting planning. The felling cyckame pertree and felling
productivity were mostly affected iyBH of the tree being felled but they were also affected
by the dstance between harvested trel®reasing distance between harvested trees will
increase felling time, but iDBH increases, the felling time decreases. The average
productivity of .1 m*/productive machine hour (PMH) 0105 m*/schedule machine hours
(SMH) provided the weekly production of @B8 m*and 32.10 n?* for chainsaw felling. Its

total hourly cost wa®.81 USD/PMHm® and 1.05 USD/SMHm?®, respectively. The delay
time was0.81 min per turnwhere0.22, 0.44 and0.15 min per turnwere for operational,
mechanical and personal delays, respectively.

Poje andPotd nik, (2007) studied group work in forestry and concluded that group work
demands aighly skilled worker who is able to perform any work in the group and that
requires constant education and employment stability.

Behjou (2012) establishechat felling time per tree wamost affectéd by diameter at breast
height anddistance among harvesteeés in singldree selection method and diameter at
breast height in group selection method. The production rate in single and group selection
cuttingwas21.2 m*h and 3.4 m*h for oneperson, respectively. Considering the gross and
net production rate in single and group selection cutting, the unit cost.¥la&/SD/nT and

0.88 USD/n?, respectively. The results indicate that group seleatistting can be more
profitable than singkeree selection method.

In Greecetheuse of tredength system is introduced mainly time stands with terrain with
low inclination (Galis and Spyroglou, 2012). Cutting of stacked wood into length by petrol
chainsaw is a typical technical and technologigabd harvesting solution. Due to the fact
that wood harvesting is most commonly perfed with the use of tree length system (TLS)
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or longlengthsystem (LLS), cutting into lengthn Poland it is performed either after the
first stage of skidding stemsr dogs to the skidding route or after the second stage of
transportthat is at the depoBgewczyk et al 2012)

In central Sweden, for motonanual logging, differentiated processing method was found to
be recommendable for agronomical, economical,edficiency reasons (Bjoerheden, 1998).

Researchers suggest that it would be better option that firewood is skidded together with
roundwood what would causelew t r anspor t.,2808)st s (Kogir et

3.2 SKIDDING

Transport in forestry performs in twoages.The first is called primargransportwhich
includes all movement of logs or trees, after felling and processing, from the stump to the
landingsite

Primarytransportmay be performed bgnimalstracked machines (crawler tractors), wheeled
skidder, forwarder, harwarder, ame of several cable systgnor aerial logging systesn
Groundand standtonditiors arethe most important considerations to choose either of these
systems.

Different classifications have been applied all over the worldtéorain difficulty. For
example, Kantola and Harstela (1988) divided the terrain difficottyfive classes: level (0
15%), gentle (180%), moderate (360%), ste@ (5070%), and very steep (>%8. In
Bosnia and Herzegovinahe maximum slope gradierdcceptablefor skid trails varies
betweem5% and60%, depending on the equipment available.

The extraction of forest products froforest is a difficult, risky, expensive and time
consuming operation, especially in mountaig@reas. An important issue concerning forest
transportis the extraction of forest products without loss of quality witieeevalue ofog for
veneer productioandsawlogsusuallyis mostconsiderable

Kluender and Stokes (1996) found that grapple skidders were consistently faster and more
productive than cable skidders; however, grapple skidder has not been @gezhia and
Herzegovinayet. Harvest intensitystrongly affectedgrapple skiddingproductvity, but cable
skidding productivityin lesser extentThis was explained by the fact that tir@pple skidder

had to approacho the each stem individually, while the cable skiddemuld reachthem
without moving

Egan and Baumgras (2003) in West Mg, USA examined the relation among several
ground skidding and harvested stactthracteristicsThey found a direct relation between
skidding distance andycle time and an inverse relationship between percent of trees
removed in the stand and total ydime. The number of residual trees per hectare and
number of trees per hectare in the-pagvest stand were not significant in explaining total
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skidding cycle time. Skidding is directly cdraned by the number of piecaad maximum
volume per cycle.

A detailed time study about skiddingth Timberjack 460vas done by Wang et al. (2004).
They found that the skidding cycle time was mainly affected by payload size and skidding
distance. They also tried interaction between different variables in the different components of
skidding. Stand density, slope, ungiwth, soiland volumeper tree, and skidding distance
were the most important factors in winching and ground skidding. The cost of skidding is
typically the most expensive component in véhaiee harvesting operation aultectly
depends on skidding destce (Mitchell 2000).

Stand density increases the skidding time, but it concentrates the volume in one place and
therefore the skidder does not have to move around as much. Bespgrof skid trails can

reduce skiddingcosts by 38 and ground areaisturbed by 58 ( Appl yi ng reduc
2002).

Slope can be upll or, morefavorable downhill. The rule is to skid downhill to the landing
wheneveis possible. Skidding uphill should be avoided if possible.

Researchers have already suggested that better option wouldfiewibod is skidded
together with roundwood what would causeéow t r anspor t.,28080)st s ( Kogir

Mousavi (2009) compared the effects, economical efficiency and damages which beaur w
using the longree and shoitree harvesting method. Conclusion was that efficiency is higher
and unit costs lower when performing lettge method but also it is necessary that forestry
planers and workers should be extra trained in order to keiefeeély while damages are on
acceptable level.

Zel ialnd Mea(R0®F)examined characteristics of work and efficiency of a work team.
They established standard time for two tractors ranges betvge@hin/nt for distance of

150 m and 3.20 for distance of 650 m. Allowance time is made of parts of delay times
necessary for executing the work order. Allowance time is determined in order to establish
standard times and standard efficiencies and it is added on effective time in form of @lowan
time coefficient or in form of absolute value. Thestablished theoefficientsof allowance

time for tractorsl.29 and1.24.

Z e | and Krpan(2004) examined group work for felling, processing, skidding and quality
inspection activities in mountainousoadleaf thinning stands with approximately the same
terrain and stand conditions. The stands were 55 and 70 years old. Productivity was examined
on two groups. The first comprised of five workers (A) and the second of four workers (B).
The first group vas equipped wh two tractors and three chaaws while the seconased

two tractors and two chasaws as well as other necessary equipment. The effective time for
the cutters in felling ranged from &6to 429%, in finishing and measurement 21%, while the
effective time for the tractors ranged from.4%2 to 59%. The effective time per tree ranged
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from 362 to 377 minutes, i.e. per unit it ranged frond8 min/nt to 1291 min/nt. The daily
output achieved by the Ecotrac and Torpedo tractors at a distbB@@ meters was for group

A 20.77 nt/day while the optimized output was.82 nt/day. The output achieved by both
tractors in group B was 1256 m°/day while the optimized was 3@ nt/day. The average
performance per worker in group A wad® nt/day, while the optimized was.88 nt/day.

For group B the average performance per worker wiis®/day and the optimized wass8
m/day. The optimization of the groups lowered the unit cost of production (300 m distance)
for group A from 213 6 {td 66 2 Vi dndnfor group B from22 9 Ytd 184 1 1/ m
( Z e &nd Krpan, 2004).

Most of statistical studies on skidding operations indicated that skidding distance, piece size,
load volume, winching distance and slope of the trail impact strongly qrdbection of this

step of the logging procesSifaffariyanet al, 2013 Sabo and® o insy, 2005;Z e | et dl,

2005).

Skidding time per cycle is a regression function of skidding distance, winching distadce,
slopeof the trail and piece volume. The average net and gross productions8reni/h

and ¥.51 m’/h respectively Ghaffariyanet al, 2013). They found that the productivity of
processing, skidding and hauling increased when using the long timber methaldunit

cost of the long timber method in processing, skidding, loading and hauling is lower than
under the shomvood method (Mousavi, 2009).

Ghaffariyan et al. (2012) showed that increasing average load volume will result in lower cost
of extractionthus to reduce the extraction cost. They emphasized that it is necessary to use the
harvesting equipment with maximum working capacity. Also, theygested that increasing

load volume may increase machine repair costs, an aspect which requires further
investigation.

Average load volume of Ecotrac @\ skidder in selective cutting in beech dominantly stands
is 5.34 m? and consists 05.7 pieces in average with length of 7 m and volum®.68 m®
(Horvat etal, 2007). At the hilly working site the effectivéime was8.06 min/nT and in
selective felling the effective time w&88 min/nt. Daily efficiencyof 57.49 m*/day (100
500 m distancé can be achieved at the hilly working site. At the mountain working site the
daily outputof 48.53 ni*/day to %.54 n/day can be achievedrfthe same distance (Horvat et
al., 2007).

Total allowance time of the skidder Ecotrac 120Wtha hilly working site is 8.25% of
effective time anan mountain working site7195% of effective time. Respectively factors of
allowance time arel.34 and1.18. Coss were betweerB.74 and6.01  ( fomrpreparatory
felling and between.45 and6.05 (& ih mounting site (Horvat etl., 2007).

Bembenek et al. (2011) showed that mean overall operational productivity during extraction

with HSM 904Z skidderwas 3.5 m’/h, with the average tre@olume 1.8 m®. The obtained
productivity seems to be very good when compared with d.¢. h*h achievedby the
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Timberjack 240C in a mountainous fir stand when skidding very large trees @®tm®
(Sabo and P oUsipg ancable gkidde? LOEL FYrho in the mountain conditien
in 82-yearold fir stand productivity can readhl5 ni’/h (Porter andtrawa 2006).

Machine rate of Timberjack 240 C according to the calculation based on 1600 operating hours
peryearwas@89 U/ PMH. Wi th skidding distance of 25
work conditions is 2.0 m¥PMH (5.0 min/m®) with the skidlding costs of2.2 G /°m
Productivity depends on skidding distance ranges betw&@&nnt/h (50 m) and9.9 m%h

(400m). Skidding costs ranges froh6t02.70 /°fiSabo and Por ginsky, 20

Holmes et al. (2002) studied the productivity of a rultiverskidder in conventional felling.
They showed that the productivity of the skidder wa8® m/h and the unit cost wak99
USD/m*in Amazon forests in Brazil.

Behjou et al. (2008) investigatest#tidding capacity of the wheeled skidder Timberjack 450C
in Caspian forestsThe skidding cycle time and the travel loaded tiase well as cable
winching productivitywas primarily affected by skidding distances and winching distances
The interaction betwen skidding distance and theound slope was other major factor that
also influenced elemental times and productivity. Téyapty travel time was dominantly
affected by skidding distanc&he gross (SMH) and net (PMH) production rate they achieve
was betveen D51 mh and 2.93 ni/h for different skidding distance. The average
production cost considering the gross and net production rate was bé&t@e&mt and6.22
$/m°.

Due to combined use of skidders and trucks for primary and secotrdasportation of
roundwood, forest harvesting depends on a network of forest roads. Forest roads need to
reduce the distance and costs of wood extraction, and strip roads and skid trails to reduce
winching and mobility of loaded vehicles on mountainousie.

3.3 CHIPPING

Chippingof wood is defined as a procedure forest biomass processingo a form suitable

for use in power geneiah, and the need fdorest biomasshippingis based on enabling the
automation handling of wood chips, economical transport and easier drying and combustion
of wood chips G ungar, 1998).

Ra2i s@nen (@011 exhhnedrhe,amount of wood residues remaining after felling in
the stand andepadson the place of slicing othethinner side of the tree.

Westbrook et a). (2006) examined the addition of a small chipper to a conventional
harvesting operation in GeordidS). They found that the logging residues could be produced
for aboutthe chipper operating castWhen additional understory biomass was harvested to
supplement chipper production, the resulting forest biomass cost slightly more. An alternative
approach to handarrying slash is to use a forwarder to collect and trangpenpiles of
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residues A forwarder is basically a selbading offroad truck. Usually the load space is
defined by log bunks, although different types ofsban dump boxes have been usadore
efficient slash carrying While working, the forwarder drives tiough the stand collecting
biomass from the piles into the load space. The full load is driven to roadside and dumped or
unloaded with the crane.

Klepac et al (2006) evaluated productivity of a forwarder for slash fpansin western fuel
thinning. The averageproductivity 4.8 n?/PMH resulting in forwarding cost of about
$17bven dry ton The most critical functional specificatiar the forwarder is the payload.
Loose slash piles have low density making it diffidoltget a reasonable loaél.solid-sided

load box allows the operatop tpack material with the crandhere are also modified
forwarders with bunks that compress the load (e.g., Continental Biomass Industries Brush
Transport System), or with bunks that expand to increase thevébaighe. In any case, the
payload is defined by the load volume and the biomass density.

Biomass can also be chipped in the stand and then transported to roadside in some form of
chips carrier (referred tas terrain chipping in Europe€yhe most sophistated machine in

this class is the Vaimé01 Combi Bioenergy, harvester equipped with a chipper and a 27

m?® chips containergabout 4ATRO tones.

Wood biomass, ithe form of slash or loose stsjrhas a solid volume factor (ratio of solid
wood volumeto total volume) 00.15 to 0.25. Comminuted biomass in the form of chips
chunkshas aSVF (solid volume factorpf 0.35 t0 0.45, more than double the density of loose
slash (Johnsqri989).

Bundled materialhas a SVF approachintp 0.7. SVF is a critical factor affecting ¢h
productivity and cost of woobiomasdeedstock§Rummer, 2004)

In investigations of (Bjorheden and Eriksson, 1989; Hakkila, 2003; Talbot and Suadicani,
2005) three different chipping methodere comparedTheyare classifiecbn the basis of
place of comminution and chipping where a chipg®racteristiés very important.

Chipping systems are grouped in literaturetasainchipping methodchipping at the forest
road, chipping at the landing site acklipping at the terminal (Ranta, 2005; Cuchet et al.,
2004; Junginger et al., 2005; Johansson et al, 2006).

Chipping and transportation are the key processes for production and can be completed in
closedor interrupted work chains. Direct chipping in tartsportation machine requires larger
operating areas and results in operational delays of chipper (20% of the total work time) and
the truck. In mountainous areas the separation of chipping and transportation can be
appropriate and reduce costs by3%.Choosing the right chipper is crucial in projection of
chipping systentStampfer and Kanzian, 2006).
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3.4 TIME STUDY

Time study is one of most common practices of work measurements. It is used worldwide, in
many types of work analysis in order to deterntime input of time in the performance of a
piece of wql9l).(Bj°rheden

Empirical performance models are generally developed by collecting field data and testing the
statistical significance of any relationships with regression analysis (Sam86), IT%is
technique is used to calculeaa equation capable of representing the relationship between a
dependent variable (typically time consumption or productivity) and one & imdependent
variables (Costat al, 2012).

A time study is usually dan either as a comparative study, a correlation study or a
combination of the two (Eliasson, 1998). The objective of comparative studies is to compare
two or several machines, work methods, etc., while the objective of the correlation or
relationship studyis to describe the relationship between performance and the factors
influencing the work (Nurminen et al2006). Time studies can be carried out using
continuous time study methods such as continuous or repefitimegtor indirect work
sampling(Samset199Q Harstela1991).

Technical and economic utilization of forest biomass depends on various factors related to
terrain conditions, transport networks and harvesting technologies, as well as systems,
silviculture and forest opations management (Piocet al.,2011). Time studies are very
often used for the analysis of productivity of various forest biomass harvegstems
(Magagnotti et al., 2012; Picchio et &Q09;Savelli et al., 2010

Time study is defined as the analysis of methousterial, tools and equipment used in the
producti on pr2005)eosas tinle Geasuzefent dassificationdatdanalysis

in order to increase worsfficiency (Forest worknomenclaturel995). A detailed time study
is comprised of time consurmipn for each work element. This refeto determining the
influential factors, the time consumption, and the data collectiethod(Samset1990).

In a time study, all conditionspeeding up or hindering the progress of work should be
recognized. Thenvironment of the time studyerformanceshould be equal to the normal
forest work. All the workers should be awe of reasons dhe study as well as the metisod

They should be experiencad the forest operatiorstudying methods. The quality of
producton and the result should be clear and recorded because high quality work usually
takes more time. All conditions of work such as weather, terrain conditions,stypeeand

age of equipment shitd be well described

The time study starts with work set®n and all relevant data relating to conditions, methods

and elements of the activity should be recorded, and then the recorded data should be
examined to ensure that the most suitable method and teclareused. Choosing workers
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and training them fothe time study, planning the measurement procedure and measurement
technique should also be considered (Harstela, 1991).

Time studies not only measure time and production, but also identify time categories
according to the action. Total time recordedsubdivided into main time (productive) and
general time (unproductive). Main time appears in the production process and also includes
auxiliary times (e.g. fasten chain to log in skidding). General time that interrupts the
productive process is dividedto times for preparation and conclusion, maintenance, rest,
technical and personal interruptiodi@ommerciat i mber ¢, 2002

The ime study is a basis for the evaluation sysestablishmentThe results of time studies

have been usedo setthe piecerate and rationalizéa¢ he product j1®91; ( Bj °r
Nurminen et al.2006). Time study methods are used by public forest agencies in timber sale
appraisal and by companies that employ operation research staff or consultants, as well as in
determining thenputi element of productivity, in studying the factors affecting productivity

and in developing work methods by elimiing ineffective time (Harste]d991).

Thetime study can also be used for assessing the different harvesting methods for fieding t
most profitableone Accor di ng t o tid®swdy3slused for(firdlidgtie )most h e
economical way of doing the work, standardizing the methods, materials, tools and
equipment, as well as in assisting worker training to employ a newmethod. The
problematic aspect of time studies is that several wgidements are carried out at the same
time, for example,processing is done when the skidder is in skid trails or landing and
therefore it is not possible tously both of them simultaneously

Forest operations are dispersed across a large area thereby requiring several people to perform
the time study throug2hut the work site (Gon

In order to compare and apply the results of different studies, a time concept should be
identified. According to the Nordic Forest Work Study Council recommendations, time
concept includes total working time (moving time, chaoger time, workplace time,
interruption timeand meal time) and unutilized time. The main portion of total working time

is wark place time that is divided into productive time and delay times (Har$g93).

A new time concept was introduced by the International Union of Forest Research
Organization(Forest work nomenclature, 199%)jigure J. In the concept, total time includes
work place time and nework place time. Noworkplace time isa portion of total time that

is not used for the completion of a specific work task like traveling and resting away from the
work place. Work place time sportion of total time that a production system is engaged in
during a specific work task. Work place time is divided into productive work time and
supportive work time. Productive work timeagortion of work place time that a production
system is direty or indirectly involved inwhile completing a specific work taskd@rest work
nomenclature, 1995Work place time is divided into productive work time and supportive
work time.
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Supportive work time is portion of work time that does not directly addite completion of
the work taskput is performed to support iipr example, preparation of work, service time
for repairing the tools and refuelingdrest work nomenclature, 1995

Total Time (TT)

Non-Workplace Time

(NW) Workplace Time (WP)
| |
NonWork Time (NT) Work Time (WT)

. ) Productive Work Time
Disturbance Time

Work-Related Time (WD) Main Work Time (MW)
— Meal Time (ME) Com[:_;_litrenn;epé%\r’)g ok
b | Restand Personal Time b | Supportive Work Time

(RP)
mm | Interfence Time (IT) = Preparatory Time (PT)

Planning Time (PL)

Operational Preparatory
Time (OP)

— Service Time (ST)

Repair Time (RT)

Maintenance Time (MT)

Refuel Time (RF)

b | Ancillary Work Time

Figurel: Time concepts according to IUFRO recommendatiéosgstwork nomenclature, 1995

Productive work timgPWT) is a portion of work time that is spent contributing directly to
the completion of a specific work task, typically occurring on a cyclic basis (also direct work
time).

Supportive Work Time (SWTis a portion of work timenot directlyrelatedto the completion

of the work task, but is performed to support it (also indirect work time).

Ancillary work time (AW)is a portion ofsupportive work time used tperform ancillary

work functions that allow th&ork to continue in the productiogystem; such as assisting
another machine or worker, bladi skid trails, layindooughs in wet spots, etc.
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Production rates are based upon estimates of average output per unit of work time. Work time,
often referred to ascheduled mzhine hours (SMH) is divided o productive time and nen
productive timgWenger, 1984)

Productive time isa fraction of time that is actually spent producing output. It is often
measured as productive machine hours (PMH). It is the toeet y a machine performing

its primary task as well as time spent on support tasks. Short periodic delays that cannot be
easily separated from production activities as refueling chainsaws, or short road changes in
cable yarding are lumped into productitteme. Productive time is often referred to as the
effective hour

Non-productive time isa fraction of time that is spent changing landings or in some other
form of delay such as scheduled maintenance, unscheduled maintenance or miscellaneous
delays. Scbduled maintenance covers regular servicing and replacement of parts, lines and
ringing.

Time measurements are done by using either direct or indirect methods depending on the
required accuracyln direct timing, the time for each work elementnieasured with a
stopwatch or a handheld computer. Direct timing can be classified as continued timing and
repetitive timing. In continued timing, the time is recorded continually and the elements are
the differences between recorded times. In repetitiveng, the recording of very short
elementary times is possible through applying snap back timing (Saarilahti and @2

The stop watch is snapped back to zero at the end of each time element (Saarilahti and Isoaho
1992). Repetitive timing is morsuitable in the time study of harvestjrespeciallymotor

manual felling and processing (Sarikh&001).

Continued timing is a very time consuming pro¢essjuiring many calculations, but it is
more flexible if any mistakes happen during the timestWsuallyit is done by hand held
computers Indirect timing is used in forestry for predicting time consumption of different
elements. It is used in the case wiltbare are a lot ofvork elements which are repeated
frequently. Duringwork samplings the person conducting the study observes what the
machine or worker is doing apecific points of time. Theseomts are separated by either a
random or a fixed time interval. The large advantages with work sampling are that elements
of short duration can bstudied.Anotheradvantage is the possibility to study more than one
worker or machinsimultaneouslyf Go n z2905e z

Methodologically, there are two different types of time studies: correlation studies and
comparative studies. Correlation studies doae to establish relationships between the time
consumption for the work task and the factors influentnegvork (Mousavi, 2009).

Samset (1990) found that correlation studies emphasize how time consumption varies with the
differenceof influencingfactors. In order to determine the variation of factons research
areasmay be consideredne with small dimension and the other one with large dimensions
(e.g. with easy and difficult conditions). The objective of the correlation study is to describe

24



Mar|l eta D. Comparison of technoltangs. es of wood bi omass
Doctoral dissertation. Ljubljana, University of Ljjdnha, Biotechnical faculty, 2015

the relationship between perforne@ and the factors influencing tiverk (Bergstrand1991;
Nurminen et al.2006).

Comparative studies compare the time consumption or piweitydbr different equipment
andwork methods used to perform the same work task. They are usually done to evaluate the
performance of new equipment or work methods compared to the prevalent way of doing
work. According to Samset (1990), in order to compare two methods or machinadyrait o
conditions in the research unit (e.g. stands) but also other factors including tree shape,
dimension, stand density and terrain should be similar. However, the normality around the
average should also be considered as an important factor.

Harsteh (1991) found that the comparative studbyectiveis the assessment of the impact of
different conditions on productivity, when the other influencing factors (e.g. workers) are
almost fixed. The basic statement in comparative time studies is that #twerdime
consumption by using different working methods and conditions is constardcasdnot
dependof the worker.In a comparativéime study, the same workers shoulddoeployed in

both workng methods being compared or in varying wagkconditionsif the aim is to study

the influence ofactor conditioron time consumption (Harste®993).

Inthet i me study it i's necessary to eliminate
especially when different methods are carried out in different plagedifferent workers
(Samset 1990). Therefore, normal (average) workers should be evalfAmda et al.,
2012) Two relevant issues related to workers are training and motivation. Vocatainaig

is very important irwork progress. According tblarstela (1993), a propavh of variance of
more than 5% between productivities can only be tharexplained by work condition
factors. The main part of it is most probably explained byoferatorskills and motivation
(Harstela 1993). In order to evaate the workerthe time consumption for performing an
operation should be compared with the standard time. Standard time is the time required
the workto be done by an average, qualified worker. Standard time is a sum of basic time,
relaxation allovance and contingency allowance, including unavoidable delays (Harstela
1993).

Basic time is observed time multiple rating. Rating means the subjective estimation of a
performance in relation to staard performance that dependdiuéworker quality(Harstelg

1993). For instance, if th@ o r k work@aseis estimated to be 20 higher tharthe average,

the performance rating 62 (Harstela 1993). If the rate is higher than the average, it may
show the workers are trying hard to get paid more orati is not accurate and this level of
wor k may be har mful to the wo/[2R04)r Ifothe workera | t h i
spends more time to perform an action than the average worker, it means that they need more
training to reach the requirddvel or the tariff may not be accurate (Sarikh&t01). In

general, rating is difficult task In this way, economic speed has been defined to illustrate the
aim of rating and to determine an effective speed (Hardt@%s8).

One of the main problent work studies is how to produce results which can be generalized
(Harstela1996). Due to practical and economical limitations to study the whole phenomenon,
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a sample is used as a representative of the whole population. The sample should be
sufficiently representative with the measurements being reliablmwah aspossible. In a

small sample it may not be possible to generalize the results. If the reaohstbe
generalized they will havigtle scientific value

Samset (1990) found that the numbérobservations required depends the variation of
influencing factors. He felt that at least 10 observations should bectedidor eah of the
influencing factors when the variation is large. The issuaesiult generalizatiorrefers to
different working conditions, equipment and tools, as well as workers.

Harstela (1996) defined internal and external reliability as two important concepts in
generalization. Internal reliability emphasizes data collection, tools, techniques, and precision,
in additionto validity of the model. On the other hand, external reliability focuses mostly on
the results. It determines how much the results are representative of the whole population.
According to Harstela (1996), techniques, including choosing the standardttidye and
performance rating (normal worker), comparative time studies, and large amount of statistics,
are possible solutions for generalization (Harste386).

The main application of thiame study is in calculation of productivity. According to Hafat
(1993), productivity is the ratio between output (volume of wood) and input (time
consumption or fund). One of the most important issues in appraisal of productivity is how to
bring factors like weather conditions and operator motivation into thelatidou One way is

to assume all the factoshouldbe fixed, repeating the study or making use of a simulation
model (Bergstrandl987). Simulation models help us fiad out how productivity and cost
change in different conditions, differemtachines andifferent methods

3.5 COST CALCULATION

The cost calculation for different work phases is one of the most important parts of the work
efficiency evaluation (Kantola and Harstelal1988). Logging costs are calculated for
determining the wood price amgsts in production management, for planning and budgeting,

to determine the right level of mechanization, and to compare different logging and transport
methods. Cost calculation is also used to find the optimal phase, economically, to replace the
machine to establish piece work and bonus rates as well as to determine the pitgfitdbil

the operation

Costs are classified by fixed costs and variable costs. Fixed costs are constant over a definite
period and thus independent of the productexel They will continue whether or not any
timber is harvested. They include most of overhead costs and capital investments. Variable
costs depend on the productiamount The costs of fuel, lubricants, service, maintenance,
repair and wages increase in relatiormachine cost (Kantola and Harstdl@88).

Costs may be divided into labor and machine castbor costis comprised of direct wages
and fringe benefits including annual leaet;. (Kantola and Harste]al988). Machine costs
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are morecomplicated than labor costEhe higherthe machine purchase price is, thigher
themachinehourly costgets

Annual work capacity determines the size of the madhaseed to be purchased. Machine
times include scheduled-shift time (SMH) and saduled out of shift time. SMH is broken
down into productive machine time (PMH) and machine down time due to service and repair
andnontechnicaldelay (Kantola and Harstelh988).

Mechanical availabty and machine utilization aresed to show thenachne efficiency.
Machine availability is the ratio between productive machine hour and sum of productive
machine hour and maintenance time. Mechanical availability is mainly dependent on the
machinereliability.

Mellgren (1989) concluded th@ orderto improve thecomplex machine availabilitythe

number of componentias to be simplified and reduced andifbe mean time between
failures of the componentsas to be increasday using higher quality materials or through
derating technique@ncreased inensions, lower hydraulic pressures, lower engine rpm, etc.).
However, the use of derating techniques may mean a weight or cost increase. That is why the
designer has to compromise between high reliability and low weight otaceshievethe

goal of deggning reliablemultifunction machines

Technical weakness of tlmeachine and unskilled operatofluences the machine availability
(Kantola and Harste]al988). Machine utilization indicates the machirediability and
operational efficiency of usinidpe machine.

Machine utilization is derivedrom dividing the productive machine hotlry scheduled
machine hour. Machine utilization rate is always less than machine availability (Harstela,
1993).

Since the machine and o pimee itis mecessary ta estgnate theh a n g €
uncertainty regarding the changes. Uncertainty by word means lack of certainty which is a
state when there is more than one possible outcome available for an experiment. So the true
value cannot be achieved, however @spected value can be measured by assigning
probability to each outcome. Uncertainties in parameters such as price of services and
equipmentvary by time. The sensitivitgnalysis of uncertainties is used for predicting the
dependent variabl@.g.unit cost) in a case wheserviceand equipmenpriceschange

Brinker et al, (1989) synthesized available input d&tam literature equalizel them and
published collection of machine workost calculationgor selected machines in the logging
processwhosesecond edition (Brinker et.aR002) except for the direaewermachinework

cost calculationsontains very useful information about changes in calculative direct costs of
the machine work for comparable models of machines in a tvwelaeperiod.
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Turk (1977) published the second edition of the manuami@chanical worlcalculationby
the modified FAO method adaptémlcontemporary conditions in local foresti/inkler and
associatereissued calculations (Winkler et al., 1994).

3.6 DAMAGE ASSESSMENT

Damages which occur in the stand during felling and transport depend on harvesting system,
density of forest roads, terrain condition, etc. That is showedsiveralstudies Do | ¢ § a |
1984 Sabo, 2003Ko gi r, 2000) .

During the harvesting, especially whennching and skidding, the residual stand is always
damaged. Residual stand damage includes damage to the stem (scarring or removal of bark),
crown (breaking), and root (exposed). The extent of damage is highly relatedrethods

used. Ground skidding with skidder, used in primary transportation because of the low cost
and high efficiency, is highly damaging residual stand and forest soil (N&§i(d).

For posing harvesting assessment of a logging operaiiois, importantto getan accurate
measure of residual stand damage (Stephen and, @@8F). An application for residual

stand damage study occurs when different harvesting systems are being compared for their
ability to decrease damage to the residual stand (Stephen angd10gaiy

Damage tahe residual stand has been reduced siifly through the low impact logging
introduction in developing countds For e st har v;eRsetdiurcgeéd, 1 ImpR& t é ,
Appling redGaramdeér c i2@I10 2t; Enmrorenengally sécutelQ 2 2)0 0 2

Using techniques, such as ffrarvest inventorypre-harvest planning of roads, skid trails and
landings, as well as appropriate felling and processing techniquésdhiasa reduction in the
level of damage to the residual stand (Sist e8b8).

Hendrison (1990) pointed out that dama&g#he residual stand can be minimized by means of
better timber harvesting planning and proper harvesting operation techniques. Ostrofsky
(2001) found that rotation lengths, cutting period, type of equipment used, operational plan,
and operator skills inflence the residual stand dameagel also stand qualityOne of the

most important points about damage to the residual stand is the severity and frequency of
damage. Any damage to the bark may result in injury to the cambium or sapwood which can
be graded adeep or light injury (Stephen and Cral®97).

Serious damages to the residual stand can affect the income @irdés&yf industry, forest
ownerand future crops. This type of damage can result in the death of the tree or volume
losses due to decay &d and Kellogg2000). Although damage to the residual stand due to
the felling operation is considerablé has been proved that ground skidding is one of the
most important phases of wood extractoagsideringdamage to residual stand (Vasiliauskas
1993).
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In a studyof Meyer et al. (1966) skidding damage to the residual stand has been compared for
an articulated rubbeired skidder using two different methods: log skidding and tree length
skidding. The study found th#lhe damage to the residual stan the treelength skidding

was higher than thieg skidding.

Different criteria and parametease usingor reporting damage. For example, Bettinger and
Kellogg (1993) described the damage in terms of percentage of damaged trees by species,
total scar area per hectare, and percentage of scars in three scar size categories by species.

Lamson et al. (1985)ysed number ofrees perhectare destroyed, percent of residual basal
area destroyed, bent over or leaning, broken crown branches, and number of trees per hectare
with exposed sapwood wounds on the tree bole or root, due to the logging operation.

Fairweather (1991) used basal area by species and percent of basal area damaged. Damage
may be reported in more detail such as diameter, species, and type of injury and interactions
of them such as species by diameter classes (N&f@5).

Damages mawlso be reported by type or severity of injuries. Injuries to boles and roots can
be classified into five classes: none, light, moderate, and severe and broken over (Meyer et al.
1966). Uhl and Viera (1989) classified injuries to trees into four clagseg:hard, broken

crown, offing roa, and barking off A thorough, 10&ercent inventory of damage to the
residual stand gives accurate rate of damage; however, sampling plots are used mainly to
determine the damage as a result of attempts to save bethrnircosts.

Lamson et al. (1985) studied damage to residual standodoartesting in 12 ha of forest.
They used 22 randomly distributg@00 nf) sample plots. Alktudiedtrees inside the plots
were classified into four groupscluding rooting off trees, barking off, leaning of trees and
broken crown. Bettinger and Kellogg9@3) used 35 randomly locatd@®0 nf sample plots
which represented 2b of the total stand area. They founf.8%6 of the residual trees
sustained soméamage

Han and Kellogg (2000) studied damage to the residual stand using four sampling methods
including systematic sampling, randomly plot, systematic transect method, and sampling plot
along skidding trails and cable corridor. The results showed thagytematic sampling

result is closer to a 100 inventory. Because residual damage evaluations are done for a
variety of reasongjo single sampling strategy applicable for all objectives. However, it is

still possible to construct a good, general puepsisategy which can be widely applied to a
large number of applications (Stephen and CrE9§7).

Timber harvesting is performeskveraltimes during the rotation ped and, consequently,

damage tdhe residual stand accumulates and tends to reach asantctal number of trees
( K o @ndQedilnik, 1996)
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K o g(2008) studiedtree damage in a remaining stamging twomodels for assessment of
stand damageduringthe entire production period. Damage accumulates on the trees and in the
stand, which is why the total share of damage tends towardisnih@00% if the number of
thinning increases. Motemanual and cuto-length technologies wereanalyzed and
comparedaccording to the total number of damaged trees and the structure of trees according
to the number of injuries. It was found that metasinual technology causes more damage to
trees and results in worse tree structure, meaning more than one injury.

In sone another research different typessbkltewood system and group selection forests

were studied to discover the extent of d ame
manual cutting and mainly tractor skidding were included. The whole research area was
regenerated on average 31%, of which 21% was damagdadher density of designated and
undesignated skid trailgas foundon larger regeneration areas.

Damage to young forest and damage to remaining productive stands were compared. In this
respect the whole rotation period was divided into three time intervals, the first of which
designated a mixed pattern of young forest area and younger phases @oonnercial
thinning, in which the last of the old mature trees are removed. The second phase is a mix of
currently productive stands and some young forest, in which the first and second commercial
thinningbegin, until the final stage, in which young fdreecomes increasingly abundant and
perspective. In the last period, damage to productive stands is high (around 70%), since they
have accumulated over a long time period. The fact that better forest stand opening with skid
trails means less damage to yguiorest, but slightly more damage to mature stands the
conclusionis that the abundance and position of young forest patches should dictate the
density and position of skid trails.
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4 MATERIAL AND METHOD
4.1 RESEARCH PROGRAMME

Researclprogramme bstudy is presented in FiguPe More detail explanation of programme
is in the next chapters.

Input data
7 N
Assortment method Half-tree length method
Sample plots A1 (500 x100 m) and B1 (500 x100 m) Sample plots A2 (500 x100 m) and B2 (500 x100 m)

\] \
- Felling, ( - Felling, \
- Processing in the forest, - Partially processing in the forest,
- Skidding of roundwood, - Skidding of halftree lengths,
- Carrying out of stacked fuelwood, - Carrying out of stacked fuelwood,

- Final processing at the forest landing site,

- Stand damage measuring.
- Stand damage measuring,

) - Chipping on the forest road.
Vi
Methods
v/
4 p

- Time and work study,
- Data analysis (Descriptive statistics, Regression and correlation analysis)
- Cost calculation

Results
\/
( - Determining of influence of different factors on the working process \
- Regression models
- Productivity
- Machine and laborass
- Unit costs

- Quantitative ad qualitative biomass utilization
- Damage assessment

v

Conclusions and Recommendations
\/

- Comparison of productivity and cost effectiveness between two harvesting methods,
- Comparisa of biomass utilization between two harvesting methods,

- Establishing of wood residue amount,

- Residual stand damage discussion

- Suitability of chipping with recommendations for further improvement

- Further opportunities. )

Figure2: Research programe
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4.2 STAND DESCRIPTION AND STUDY SITES

Investigation was conducted in the northern part of the Republic of Srpska in the area of
municipality Ribnik(Figure3).

Figure3: Location of research area

The terrain was mountairous winter period without or with minor amount of snow.
Temperature varied from® 7 AC. S a mp Iplacedm ltwm ttanpavireent®8 (A)
section a M.U. "PotociR e s a ra'band®5 (B), section aM. U. -P &lf @igure4 and

5, Table3).
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Figure4 and5: Compartments 65 and 98.

Altitude varies from 690 m to 1230 m. In compartment 98 is the forest of beech and fir with
spruce on a series of limestone, predominantly deep soil but the beech is very dominant and
was subject of investigation. In compartment 6%his high beech foregin predominantly

deep limestone and illimerised soil. Management system is g&aptive in both
compartments. Average diametertiifesmarked for felling is 21 cm in compartment 98 and

35 cm in compartment 6%Vhen choosing compartments it was tak&o consideration that
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stand conditions anfirest infrastructureharacteristicsvould beaverage that is prevalent in
beech forests in Republic of Srpska.

In each compartment 2 sample plots i.e. work fieldse selected, (Al, A2, B1 and B2).
Sample plotsvere selected in theays that haveas much as possible similar stand and habitat
conditions.

Table3: Research object description

Stand description Felling site A- Sample plots A1 and A2  Felling site B- Sanple plots B1 and B2

oOomas s

Method
Compartment
Altitude
Inclination
Exposition
Geologic surface

Climate

Stand

Canopy
Management system
Growing stock

Cutting intensity

Average diameter of marked
trees

Regeneration

Al - assortment; A2 half-tree length

98 section a
M.U. PotociResanovaca

9701150 m
1530 A
S-SE

Limestone, medium or deep rocky land

Mountain, humid

GK 1210- The forests of beech and fir
with spruce on a series of limestone,
predominantlydeep soil. RiceaAbieti
Fagetun)

Dense Q.7)
Groupselection
513.72 nf/ha
14.53 %

21 cm

Medium dense

B1 - assortment; B2 half-tree length

65, section a
M.U. SisaPalez

690-1230 m
1530 A

W-NW

Limestone and dolomite, medium or dee
rocky land

Mountain, humid

GK 1114- The high beech forests on
predominantly deep limestone and
illimerised soil Fagetum montanum
illyricum)

Dense (.8)
Groupselection
343.74 nf/ha
20.94 %

35cm

Medium dense

Actually plots diffeedonly by felled tree diameter and harvesting method. In this wagst
isolated as much as possible factors in order to compare technatogiese reliablevay.

4.3 WORK ORGANIZATION

Ontheeach sample pldhere wasuttingwith chainsawand skiddingvith LKT 81T skidder
In orderto avoidthe skiddingtrails position influenceposition of each work fieldvaslinked
to the skiddingtrail. The research plotsvidth was 100 m.Length of the each work field

(sample plot) was00 m.

Skidding distances the distance from the landing sités the place where loag formed
Skidder is not allowed to geif the skidding trail. In this experiment, because each sample
plot was linked to the one skidding tramhaximumskidding distance was from the landing
site (truck road) to the end of the sample pfoianding sie was formedat the end of the
each skidding trail included in the research
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Winching distances the distance on which skidder wineslogs with the cable mounted on
the winch. Usually skidder is positioned on the skidding trail and esidgs from the sle

to the trail where loats formed Winching distance depdaon thecablelength Maximum
cable lengthon the winchwas 60 m, but maximum winching distance did not exceed 50 m.
Skidder was equipped with two drums winch with two cabtekidding distance was
estimated as arvarage distance of the each laghe load

On sample plots A1 and Bhe assortment harvesting method was performed, where cutters
cut trees with chainsaw and tree processing was done at thé&/sitang groupconsised of

two cutters.Technicaland fuelwood roundwoodssortmentsvere made and staked wood
(fuelwood) was produced and piled. Fuelwood was médam thinner part of stem and
branchesAssortmentsvere skidded on the forest rogthnding site)with the skidder LKT

81T.

On the sample plots A2 and Bi2e half-treelength harvesting metid was performed where
cuttingtrees, delimbing and partially buckimgeredone at the site. Stem stayed whole or cut
on the transport lengths to allow easier skidding. Stacked wood was made only from
branchesAfter that a part of the stemwasskidded on the landing site where processing was
finished.

Cutterswere in groupf two. Both of them were licensed cutteWhile one of themworked

with the chainsawthe other wasan assistantThe asistantwas equipped with the exand
worked onoperationdike cleaning thevork place, movindgranches awagnd collecting and
stackingthe stackedvood. After a half of working day, theywitchedroles. This is typical
organization in local forestry. Switching of role is important because of ergonomic aspects.
There is limitation that one cutter should not waevikh the chainsaw more than 4 hours
during one dayAll work was performed by the same working group in order that
influence ofworkers skill and devotionvasavoided.The workers are electeith the waythat
annual productivitysheets from all cutters employed in Forest Management "Ribnik" were
compared andhe group with averageproductivity was choseand consultations with their
supervisors were magdén order to include their suggestions in werk selection They
worked wih professional chainsaw Husqvarna ZP2 Skidding group was selected in the
same wayand consisted from tractor driver and chegetter.

Chipping was done at the landing site. Subject of chippinglerasand stackeduelwood
and residue which left after processimuring time studythe time consumptiordata were
cdlected and wood input and chijpsitput were measuredThe way of measurinthe fuel
consumption of chippewas filling the chipper fuel tank to the top tathe beginning of
chipping andrefilling it again afterthe chipping was donelThe anount ofrefilled fuel was
measured. Water content in logs was measured with theVW@H 3 hygrometer at the
moment of chipping. Several measurements were done on epahdaan average value was
calculated.Water content of the woodas implied as water content of the chips. It was
assumed that chipping process had no influence on water content.
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Wood input was measured before chippargd wood chipsvas measured in the transport
container after chippingrhe conversioroefficient from solid wood volume into loose chips
volume was calculatkin that way.

44 DATA COLLECTION
4.4.1 Time study performance

Aim of the time and work study was collectindata which were used for calation of
productivity and costof cutting and skidding of wood in comparable conditions on the
sample ples fortheassortment anthe half-treelength method.

Cuttersproductivity was investigated by time and work stmdlg t hod ( Bj °r heden e
Acuna et al. 2012 Time was divided into work operations. Time consumptions for work
elements were measured by continuous chronometry method and records. The distance
between marked trees was measured by measuring Nigrking of pgace for assortment
buckingwas done by forest technician employed in Forest ManagdimBnt b n i wiasenot

thesubject otthetime study

After that, stem or parts of the stem were skidded on the forest road where processing was
continued. Skidder performance was investigated by time and work study method also
(Bj °r heden Acara etall 2012 The digtamce of unloaded and loadenye were
measured by measuring tape, slope gradient was measured by clinometers and the load data
were collected by measuring the diameter and length of each piece of roundwood.

Processing at the landing site was done by cutters who were in groups of two workers.

Carrying out of stacked fuelwood was done with the animals (horses). This was not Ipart of t
time study buit was included in productivity and casdlculation on the basif the standard
time projected in the official planning documents for compartments 98 and 65.

When data were collected the influence of different variables on the all phases of
technological process was examineé#tatistical methodswere performed (Descriptive
statistics Multiple Regression and Correlation analysis, aisiphgStatisticalO software.The
correlationstrengthwas defined according to Roemé&r phal 6 s s cRogmsky,( Sabo
2005).

A preliminary investigation was conductedfore the start ofthe official datacollectingin

order to make structure of working process and prepare for Woekminary investigation

was performed where several days investigator observed working process, harvesting,
skidding and chipping imrder to make working process scheme by workingaifmers. Test

data collection was done and recording sheets for data collection were made
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A caliper anda measuring tapavere usedfor measuring of wood dimension. For time
consumptiordata collectionchronomete(stopwatch)was usedFor skidding and chipping
shapbackchronometry was usedhe distance of unloaded and loadkt/e were measured

by measuring tape, slope gradient was measured by clinometers and the load data were
collected by measuring the diameter and length of each piece of roundwood.

Data collection was performed during 2012 and 2013 yeald data collectionpgether with
preliminary investigations and damage assessment lasted 69 working days. During that period
318 treeswere felled and processed and 113 skidding cycles were rDadal review of
collected datas in the chapter 5.

As a basidor preparingof structureof working time IUFRO time concept was used, which
was modified tasome extentor purpose of tts investigation.

Work time of cutters was divided tim productive work time andllowancework time.
Productive work time consistef moving, work placepreparation felling, delimbing,
processingfuelwoodproductionand stackingAllowancework time consists ofreparatory
final time, organizational delay, technical delay and personal deigyré6).

Work time
|
| | |
Productive work time Allowance work time
Moving Preparatoryfinal time
Preparing of work place Organizational delay
Delimbing Technical delay -
= Processing Personal delay o

p Production of fuelwood

- Stacking of fuelwood

Figure6: Structure of workime for cutters

An 8-hour working day was measured by time study. The complete work process was
measured by working operations. All interruptions walso recorded. Other collected data
were diameteat breast height of felled treediameter and length of all assortments produced
and the stacked woodamount Wood classificationwas done according to currently valid
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standards in Republic of SrpskdUS D.B0.022 JUS D.B4.0P; JUS D.B5.023 JUS
D.B4.029.

Main variationin work of cutterdn theassortment and halfee length method was the fact
that inthe assortment method alNork operationsvere done in the forgsbn site butin the
half-tree length method work operationg to processingpart of processingvas done in the
forest) weredone in the forest and all other work operagianthe landing site, after skidding.
Producingand stackingf stackedvood (traditional fuelwood)n the half-tree length method
in the forest was done from the brancloedy. Remainingfuelwood was produced at the
landing sitein theform of roundwoodafter skidding

In the assortment methgdinal assotments were skidded and tihe halfi tree length method

whole sters wereskidded whert was technicdy possibleorthest em was cut on i
| e ngt bralleeasiar skidding. Decisionnoplaces and number of cuts wamde in
accordance with the position of the stem toward skidding asjtion of other standing

trees, density regenerationstrain etc.

Work time of the skidder was dividadto productive work time an@llowancework time
also.Productive work time consists :oémpty drive, pulling out of cable, hooking, winching,
load forming, loaded drive, unhooking dnland stacking Allowance work time consists
preparatonyfinal time, organizational delay, technical delay qrersonal delay (Figufd.

During the time studyperformance,severalothe factors wereevidenced alsotemperature,
terrain inclination, expositiorprecipitation, etc.
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Work time
]

Productive work time Allowance work time
Unloaded drive time Preparatonyfinal time
Pulling out of cable Organizational delay

Hooking Technical delay
Winching Personal delay

Forming of load

Loaded drive

Unhooking

Decking

Figure7: Structure of workime oftheskidder.

Data collecting regardingwood chippers was done at the landing site and from other
investigationsWood chipping was done with different chippers. Data which contat be
collectedin the fieldwere taken from dier sources.

4.4.2 Damage ofresidual stands

After cuttingand skiddingdamagesvere evidencedn all sample plotdVleasuring was done
on alldamagedrees above 7 ciBBH. Total survey wasahe and different parametersnee
measured:

Height of damage;

Breadth of damage;

Height of damage on the tree;

Distance from skidding trail;

Distance from the landing site;

Tree species;

DBH of damaged tree

Other remark¢damage occurred from other, unknown reasons; existaic®me
obstaclesn the stand.etc.)

< <LK<LK<LK<LKLKKLK KL
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45 MACHINE DESCRIPTION
Chainsaw

Cutting was donewith the professional chainsaWusqgvarna372XP. Characterigcs are
presented in the Tabtke

Table4: Characteristic oHusgvarna 372P

bi

Characteristics the engine

Displacement 4.3 cu.inch [/

Output Power 5.3 hp(l) / 3.9 kW

Speedidle 2700 o/min

Maximum speed 9600 o/min

Bore Cylinder 1.97 inch / 50 mm

Stroke cylinder 1.42 inch / 36 mm

Ignition system SEM AM50

Spark plug NGK BPMR7A

Spark plug gap 0.02' /0.5 mm

Carburetor HD68

Fuel tank capacity 1.62 US pint/ 0.77 litre

Fuel tank oil 0.84 US pint / 0.4 litre

Oil pump Adjustable flow

Oil pump capacity 4-20 ml/min
Cuttingequipment

Chain step 3/8"

Guide bar length, min-max 15"-28" /3870 cm

Chain speed, max 70.21fts/21.4 m/s

Dimensions
Weight (excl. cutting equipment) 13.4Ibs./ 6.1 kg
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Ky B J :
ttHusqvarna 37XP

SR VS
Figurel(Q: Crosscutting wi

Skidder

Skidder used for the investigation was LKT 8I, Slovakian forestry cable skidder.
Characteristics aheskidder are presented in Talsle

Table5: Technical baracteristics othe LKT 81T skidder

LKT81T
Total weight (kg) 7145
Max. Speed (km/h) 30
Engine power(kW/hp) 72.25/9%6.82
Engine manufacturer DS Martin
Engine type Z 8002.138
Number of cylinders 4
Cylinder volume (cmj) 4562
Max. fuel consumption (I/h) 17
Max. oil consumption (I/h) 0.072
Cable length (m) 60
Cable diameter (mm) 14
Fuel tank capacity(l) 70

Figurell: Work site with LKT 81 skidders
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Wood chippedescription

Wood chipping was done with the Jenz HEM 700 and Pezzolato PTH 1300/1500. In
calculatiors Jenz HEM 561 DQvas also includeth order to cover wider range of chippers
by the capacity Characteristisof chippers are presented in Table

Table6: Chippers characteristics

Chipper Jenz HEM 700 Jenz HEM 561 DQ Pezzolato PTH 1300/150(
Max. input diameter (cm) 70 56 90
Woodchips output (loose m/h) 160 120 260
Engine power(kW/hp) 522/700 360/482 858/1150
Fuel consumption (I/h) 60 45 80
Feed width (mm) 1000 1000 1200
Feed height (mm) 700 650 900
Rotor diameter (mm) 1040 820 1500
Number of blades 10 10 2
Total weight (kg) 17500 13300 33000

Figurel2 Jenz HEM 70@ndPezzolato PTH 1300/1500
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Truckand cranelescription

Truck usel for feeding of chippers was Mercedes Actros 2654 with Palfinger Epsilon 120Z
plus crane (Tabl@).

Table 7: Truck and crane description

Truck Mercedes ACTROS 2654
Load capacity (t) 27.5
Engine MercedesBenz OM 502 LA turbocharged/intercooled V8
Engine power (kW/hp) 395/537
Maximum torque 2.500 Nm at1.800 rpm
Fuel injection Single unit pumps with solenoid valve controlled injection
Turbocharger Twin turbocharger
Transmission G 240- 16/ 11.7- 0.69, 16 speed syn(;hromesh wittelligentE  E 1l ect
Gearshift 11
Number of cylinders 8
Cylinder vol 15928
Fuel tank Capacity (I) 385
Crane Palfinger Epsilon 120 Z Plus
Lifting moment (kNm) 111
Slewing torque (kNm) 28
Slewing angle (degrees) 425
Max. outreach (m) 9.6
Operating pressure (bar) 260
Weight (kg) 2080

5

Figurel3 Mercede ACTROSS 2656 with Palfinger Epsilon 120 plus crane
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4.6 WORKING OPERATIONDESCRIPTION
All activities from felling to deliveringwvereclassified intoseveral working operations.
4.6.1 Moving

Work operationMoving is the operationduring which working group (cutter and assistant)
walks from one tregwhere they finished the worko another marked tee During thatthey
carrychainsaw and other support equipment. Usually theyeralmng cutting fieldvhich are
markedwith the redcolor lines on the standing trea@s the standCutting field is an area
where one cutting group is workinghe cutting field width should be equalo the double
height ofthe average tree ithe stand. Cutters stdirom the landing site and mowphill,
cutting tree by tree.

4.6.2 Preparing of work place

Preparing of workplacstartsat the momenwhenworkersreach to the next treend finish
whenFelling starts This operatiorincludessettingof chainsaw into operaticandworkplace
cleaning. Workplace is cleandtbm all obstacles which could hinder fellintike rocks,
regeneration, etéA cutter andan assistanfare both engagedn this work Also within this
work operationshaping of stem base is dorieecause irregular stem base could obstruct
directed felling. Decision in which direction tree should fallalso made. This is very
important for safety.In forestry practice there are two felling direction, general and
individual. General felling direction is projected in the technological map of felling area and
is based on the terrain shape and position of skidding trails. Individual felling direction
depends onhe position of each tree in the stand toward othes treegenerations, obstacles
and other factorswvhich could influence the felling direction. Cutters are allowed to change
general felling direction for individual tree if they have reasonable expdankke safety
regeneratiorpreserving etc. Technological map is created in scale 1:5000 or 1:2500 and in
the ma are drawrskidding trails, landing sites, felling and skidding direction, etc.

4.6.3 Felling
Felling begins wherthe cutter starts to perform sirgut and lagt untilthe moment when the

tree fallsto the ground. This operation consistfssinkcut, backcut and usingf wedge if
necessary (Figure 14
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Figurel4: Felling the tree

4.6.4 Delimbing

Delimbing beginsafter felling and lastuntil all branches are cut off from the steBoth
workers are engaged this work operationThe atter starts from the thicker side of the stem
andthe assistant remowebranches which could hinder and off some thinner tanches

with anaxe (Figurel5).
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4.6.5 Processing

Processindollows after delimbing and implies cutting of stem in assortments and asebrtme
processingFigure B and 16). Bucking and crosscutting perforned after forest technician
whois anexpert forJUS standardsnarks the places on the stem wheheyshouldbe cut. In
theassortment method cutting performedn the forestand in the haltree length methqdn

the forest stents only cut inthe transport lengths and final catiiis done at the landing site.
Processing also includésrming of theassortmentront because of easier skidding, removing
of knots, etc.

' o oo ,:_" E ¥ :v‘ ;
Figurel6and I: Processing afhestem

4.6.6 Production of fuelwood

Production of fuelwoodn the assortment method &production of billets and smdiillets

from less quality parts of the stem and branches up to 25 cm diameter. Dimension of billets
are 95105 cm length and-25 cm diameteand small cuttings 9020 cm length and-3 cm
diameter JUS D.B5.023 One part of fuelwood remais roundwoodin the half-tree length
method stacked fuelwood was made only from branches.

4.6.7 Stacking of fuelwood
Fuelwoodis stacked in the pile@-igure 18. This jobis done by the cuttés assistant anthe

cutter helpsf necessary. In generalood is stacketh piles because aheasuringf cutters
productivityand as a preparatidar carrying out with animals
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4.6.8 Preparatory - final time

Preparatonfinal time includes all activities related wworkersarriving at the working place,
taking and studying of work ordemsiachinerypreparationfor work, etc.At the end of the
day it includes cleaning toolserwvice and maintenance (Figur@) 1This is relatd to all work

phase.

Figure1l9: Maintenance of skidders

4.6.9 Unloaded drive
Unloaded drivebegins whenthe skidder startgioing from landing site and finiss with

positioning of tractor for collecting wood. lilese investigationempty drive was always
uphill.
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4.6.10Pulling out of cable

During work operationPulling out of cable the chokersetter and sometimes with help of
skidder driver pulls out the winching cable in the felling site to the assortments which are
dispersedWinch has two maiegablesand each cable h&sor 6bindinghooks

4.6.11Hooking

Hookingis awork operation during whicthe assistant andometimes thekidder driver bind
the assortments or part of the stem (Fid2Ge By using hooks they bindeveral assortments
for one cable. Number of assortments usually depehdiseir volume and position in the
felling stand.

¥ g = ) e oy 2
e A TSN,

FigureZO.AHéoking of assortments
4.6.12 Winching

Winchingis woodskiddingon the ground to the skidder which is on the skidding (Fagure
21). Cycle couldberepeatdseverakimeswhile all assortment$or full load are notollected

Figure21: Winching of assortments
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4.6.13 Forming of load

Forming of loadbegins when all assortmerasewinchedto the skidde(Figure22). Usually,

the assistant repeats bindimg order toprepare them for rising of assortment fronts of the
ground and for skidding. Skidder driver in the skidder andvinches assortments on the
skidder ramp. This work operation may be dropped in some cases, especially when number of
assortments in the loasl less andssortmentbaveless volume.

4.6.14 Loaded drive

Loaded drivestarts after forming of load and ends wihileaskidder arrives at the landing site,
it is done onlyon the skidding trails (Figur23).

Figure23: Loaded drive

48



Mar|l eta D. Comparison of technoltangs. es of wood bi omass
Doctoral dissertation. Ljubljana, University of Ljjdnha, Biotechnical faculty, 2015

4.6.15Unhooking

Unhookingis unbinding of lad on the landing site (Figui4). This job is done byhe
skidder driver whilethe skidder assistant stays in the felling site to find assortments for the
next cycle.

Figur24: Unhooking f éssortments
4.6.16 Decking

Deckingis work operation during whicthe skidderremoves unhooked loadrom the roadn
order to mak smace for other wood (Figurgs). The kidder has specially constructed rump
on its front side for that purpose.
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4.6.17 Processing at the landing site

Processing at the landing site done irthe half-treelengthharvesting method. Landing sites

in the forest are placed at the linking between forest road and one or more skidding trails.
Surface of landing site dependstbe expected amount of wood, work intensity and speed of
wood delivery. Also terrain charactestics are often limiting factor for size of landing site.
Usually construction works consists efirface enlargement, land clearing, filling with gravel
and construction of drainage canals. In some cadesnthe wood transportby trucks goes
continuousy, the skiddedwood can be temporary storatbng forest road without creating
thespecial area fathelanding site.

In the assortment harvesting methdtie purpose of landing site is temporary wood storage
between primary and secondary transportthinhalf-tree harvesting methoat the landing
site processing of skidded stems or part of stems is done. Processing is baotkithg logs
and roundwood fuelwoo(Figure26).
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Figure26: rocessin@tth Ianding site
4.6.18 Chipping

Chipping of wood is defined as a procedure tbe forest biomasgprocessingn the form
suitable foruse in power generation, and the némdchipping of forest biomass is based on
enabling the automation of handling wood chips, economical transport and egisigradd
combustion of njarol®98). Chippingis perfor@adgnainly at the forest
landing site. Chips can be produdedm small branches, twigs, leajeresidueprocessing
and all other wood assortment. In case of this resgiluietewasno technological solution for
carrying out branches, twigs and others felling residad for chipping was available
fuelwood in stacked and roundwood shape and other Reggduewhich could occur during
wood processing at the landing site tie half-tree length harvesting method could be
available for chippinglsa Possibility forsuchoccurrencas one of the research hypotheses.
Feeding of chippewasdone with the crammounted on the truck (Figu2g).
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Figure27: Chipping of roundwood fuelwooat the landing site
4.6.19 Delay times

Delay times aréimes that arassociatedo productiveworking time.lIt can be said thateday
time is unwantedime consumption in each work pha3ée am of each work organization is
that delay times would bes reduced as possible

There are thretypesof delay time:

V Personal delay time is theterruption or norworking time suchas resting,
physiological needsr any other break®latedto the personnel.

V Technical delaytime consists oflelay types including chainsaw chain breaking and
replacing with a new one, chasharpeningchainpinching down time ofthe skidder
etc.

V' Operational delay iselatedto untimely planning. For example, when there was no
accessible fueburing working tme, and thereforeit should betransportedfrom
another place, or required spare parts @ravailable, itfalls in this cdaegory. In
skidding when thewood is not ready forskidding or the opator hasto wait for
preparingogs, itfalls in this categoy etc.

4.7 DATA ANALYSIS
4.7.1 Time study analysis andcalculation of productivity

Field datawere collected in prepared recording sheddsita processing followethe data
collection The chta about &lassortments and achieved teneere processed with the
descriptive statisticsin the first place. Dimension of processed wowdre measured
according to JUS(JUS D.B0.022 Assortmentvolume was calculated withHuber or
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Smal i an 0 s lergyttp) was above 6 meter. It was calculated mean volume per tree,
average number of assortments per tree, relative share and structure of quality classes.

In skidding average number of assortment per cycle, average diameter, average length,
average volume of pieces and average volume of lwadscalculated.

In time analysissum and average tinfer all working operationsverecalculatedn thefirst,
for both, cutting and skiddingAfter that therewas the examination of different variable
influenceon time consumption of individual work operations, for examfile examination
of breast heightliameter(DBH) of the tree on felling time, delimbing time, efduring the
skidding there was the examination of distance and load volumé@npact on time
comsumption ofinloaded and loaded drive, forming of loatt.

All investigations were done with single or multiple regression analMsithematical modsl
weremadefor work operationsvhere significant influence wameingproved

After statistical dataprocessing productivity was calculated. Cutting productivity was
calculated foDBH classes of 5 cm and for each working metHodvork operations where
dependace on one or more variallevas evidenced the value for specificindependent
variablewas includedin productivity model while in work operations where no influence
was evidencedmean alues were usefbr productivity modelcalculation(Nurminen et al
2006)

Productivity was calculatedccording to the timéor each work operation calculated by the
regression equation in cases where significant dependence from influencing factors was
established or the mean values were used if there was no dependence. The sum of work
operations was multiplied with coefficient allowance timeand divided with the volume of

wood.

Generaform of equation for productivity i§3):

PN

e &(3)

mh

0

- Pe- productivity (min/nf),

- YiYo...Yn - WOrk operatios time consumption (min)
-V -wood volumem?®,

- At - coefficientof allowance time.
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4.7.2 Statistical analysis

Statsoft Statistica 10 for Windowgasused as the statistical package for the data analfysis.
value and Rverechosenasstatistical parameters for selectitig bestfit model The Fvalue
and Rvalue are statistical measures used to determine the amount of infilnatean
independent variable has on the dependent variable. Taeeprepresents the level of
significance of the statistical test. Thev@lue can be set at tBfent alpha levels depending
on how precise results should the.this case alpha level is set@05. The Fvalue shows
level of influence that variable has on the dependemaia. The null hypothesisauld be
rejected if the test results indicatedvg@ue larger than0.05 and difference in time
consumption could be result of random variation (Mousavi, 2808minen, 2006).
Graphicalanalyses werbased on the scatterplots of data. Comparison betme#modswvas
done withMultiple Regression with dummy variables

4.8 COST CALCULATION

For compason ofsome machinauitability in different working conditions or for different
technologies in similar workingonditions it is usefulto compare productivityexpressed in
measuring units. Beside productivity it is necessagompare costso.

As ameasuring unitan beusel unit costs expressed per product unit and it is calculated as
quotient of working cost peitme and pr od u ¢2013)yTinte js usuallyi dour( Vu s i |
working day or workng hour where 30min main break (lunch time) is includedor
comparative cost analysis in utilization of wood it is best option to use direct cost of machine
work (machine rate) which conssstf fixed and variake costs.It is especiallyimportant

when comparing costs public forest companies and private compaogs. Namely in
integral forest managemergossibility of selection of the scalled overhed cost (general,
indirect cost)s very limitedwhich isrelated only for wood production.

So, traditionally overhead coasteawarded to direct casaccording to some kegnd that way
labor cos$ of wood productionare gained Taking into consideration thabther staff
employed in public forest company can be appointed in preparing anwisiggeand even in
performingwork, uncritical comparison of labor costs in public and private farestpany
should be a20m3).ded (Vusi i

Direct machine worlcostis determinedby costcalculationusingsome calculation method
and onthe base oftheinput dataDepending on availability aheinput data calculationcan

be distinguished asalculation backward, calculation forwarddamiddle calculation. Most
usedcalculation methods in forestry are according to Miyata (1980) and according to FAO
(1992). These methods are often modified in dependentieedafiput data availability and
target precision of calculation.

For machine workcalculation it is necessaryot calculate fixed costs of the machine
(depreciation, investmemost and possible tagosts insurance and garaging) and variable
machinecosts(the cost of fuel, lubricants, spare parts, replacermedtmaintenancef wear
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parts) and the cost of workern the case where all or most of the data necded
calculations are availabkndbased on theitrue records of an engine in a sufficiently long
period, direct cost calculation of machine work is done backwards.

For newly purchased machines for whittere are no their own data to determine direct
machine workcost forward calculation is used, based on estimated data, or generalized data
for a partizlar group of machines. During tmeachineuse,most often way to calculate the
direct laborcostare medium calculations based on their own specific and comparative data
available.

Basic concept in direct cost calculation of machine work in wood productibagalculation
of direct machine cost per hour during exploitation peridided andvariable ©sts are
usually calculate for part of working time during which motor of machineojgerating i.e.
machine hour ant later recalculaté in hours in order to beonnected with labor costs.

Fixed machine costs in contrast to variable arise a®rsequence of time rather than
increasing of work. Schese costs do not depeafdmachineusage intensity, buaf machine
lifetime usagein years or machine hours. Machine houthis most suitable unit for thene
usage expressiobut also a logical &sis for the allocation of variable costs (fuel, lubricants,
spare parts, replacemeahd maintenancef wear parts) Also, depending oithe evidence
method working hour can be used in calculations.

In ideal conditions machine lifetimasageshould match to normal agetime in which
working costs are lowesNamely, the shorter the machine service life is, the higher labor
costs arpdue to larger amount of depreciation, and if exéelHdbor costs are higher due to
rising costs of maintenae and repair of the machigeurk, 1977).

Depreciation cost of the machine reduitesvalueat the end of the depreciation period. For

the purpose of machine wodirect costcalculation depreciation life should match service

life of the machine as opposed to the accounting calculations whose goal may be reduction of
profit before tax, using the minimum legally allowable amortization period.

Discrepancy between depreciatiperiod and sevice lifetime is the most noticeable in
examples when machine contisue work without accounting value after depreciation period

is finished by accounting ruld$sCo st ¢ o n t Altloolgé this @Wdb2 & consequenc

of willingness for tax savingmaost often this situation is a consequence of insufficient
investmentswhich are compensatevith machine lifetimeexpansioneven if the risk from

extra costs for maintenance and repairing arise

The investmentostdepends on therigin of funds forpurchasinghe machineWhen using
own funds the investment cost is equal to tkem of purchase price and interest capital
that could be realizedn financial markebver the liféime of the investment.nlcase of using
loan funds the investmentcostis equal to thesum of purchase price and loadstsi
insurance, procedurgaterestover the life of the investment.
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Specially, it is important to evaluateosts properlywhen comparing the workost of
machines considerably different purchase pricé&do st contr ol é, 2002) .

In some cases wheeled forest machidepending on the negdan beregisteed for traffic

on roadsif they meet the technical requirements ¥ehicles on the road, and thégave

certain costs and taxes. Insurance costs depend agrixed insurance premium, acwhkts of
garaging depend on the annual utilization of the machine and work organization. The above
costs are usually stated in the annpatcentagdrom the purchas value of the machine
(Vusil., 2013)

Variablecosts are calculated on the basisan average cost of service, the unit price and the
average prices of fuel, lubricants, spare parts and replacement of wear parts in the analyzed
period.

In the event ofhe inaccessibility of specific data, the cost of the fuel can be calculated on the

basis of specific fuel consumption, engine power and the estimated load factor (¥9&3a

and the cost of the lubricant can be estimatedH1% of the cost of fuglCo s t contr ol é
2002).

The maintenancecost together with spare parts can be estimated as a percentage of
depreciationn case of inaccessibility of specific dgfdiyata, 1980 Cost cont)r ol é,
and the cost of the replacement of consumable part(dpsides, geatires is determined

on the basis of normative life.

The worker cost consists of gross wages, benefits and contributions to gross wages and
material labor costskor calculation of calculative machine weoraverall worker cost in
analyzedperiod isredue@don working hour.

4.8.1 Data collection for costcalculating

For calculation of direct machine wodostsmodified FAO methodologyvas usedFAO,

1992) according to calculatos c he me used I n Bmb|l iRS0 Co frpoa n y
investigations &our working daywas used. For chainsaw and animals average number of
working hour per year is 1680, for skidder 1640 and for chippers 1600.

The machinedepreciation(D) wascalculatedby linear method orthe basis of purchase price

(Cp) and servicgayback periodc) (4). Payback periodor chainsawwas2.5 years, animals 9

years, skidder 5 years and chippers 8 years.

$ — — ¢ 4

The investment cost (L was calculated on the basif depreciation ), machine service
lifetime (t) and annual interest rate (p) of 75h

# mb- O p — (Turk, 1977) é (5)
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Theinsurancecost(Cis) wascalculated only for forest truck and consists of registration costs,
road fees and insurance premiums. Remain machine value at the end of depreciation period
wascalculatedas 10% of purchase pric&nnual cost for spare parts and maintenance (Cspm)

for al machineswvasestimated as 50% of depreciation costs.

Costs for fuel and replacement spare pavere calculated on the basisf normative
consumption and unit prices.

Annual fixed and variable costgererecalculated otheworking hours and assoogat with
the labor costs accordingtocdicat i on used i nunPeubRSoc Company f
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5RESULTS
5.1CUTTING
5.1.1Description of cutting sample

In the study 318 trees were felled of which 163ha assortment method (sample plots Al
and B1) and 155 ithe half-tree length method (A2 and B2). Average diameter of felled trees
on sample plot Al is 301 cm and varieffom 9 to 54 cm, on sample plot B1.29 cm an
variesfrom 23 to 78 cm. On sample ploA2 and B2 average tree diameter isZZ7cm and
50.67 cm respectively and varié&®m 10 to 49 cm on Aand 18 to 69 cm on B2 (Tab®.

DBH distributionof felled trees is presented in Figai&8, 29, 30 and31.
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Figure28: DBH structure of felled treésAl Figure29: DBH structure of felled treésB1
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Figure30: DBH structure of felled treésA2 Figure31: DBH structure of felled treésB2

Total volume of produced woodas50725m?, of which 277.82 m® in the assortment method
and 2®.43 m® in the half-tree lengthmethod From total amounof roundwood 23.67 m®
was producedh the assortment method and®212 m® in the half-tree length method (T&b
8).
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Table8: Cuttingsample description
Sa:g[t)le Method N DBH (Cm) Vfuelwood (m3) Vroundwood (m3) Vtotal (ms)
P Aver Min Max Std.Dev. Xaver Sum % Xaver Sum % Xaver Sum %
Al assortment 113 3001 9 54 839 0124 14.01 1553 0.705 76.172 84.47 0.798 90.173 100
B1 assortment 50 4924 23 78 1578 0643 32149 17.13 3.173 155500 82.87 3.762 187.649 100
half tree
A2 length 110 2722 10 49 747 0072 1362 1.9 0.629 6853 98.06 0.636 69.9%65 100
half tree
B2 ety 45 5067 18 69 1339 0288 12942 812 3.56 146530 91.88 3544 150.472 100
x 318 60.454 446.795 507.249 100
Total
AlBi"d assortment 163 3591 9 78 1433 0297 46.150 1661 1.469 231.672 8339 1.712 277.822 100
A2and  halttree o5 5008 19 g9 1430 0247 14304 623 1.397 215123 9377 1480 229.427 100

B2 length

Share of stacked wood on sample plots whthassortment method (A1 and Bips 15.53%

and 17.13% respectively. Osample plots wherthe half-tree length method was performed
(A2 and B2) share of stacked wowehs 1.95% and8.12%. Relative sare of stacked wood
was significantly lowerin the half-tree length method. Iwas expected if we consider

described working method3he difference in amount of stacked wowedhs higher onthe

sample plots wh smaller average tree diameter if the harvesting methasthe same

(Figure32).
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Average number of pieces per trieethe assortment harvesting methags 2.23 (A1) and
6.23 (B1). In the half-tree length method number of pieces per Wwas 1.81 (A2) and4.77

(B2).

Figure32: Ratio of roundwood and fuelwood ¢ime sample plots
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technoltangd. es of wood

Average length of piecasas5.16 m (Al) and4.95 m (B1)in theassortment method a®B3

m (A2) and8.66 m (B2)in thehalf-tree length method.

Averagediameter of piecewas25.73 cm (Al), 3.83 cm (A2), 20.01 cm (B1) and .90 cm

(B2).

Average volume of piesin the assortment methodias0.26 m® (A1) and0.50 m® (B1). In
thehalf-tree length volumevas0.30 m® (A2) and0.69 m® (B2) (Figure33).
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Figure33: Characteristics of produced roundwood

5.1.2 Analysis of work operations

bi omass

Total studied work timevas4519.44 min on the sample plote the assortment method and

25@.72 min on the sample ploia the half-tree length method?roductive work timewas

346912 min (assortmendf total timeand 19B.29 min (halftree length) with relative share

of allowance time30.28 % and B.81 % respectivelyTable 9) Consequentlycoefficients of
allowance time for cutting are 1.30 and 1.31.
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Table9: Descriptive analysis afuttingwork time

Workin Half - Half- Half- Half- Half -
9 Assortment  tree Assortment  tree Assortment tree Assortment  tree Assortment  tree
method
length length length length length
Work . . . )
operation Averagel/tree (min) Std.Dev. SUM (min) min/tree MIN) min/tree MAX)
Moving 2.14 181 153 1.07 348.26 279.72 0.13 0.35 8.23 5.23
Preparing
of work 0.76 0.46 1.04 0.73 123.33 71.59 0.03 0.08 7.38 4.80
place
Felling 1.44 121 118 0.78 234.23 187.87 0.12 0.10 6.98 3.37
Delimbing 4.44 4.16 3.37 3.07 723.69 645.38 0.30 0.67 18.63 21.08
Processing 244 0.96 4.19 181 398.42 148.44 0.12 0.12 35.35 8.85
Preas o) 3.78 114 3.45 201 615.66 176.47 0.17 0.20 19.27 10.35
of fuelwood
Stacking of ¢ g 261 7.17 711 10553 40382 0.42 033 3500 4000
fuelwood
Productive
work time 34.12 1913.29
(min)
Allowance 109032 58043
time (min)
Allowance
time % 30.28 30.81
x Tot 4519.44 25@.72

Productive work timevasdivided into work operations. Each work operation was recorded
and analyzed. Most time consuming work operainoime assortment methogasStacking of
fuelwood with 6.29 min/tree, therfollowed Delimbing, 4.44 min/tree andProduction of
fuelwood with3.78 min/tree.In the half-tree length method most time consuming operations
were Delimbing with 4.16 min/tree,Stacking of fuelwood with 2.61 min/tree and Mving

with 1.81 min/tree. The shortest time operation in both methesPreparing of work place
(Figure 34)

H Assortment

min/tree

gLiIlLL

® Half-tree length

Moving Preparing of Felling Delimbing Processing Production Stacking of
WP of fuelwood fuelwood

Figure34: Structure of productive work time
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Figure35: Total studied productive work time

Relative share of work operations in productive work tiemel relative share of work
operations in relation on total work tinee presented in the Tabl®. It can be seen that the
largest sharén the assortment methostandsfor Stacking of fuelwood (2.56%), Delimbing
(20.86%) and Poduction of fuelwood (2.75%) In the half-tree length method largest share
stands foDelimbing (38.73%), Sacking of fuelwood (2.11%) andMoving (14.61%).

Table10: The relative share of work operations in total productive work time

Work operation Assortment Half-tree length Assortment Half-tree length

% of productive work time % of total work time

Moving 10.04 14.62 7.71 11.18

Preparing of work place 3.56 3.74 273 2.86
£

= Felling 6.75 9.82 5.18 7.51
S

qg_) Delimbing 20.86 33.73 16.01 25.79
=
S

§ Processing 11.48 7.76 8.82 5.93
a

Production of fuelwood 17.75 9.22 13.62 7.05

Stacking of fuelwood 29.56 2111 22.69 16.14

X 100 100 76.76 76.45

Allowance time % 30.28 30.81
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Structureof allowance timeas presented in Tabl#l andFigure36 and37. In both methds
most of time belongs to theeBonal delagy 43%in the assortment method and 51i%the
half-tree length methodThe following are Technical delays with share @6% and 3%,
Preparatoryfinal time with 19% and 1% and @ganizational delagwith shae of 12% and

8%, respectively.

Tablel11: Structure of allowanceéme

Preparatory - final time
Organizational delays
Technical delays
Personal delap

Total

Total (% of PWT)

Assortment Half-tree length
min

201.20 61.13

120.34 47.78

275.34 178.39

453.44 302.13

1050.32 589.43
30.28 30.81

wood bi

Assortment method

19%

= Preparatory - final time

43% -
= Organisational delay

Technical delay

12%
= Personal delay

26%

51%

Half-tree length method

11%
8% mPreparatory final ime
= Organisational delay
Technical delay

30%g Personal delay

Figure36 and37: Relative structure adllowance time
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5.1.3Comparing of sample plots by methods

Multiple regressiorwith dummy variables was performed in order to determine which factors
influence effective work time per tree. Results showed waking method and DBH have
significant i nf | 0% @ablel?).0Tmeset rosalts indicated | that fuditer
analysis should be done separately for both examined work methods.

Table 12 Regression summary for effective time per tree

Regression Summary for Dependent Variablemin/tree
R=0.88 R=0.784 Adjusted B=0.78
N=318 F(2.315)=54731 p<Q0000 Std.Error of estimate:4098

« Std.Err. Std.Err.
b of b* b of b t(314) p-value
Intercept -18.6480 1.155564 -16.1376 0.000000
Method 0.231480 0.026693 7.2248 0.833110 8.6721 0.000000
DBH 0.835179 0.026693 0.9108 0.029110 31.2889 0.000000

Analysis of variance showed strong reliability of regression model (Table 13).

Table 13: ANOVA foreffective time per tree

Effect Analysis of Variance; DV: min/tree
SIS0 df Mean Squares F p-value
Squares
Regress. 6010068 2 3005034 5473116 0.00
Residual 1729519 315 5491
Total 7739586

5.1.4Analyses of influencingfactors onthe cutting work operations

The xamination ofdifferent factorinfluenceon the harvestingvork operatiortime was done

with regression and correlation analysifie influencestrengthwas presented with Rwith

the level of significance(0.05 and assessed accordingto Roe@erp hal 6 s $88.al e (F
Mathematical models whicbn the best way show dependence between variaidze
represented withregressionequations. Modelsvere used for discussion and productivity
calculation During work operationswhere no significant dependences were evideroedn

values weraisedfor productivity calculations

Correlation strength Doesnot exist Veryweak Weak Medium Strong Verystrong Complete

0.

Correl.Coefficient- R 0.0 0.1 0.25 0.4 0.5 0.75 9 1.0

Figure38 RoemefOr phal 6s scal e

63



Mar|l eta D. Comparison of technoltangs. es of wood bi omass

Doctoral dissertation. Ljubljana, University of Ljjdnha, Biotechnical faculty, 2015

5.1.4.1Assortment method

Work operations Moving and Preparing ofo Placedid not show significant differemec
from any examined variablesh@&ir mean valugvasusedfor productivity calculation. Felling
showedvery strong dependence on the diameter breast heldBH) of the tree with
correlation coefficient R&.82. This dependencgaspresentedvith quadratic function (Table
14). Delimbing showedvery strong dependence on tBH with correlation coefficient
R=0.84. This dependence bestsfiinear function. Processinglso showedvery strong

dependence oDBH. Correlation coefficienivasR=0.81 and dependenceaspresented with
quadratic function. Production of fuelwood shemstrong dependence ddBH, R=0.75. The

dependencavas also presented with quadratic function. Stacking of fuelwsloolvedvery

strong dependence dbBH, correlation coefficient is Rk8 and it was preented with

quadratic function.

Tablel4. Time dependence analy$isssortment method

P t
Work Independent arameters F
operation Variable test R P Std.err
intercept b, b,?
Moving 158  Distance(m) No significance 0.4 0.02 0.849 1.5
Preparing of 15, ppiyem) No significance 393 017 0049 103
work place
Felling 161  DBH(cm) 0830 -00F5 0.0MY9 31530 08 0000 069
Delimbing 162  DBH(cm) 2.18 0.17¢ - 38404 084 0000  1.83
Processing 127  DBH(cm) 02109  -0.0699  0.0031 23461 081 0000 248
Productionof 15 pEp(em) 12539  -0.215  0.0021 20389 075 0000 229
fuelwood
Stacking of 156 ppH(em) 1587 -0158: 0.0B68 43071 086 0000  3.69
fuelwood

5.1.4.1.1Moving

There waghe examination oflistance between tre@gluencing the work operatiokloving.
Results showed thabrrelation factor is R8:02 and orthebasis of R it can be said that there
was no influenceproved The meanvalug y;=2.14 min/tree was used for productivity
calculation
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5.1.4.1.2Preparing of work place

There was the examination DBH influence onPreparingof work place Results on the basis
of 130 observations showetthat correlation coefficient is R=17 on the significace level

p @05. R and Figure39 showthat no significant influencevas proved. The mean value,
y»=0.76 min/treewasusedfor productivity calculation

Preparing of WP (min)
Sy

S) 0o
2 o o o o e}
o o
& g) 80 o
009go0 [¢) o ©
1 QOQ ’&b" oa—g@ﬁ@%’ CoNG 09000 ©
o 5B WP ggee 0 Fo @
0 Qo 000 Yo &

10 20 30 40 50 60 70 80 90
DBH (cm)

Figure39: Preparing ofvork placein dependencérom DBH
5.1.4.1.3Felling

There was the examination ®@BH influence onFelling. Results on the basis of 161
observations showetthat correlation coefficient is R:82 on the significacel e v €05. p O
F-test result is 3.30 and standard error 369. R and Figure40 show that significant
influencewasproved.The cependencavaspresented with quadratic functi¢®).
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Figure40: Felling independencéom DBH
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5.1.4.1.4 Delimbing

There was the examination 8BH influence onDelimbing. Results on the basis of 162
observations showed that correlation coefficient i€.B4& on the significace| e v €05. p O
F-test result is 3804 and standard error i683. R and Figure4l show that significant
influencewasproved.The cependencavaspresented withinearfunction (7).
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Figure4l: Delimbing independencérom DBH
5.1.4.1.5Processing

There was the examination 8BH influence onProcessing Results on the basis oR1
observations showed that correlation coefficient i©.BEon thesignificancel e v €05. p O
F-test result is234.61 and standard error i248. R and Figure42 show that significant
influencewasproved.The cependencavaspresented with quadratic functi¢®).
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Figure42: Processing idependencéom DBH
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5.1.4.1.6Production of fuelwood

There was the examination BBH influence orProduction of fuelwood. Results on the basis
of 161 observations showed that correlation coefficient i8.=on the significancéevel

p Q05. Ftest is 2@.89 and standard error i848. R and Figure43 show that strong
correlationwasproved.The cependencavaspresented with quadratic functio®).
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Figure 43. Dependencef productionof fuelwood fromDBH

5.1.4.1.7Stacking of fuelwood

There was the examination DBH influence onStacking of fuelwoodResults on the basis
of 157 observations showed that correlation coefficient i6.8=on the significancéevel

p Q05. F-test is 48.71 and standard error 86. R and Figuret4 showthat very strong
correlationwasproved.The cependencavaspreseted with quadratic functiofiL0).
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Figure44: Dependencef stackingof fuelwood fromDBH
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5.1.4.2Half-tree lengthmethod

Moving and Preparing of WP did not show significant difference from any eveami
variables. Tieir mean valugvasusedfor productivity calculationFelling showedvery strong
dependence on tH2BH of the tree with correlation coefficient R:89. This dependenceas
presentedvith linear function (Tablel5). Delimbingshowedvery strong dependence on the
DBH with correlation oefficient R=.81. This dependence bestsfiinear function also.
Processinaglso showedrery strong dependence @BH. Correlation coefficient is R85
andthe dependencevas presented with quadratic function. Production of fuelwsbdwed
strong dependence ddBH, R=0.70. The dependenceavas presented witHinear function.
Stacking of fuelwoodshowedstrong dependence @BH, correlation coefficients R=0.68
and itwaspresnted with quadratic function.

Tablel5: Time dependence analy$ihalf-tree length method

Parameters
Work Independent F R D Std.err
operation Variable intercept by by test
Moving 155  Distance (m) No significance 8.97 0.23 0.003 1.04
PIEREMNE Off o DBH(cm) No significance 214 015 0147 072
work place
Felling 155  DBH(cm) 0.48 0.04 565,73 089 0000 036
Delimbing 154  DBH(cm) 1.44 0.16! 293,90 081 0000 180
Processing 100  DBH(cm) 0.5013  -0.0618  0.0019 260,80 085 0000 0,95
Production of 59 ppem) 1.42 0.009 5568 0,70 0000 1,44
fuelwood
Stacking of 5y DBH(cm) 026G 4 -00016 00045 41,65 0,68 0000 5728
fuelwood

5.1.4.21 Moving

There was the examination distance between tre@sfluence onwork operation Mving.
Results showed that correlation factor isOR3 on the significance levgi(0.05. R shows
that very lowcorrelationwas evidenced.The mean value, 1.81 min/tree was usedfor
productivity calculation
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5.1.4.22 Preparing of work place

There was the examination DBH influence orPreparing ofwork place Results on the basis
of 91 observations showed that correlation coefficient isOR5 on the significance level
p=0.147. R and Figure45 showthat very low negative correlatiowas proved. The mean
value y, =0.46 min'treewasusedfor productivitycalculation
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Figure45: Preparing ofvork placein dependencéom DBH
5.1.4.23 Felling

There was the examination @BH influence onFelling. Results on the basis of 155
observations showed thabreelation coefficientis R&89on t he si gni0b5 cance
F-test result is565.73 and standard error 336. R and Figure46 show that very strong
correlationwasproved.The cependencavaspresented withinearfunction(11).
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Figure46: Felling independencéom DBH
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wood

5.1.4.24 Delimbing

There was the examination 8BH influence onDelimbing. Results orthe basis of 84
signi0bsi cance
F-test is293.90 and standard error 1s80. R and Figurel7 showthatvery strong correlation

wasproved.The cependencavaspresented withinearfunction(12).

observations showed that correlation coefficient i©.BE0 n

yo=-1. 445 4,+ Owlygdxezl:i mbi ng -DBIHn( ¢t mpe) ,

14

t he

Figure47: Delimbing independencérom DBH
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5.1.4.25 Processing

X

e 1P

bi omass

There was the examination 8BH influence on Processing. Results on the basis 601
signi0bs5. cance
F-test is260.80 and standard error &95. R and Figuret8 showthatvery strong correlation
wasproved.The cependencgvaspresented with quadratic functiofi3).

observations showed that correlation coefficient i9.B50 n

t he
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Figure48: Processing inlependenc&éom DBH
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5.1.4.2.6Production of fuelwood

There was the examination BBH influence orProduction of fuelwoodResults on the basis
of 59 observations showed that correlation coefficient i9.R>on the significance level
p Q05. Ftest result is55.68 and standard error 544. R and Figuret9 showthat strong
correlationwasproved.The cependencevaspresented withinear function(14).
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Figure49: Dependencef productionof fuelwood fromDBH
5.1.4.2.7Stacking of fuelwood

There was the examination DBH influence onStacking of fuelwoodResults on the basis
of 51 observationgtrees)showed that correlation coefficient is ®68 on the significance
| e v e0l05. Pptédt result is41.65 and standard error 6.28. R and Figures0 show that
strong correlationvasproved.The cependencevaspreented with quadratic functiafl5).
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Figure50: Dependencef stackingof fuelwood fromDBH
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5.1.5Productivity of cutting

Productivity was calculated in the way thahe for each work operation (yy»...y,) was
calculated with regression equation for cases where significant deperafeindleiencing
factors vasestablished or using the average values if there was no depentleacim of
work operation timewas mutiplied with allowancetime coefficientand divided with the
volume of produced woodProductivitywaspresented for both methods.

Relation between staard timefor cuttingis presented in the FiguBd. It can be seen that it
takes less time for producirtge unit of productsin the half-tree length harvesting method
thanin theassortmeninethod The dfferenceis decreasing withincreasing oDBH.
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Figure51: Rdation between standard times fartting

Praductivity calculated for $hour working day is presented in Figuré2. Productivity
constantly increasesith the increasef DBH and it is higheiin the half-tree length method
thanin theassortmeninethod

H Assortment

H Half-tree length

DBH (cm)

Figure52 Daily cutting productivityfor the assortment anthe half-tree length method
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Higher productivity in the halfree length method confirms the research hypothesis. Reason
for that is that in halfree length method cutters do not spent much time on opesati

Production of fuelwood and Stacking of fuelwoad in assortment method. Patft tbhe
processing was algcansferredrom the stand to the landing site.

5.2 SKIDDING

5.2.1Description of loads

Total number ofstudied cycles was 11&rom total number68 cycles vere theassortment
method, 34 cycles othe sample plot A1 and 34 aie sample plot B1. On the plots where
the half-tree length harvesting method was performed, A2 andiB2ycles were studied, 22
on A2 and 23 on B3ample platDescriptive statistics of load parameteras presented in
the Tablel6.

Tablel6: Load parameteris descriptive statistics

Sample Method N Mean Sum Min Max Variance  Std.Dev. Standard Error
plot cycles
34 Number of pieces in loac n 9.94 6.00 13.00 242 156 0.27
34  Average volume of piece m®*  0.28 0.19 040 0.00 0.04 0.01
Al Assortment
34 Load volume m* 2380 9533 165 412 0.33 0.58 0.10
34 Piece length m 538 428 731 0.74 0.86 0.18
22 Number of piecesinloac n  11.09 8.00 15.00 2.85 1.69 0.36
22 Average volume of piece m®  0.33 0.16 049 0.00 0.07 0.01
Half-tree
A2 length
22 Load volume m® 356 7836 082 543 1.28 1.13 0.24
22 Piece length m 897 8.08 10.53 0.52 0.72 0.20
34 Number of pieces in loac n 9.00 500 1200 3.27 181 0.31
34 Average volume of piece m® 057 025 1.02 0.05 0.22 0.04
B1 Assortment
34 Load volume m® 498 16925 127 868 2.68 164 0.28
34 Piece length m 530 383 7.66 0.80 0.89 0.18
23 Number of pieces in loac n 9.57 500 13.00 4.35 2.09 0.43
23 Average volume of piece m®  0.75 020 164 0.10 0.32 0.07
Half-tree
B2 length
23 Load volume m® 662 15231 203 848 191 1.38 0.29
23 Piece length m 919 6.12 14.40 4.08 2.02 054
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Average number of pieces in loa@sin the assortmenmethod9.94 (A1) and9.00 (B1) and
11.09 (A2) and9.57 (B2) on plotsin the half-tree length metho{Figure53). The rumber of
piecesin loadwasmore orless similar on all sampleqik. k representull hooking capacity
of the skidderbased orthe number ofskidding chokers
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Sample plot

Piecedload
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Figure53: Number of pieces in load

The average volume of pieces in loaifsthe assortment method w&28 m® (A1) and0.57

m?® (B1) and0.33 m® (A2) and0.75 m’ (B2) on sample plotén the half-tree length methad
Within the same compartment average volymerewas larger on sample plots whetee

half-tree length method waserformed(Figure54).
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Figure54: Average volume of piece
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The arerage load volumén the assortment method was80 nt (A1) and4.98 nt (B1), and
3.56 m*(A2) and6.62 m’ (B2) in the half-tree length method (Figufs).
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Figure55: Average load volume

The average length of the piede the assortment method w&s38 m (A1) and5.30 m (B1),
and8.97 m (A2) and9.19 m (B2) in the half-tree length methodn the assortment method
lengthof pieces variefrom 3.83 m(B1) to 7.66 m(B1). In the halftree length methokkngth
of pieces variefrom 6.12 m(Al) to 14.14 m(B2).

The kength of pieces on sample platsthe half-tree length harvesting methedasevidently
larger and thatvasthe main reason why other characteristics of load diffigfFigure 56).
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B2 - half-tree length
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Figure56. Average pieces length

75



Mar|l eta D. Comparison of technoltangs. es of wood bi omass

Doctoral dissertation. Ljubljana, University of Ljjdnha, Biotechnical faculty, 2015

The arerage skiddinglistancen the assortment methodas250.15 m andvariedfrom 90 to
460 m. On sample plots whetbe half-tree length method was performed average skidding
distancevas287.44 m andvariedfrom 130 to 490 m (Figurg?).
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Figure57: Skidding distance

The average winchingdistance from the stump to the skidding trail w2&s04 m in the
assortment method and.2 m in the half-tree length methodl'he dstribution of winching
distances is presented in Fighi&
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Figure58: Winching distancelistribution
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Total studied work timevas 2132.75 min on sample plot;h the assortment method and

1506.47 min on sample plotén the half-tree length method. Total productive tinneas

1638.28 min (assortment) and 17293 min (halftree length) with share dallowance time
30.18 % and 31.15 %, respectively (Tablé7).

Tablel7: Descriptive analysis afkiddingwork time

Working Half- Half- Half- Half- Half-
method Assortment tree Assortment tree Assortment tree Assortment  tree Assortment  tree
length length length length length
Work . . ) . .
operation Average/cycle (min) Std.Dev. Sum (min) min/cycle (min) min /cycle (max)
Unjoaded 509 520 251 175 34578 23401 148 233 1234 958
Pulling out 161 148 080 059 10458 6652 037 033 553 287
of cable
Hooking 5.23 5.46 2.50 1.90 355.31 24554 1.20 1.50 12.06 10.02
Winching 2.92 3.32 1.40 1.63 198.78 149.24 0.73 0.48 8.28 7.30
Forl’;‘g‘dg of 2.04 1.95 151 0.83 89.56 42.98 0.16 0.67 8.00 4.00
Loaded 472 553 197 159 32122 24894 031 185 916 887
Unhooking 2.34 2.29 0.92 0.67 156.94 103.05 0.90 1.00 6.00 4.22
Decking 0.98 1.34 0.51 0.53 61.83 57.65 0.25 0.55 2.88 2.57
Productive
work time 163.28 1147.93
Allowance 49447 35754
time (min) : :
Allowance
time % 30.18 3115
Total work
time (min) 212.75 1506.47
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Productive work timevasdivided into work operations. Each work operatiwas recorded
and analyzedThe structureof work operations shoed (Figure 59) that the most time
consuming operations in both methadsre Unloaded drivel.oaded drive anéiooking. An
average cycle time fdgnloaded drivavas5.09 and5.20 min/cycle forthe assortment anthe
half-tree length method, respectivelfin average cycldime for Loaded drivewas 4.72
min/cycle (assortmentpnd 5.53 min/cycle (half-tree length)and average time fddooking
was5.23 min/cycle(assortmentand5.46 min/cycle(half-tree length)

The shortest work operatiomgere Pulling out of cable andecking Time of Pulling out of
cablewas 1.61 min/cycle (assortmentand 1.48 min/cycle (half-tree length)and of Decking
0.98 min/cycle(assortment) anil.34 min/cycle(half-tree length)
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min/cycle
w
o
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® Half-tree length

N
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S
!

1,00

0,00 -
Unloaded Pulling out Hooking Winching Forming of Loaded Unhooking Decking
drive of cable load drive

Figure59: Average time per cycle

The gructure é productive work time shows thaglative share of working operationsas
very similar in both working methodg¢Figure 60 and 61). These resultsndicate that log
length, which is longer in the haifee length method, did notfluenceon the relative share
of working operationsSkidding assitantlid not use more time for Hooking or Unhooking,
and skidder did not use more time for Loaded drive or Winching of longer pieces.

Assortment Half-tree length
mUnloaded drive m Unloaded drive
10% 4% = Pulling out of cable 9y  O% = Pulling out of cable
= Hooking = Hooking
%0
= \Winching 6% = Winching

= Forming of load = Forming of load

® Loaded drive ® Loaded drive
Unhooking Unhooking

Decking Decking

Figure60and61: Relative share of work opations in productive work time
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The gructure ¢ allowance times presented in Tabl&8 and, as it can be seemost time
belongs to th&ersonal delay8% (assortment) and 33% (hdtee length)and therfollows
Preparatonfinal time with 28% (assortment) and 28 (half-tree length) Coefficients of
allowance time for skidding are3D and 131.

Tablel8; Structure ofallowance time

Assortment Half-tree length
min % min %
Preparatory-final time 1734 28 119.3 29
Technical delays 66.93 13 59.37 17
Organizational delays 117.14 24 74.87 21
Personal delag 137.00 35 104.00 33
Total 494.47 100 305.54 100

5.2.3Analysis of influencing factors on the skidding workoperations

The examination ofdifferent factorinfluenceon skiddingwork operations time was done with
regression and correlation analydite influencestrengthis presented with R, ith the level
of signio®s5i cance poO

Mathematical models which in the best way show the dependence betweeresarabl
choserand represented with equations.
General form of models for skidding work operationnisarequation ig16):

W O 0w ... (16)

-y -dependent variablgnin),

- a- intercept,

- b-slope of the line.

- X -independent variabl@®BH, load volume, etc.)

Modelswereused for discussion and for productiviglculation At work operations where

no significant dependences were evidencegan valueswere usedfor productivity
calculations.
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5.2.3.1Assortment method

Unloaded driveshowedvery strong dependence on the driving distance with correlation
coefficient R9.8. This correlationwas preseneéd with linearequation (Tablel9). Strong
correlationwas established in dependence t@boking from load volume, R%58. Medium
correlationswere established in dependence Rilling out of cable from pulling distance
(R=0.48) and Loading stackingfrom load volume (R8.44). Very strong correlationvas
obtained gamining the influence of driving distance and load volume Lavaded driving
(R=0.90). Weak correlationsvere established in dependence \Winching from winching
distance (R6.38), Unhooking from load volume (R3=39), and Brming of load from load
volume(R=0.30).

Tablel19: Skidding tme dependence analysiassortment method

Parameters
op;/:roartli(on N '”33?@2?5 " tgst R P Stdem
intercept b,

Urgﬁ\"’/‘ge‘j 65 %, - distance (m) -0.1890 0.0212 13462 082 0000 1449
P”'"ng?:t of 54 %, - distance(m) 0238 0.40 0 1717 048 0000 0728
Hooking 65  xs-load volume () 1223 1586 3265 058 0000 2057
Winching 59 X4 - distance (m) 1953 0564 10.38 0.38 0.002 1.294
Forlrg;“dg Of 42 xs-load volume () 0.5799 0.3672 6.15 036 0017 1431
Loaded drive 65 X‘igff\ti?ﬁé”(‘r% 0.1162 s 14660 090 099 0gs1
Unhooking 61  xs- load volume () 1841 0.4%2 283 039 0008 0906
Decking 60  xo- load volume () 0682 0357 1436 044 0000 0465
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5.2.3.1.1Unloaded drive

There was the examination skiddingdistanceinfluence onUnloaded drive Results on the
basis of 65 observations showed that correlation coefficient &8R-on the significance
| e v @.D5. Ftedtresult is 1&.62 and standard error is45. R and Figuré2 showthat very
strong correlationvasproved.The cependencevaspresented with linear functiqd?).
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Figure62 Unloaded drive inlependenc&om distance
5.2.3.1.2Pulling out of cable

There was the examination distanceinfluence onPulling out of cableResults on the basis
of 58 observations showed that correlation coefficient i9.48=on the significance level
p Q05. F-test result is17.17 and standard error 73. R and Figures3 showthat medium
correlationwasproved.The cependencavaspresentd with linear function(18).
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Figure63: Pulling out of cable in dependence from distance
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5.2.3.1.3Hooking

There was the examination lolad volumeinfluence onHooking Results on the basis of 65
observations showed that correlation coefficient i 988 on t he si g005fi canc
F-test is 2.65 and standard error B506. R and Figuré4 showthat strong correlatiowas
proved.The cependencevaspresented with linear functiqd9).
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Figure64: Hooking in dependence frolmad volume
5.2.3.1.4Winching

There was the examination winching distanceénfluence onWinching Results on the basis
of 59 observations showed that correlation coefficient i9.88=on the significance level
p Q05. Ftest result is A.38 and standar error is1.29. R and Figures5 show that weak
correlationwasproved.The cependencavaspresented with linear functiq0).
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Figure65: Winching in dependence from distance

82



Mar|l eta D. Comparison of technoltangs. es of wood bi omass

Doctoral dissertation. Ljubljana, University of Ljjdnha, Biotechnical faculty, 2015

5.2.3.1.5Forming of load

There was the examination lofd volumeanfluence onForming of load Results on the basis
of 42 observations showed that correlation coefficient i9.85=on the significance level
p QO05. Ftest result is6.15 and standard error 43. R and Figures6 show that weak
correlationwasproved.The cependencevaspresented with linear functiq1l).
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Figure66: Forming of load in dependence from load volume

5.2.3.1.6Loaded drive

There was the examination distance and load volunefluencewith multiple regressioon
Loaded driveResults on the basis of 65 observations showed that correlation coefficient is
R=090 on t he si g@.05.fFitestaesutt ig466%andestandarderror 85. R

and Figure67 showthat very strong correlatiowas proved.The cependencevas presented

with linearfunction(22).
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Figure67: Loaded drive irdependencéom distance and load volume

5.2.31.7Unhooking

There was the examination lolad volumeinfluence onUnhooking Results on the basis of
61 observations showed that correlation coefficient i9.88=on the significance level
p Q05. Ftest result is2.83 and standard error 891. R and Figure68 show that weak
correlationwasproved.The cependencevaspresented with linear functig3).
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Figure68: Unhooking in dependence from load volume
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5.2.3.1.8Decking

There was the examination lofad volumeinfluence onDecking Results on the basis of 60

observations showed that correlation coefficient 19.B4&

on

t he

si gfBo5fi canc

F-test result is 436 and standard error i8.47. R and Figure69 show that medium
correlationwasproved.The cependencevaspresented with linear functiq4).
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5.2.3.2Half-tree length method

Load volume (m®)

Figure69: Deckingin dependence from load volume

e A}

Unloaded driveshowedvery strong dependence on the driving distance with correlation
coefficient R9.87. This correlationwvas presenéd with linear equation (Tabl20). Strong
correlationwas established in dependence DBécking from load volume, R8.60 and in
dependence ofwinching from winching distance (R=64). Medium correlationwas
established in dependenceRflling out of cableof pulling distance (R8.49). Very strong
correlationwas obtained examininghe influence of driving distance and load volume on
Loaded driving (R6.90). Weak correlations are established in dependendgnbboking
from load volume (R6.38) and Hooking of load from load volume (Rs37). Working
operation Forming of load did not show significant dependence from any examined

influencing factors. All correlationserew i t h
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Table20: Skidding tme dependence analysikhalf-tree length method
Work N Independent Parameters F R std
operation Variable intercept by test P e
Ur(‘j:gsged 39 x,-distance (m) 0.4808 0.0169 11914 087 0000  0.869
P”'"ng‘l’;t of 39  x,-distance(m) 08146 00246 1177 049 0001 0522
Hooking 36  x3-load volume (M) 36482 04596 5.54 0.37 0.024 1.801
Winching 39 X4 - distance (m) 092914 00918 26.29 0.64 0.000 1.305
Forln;;ndg of 19 Xs - load volume () no significance - - - -
Loaded drive 39 Xﬁo:c;s\t/i?friér?r%) 0.3261 oy 7408 090 0000 0683
Unhooking 30 xg-load volume () 14544 01417 4,78 0.38 0.037 0.613
Decking 38 xo- load volume () 05178 01556 20.69 0.60 0.000 0.404

5.2.3.2.1Unloaded drive

There was the examination dfiving distancenfluence onUnloaded driveResults on the
basis 0f39 observations showed that correlation coefficient i9.B#on the significance

| e v @.D5. Ftedt result i€119.14 and standard errds 0.87. R and Figur&’0 showthat very
strong correlationvasproved.The cependencevaspresented with linear functigq5).
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Figure70: Unloaded drive imependenc&éom distance
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5.2.3.22 Pulling out of cable

There was the examination dfiving distancenfluence onPulling out of cable Results on
the basis of 3®bservations showed thatreelation coefficient is R&49 on the significance
levd O® Ftest result is 177 and standard error @52. R and Figure71 show that
medium correlationvasproved.The cependencavaspresented with linear functiq6).
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Figure71: Pulling out of cable in dependence from distance
5.2.3.23 Hooking

There was the examination lolad volumeinfluence onHooking Results on the basis 86
observations showed thetrrelation coefficientis R&¥37on t he si gni0b5 cance
F-test result i5.54 and standard error i680. R and Figurer2 show that weak correlation
wasproved.The cependencavaspresented with linear functiq7).
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Figure72: Hooking in dependence from load volume
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5.2.3.24 Winching

There was the examination winching distancenfluence onWinching Results on the basis
of 39 observations showed thabreelation coefficient is R&64 on the significance leve
p Q05. Ftest result is @29 and standard error 31. R and Figurer3 show that strong
correlationwasproved.The cependencevaspresented with linear functig28).
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Figure73: Winching in dependence from distance
5.2.3.25 Forming of load

There was the examination lofad volumenfluence onForming of load Results on the basis
of 19 observations showed thiditerewasno correlatiorevidencedThe mean value pe&ycle
wastakenfor the calculations.

5.2.3.26 Loaded drive

There was the examination &dad volumeand distance influence dbnoaded drivewith
multiple regression Results on the basis B9 observations showed that correlation
coefficientis R9.90ont he si gni f 0.05 d&test esult i€/ adnd spa@ard error
is 0.68. R and Figurer4 showthat very strong correlatiowas proved.The cependencevas
presented with linear functiof29).
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Figure74: Loaded drive irdependencé&om distance and load volume

5.2.3.27 Unhooking

There was the examination lolad volumeinfluence onUnhooking Results on the basis of
30 observations showed that correlation coefficient iS0.B& on the significance level
p Q05. Ftest result is4.78 and standard error 861. R and Figure75 show that weak
correlationwasproved.The cependencavaspresented with linear functiaf30).
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Figure75: Unhooking in dependence from load volume
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5.2.3.28 Decking

There was the examination lofad volumeinfluence onDecking Results on the basis 88

observations showed that correlation coefficient i9.83:0 n

t he

signi0bs. cance

F-test result i20.69 and standard error 540. R and Figure/6 showthat strongcorrelation
wasproved.The cependencavaspresented with liear function(31).
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Figure76: Deckingin dependence from load volume

5.2.4Productivity of skidding

Productivity was calculatedwhen allowancetime in a form of coefficientwas addedto the

sum of duration of work operations for specifiistances and load volumér comparison,
productivity was presented for all four sample plots for distance of 250 m and average load
volume fourded on eachasmple plot (Table21). Costs of the working day of skidder LKT
81T werecalculated on the basié official methodology which is in use in Public Company

" Gu mé baReBl on Myiatal©80).

Table21: Productivityof skiddingfor distance 250 m and realized mean load volume

Sample plot Al B1 A2 B2
Method Assortmen{short log) Half-tree bngth(long log)
Distance 250 m 250 m 250 m 250 m
Load volume 2.80 n? 4.98 n? 356 nt 6.62
Cycle time 29.80 min/cycle 35.61 min/cycle 31.72 min/cycle 35.63 min/cycle
Standard time 10.64 min/n? 7.15 min/n? 8.91 min/n? 5.38 min/nt
Productivity 42.29 nt/day 62.93 nt/day 50.50 nt/day 83.64 nt/day
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Table22: Standard tirafor skiddingi theassortment method
mi n/ mj
Loadvolume (nf)
2 25 3 35 4 45 5 55 6 65 7 75 8
10 79 69 61 56 52 49 47 45 43 42 41 40 39
50 30 93 79 70 64 59 55 52 50 48 46 45 43 42
50 106 90 79 71 66 61 58 55 52 50 48 47 45
10 92 79 70 63 59 55 52 50 48 46 44 43 42
100 30 105 89 78 71 65 61 57 54 52 50 48 47 45
50 118 100 87 78 72 67 63 59 56 54 52 50 49
10 104 89 78 70 65 60 57 54 52 50 48 46 45
150 30 118 99 87 78 71 66 62 59 56 54 52 50 48
50 131 110 96 86 78 72 68 64 60 58 55 53 52
10 117 98 86 78 71 66 62 59 56 53 51 50 48
200 30 130 109 95 85 78 72 67 63 60 58 55 53 52
50 143 120 104 93 84 78 73 68 65 62 59 57 55
10 129 108 95 8 77 72 67 63 60 57 55 53 51
250 30 142 119 103 92 84 77 72 68 64 61 59 57 55
50 156 130 112 100 91 83 77 73 69 65 63 60 58
10 142 118 103 92 84 77 72 68 64 61 59 56 54
300 30 155 129 112 99 90 83 77 72 69 65 62 60 58
50 168 140 121 107 97 89 82 77 73 69 66 63 61
10 154 128 111 99 90 83 77 72 68 65 62 60 58
£ %0 = 30 167 139 120 107 96 88 82 77 73 69 66 63 61
s g 50 181 150 129 114 103 94 87 82 77 73 70 67 64
g § 10 167 138 120 106 96 88 82 77 72 69 66 63 61
€ 40 B 30 180 149 128 114 103 94 87 82 77 73 70 67 64
g g 50 193 160 137 121 109 100 92 86 81 77 73 70 67
= § 10 179 148 128 113 102 94 87 81 77 73 69 66 64
450 30 192 159 137 121 109 100 92 86 81 77 73 70 67
50 206 169 145 128 115 105 97 91 8 81 77 73 70
10 192 158 136 120 108 99 92 86 81 77 73 70 67
500 30 205 169 145 128 115 105 97 91 8 81 77 73 70
50 218 179 154 135 122 111 102 95 90 85 80 77 74
10 204 168 144 127 115 105 97 90 85 80 76 73 70
550 30 217 179 153 135 121 111 102 95 89 84 80 77 73
50 230 189 162 143 128 117 107 100 94 88 84 80 77
10 216 178 153 135 121 110 102 95 89 84 80 76 73
600 30 230 189 162 142 128 116 107 100 93 88 84 80 76
50 243 199 170 150 134 122 112 104 98 92 88 83 80
10 229 188 161 142 127 116 107 99 93 88 84 80 76
650 30 242 199 170 149 134 122 112 104 98 92 87 83 80
50 255 209 179 157 140 128 117 109 102 96 91 87 83
10 241 198 169 149 133 121 112 104 97 92 87 83 79
700 30 255 209 178 156 140 127 117 109 102 96 91 87 83
50 268 219 187 164 147 133 122 114 106 100 95 90 86
10 254 208 178 156 140 127 117 108 102 96 91 86 83
750 30 267 219 187 163 146 133 122 113 106 100 94 90 86
50 280 229 195 171 153 139 127 118 110 104 98 93 89
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Table23: Standard timéor skiddingi the half-tree length method
mi n/ mj
Load volume (1)
2 25 3 35 4 45 5 55 6 65 7 75 8
10 97 80 68 60 54 50 46 43 40 38 36 34 33
50 30 112 92 79 69 62 56 52 48 45 43 40 39 37
50 127 104 89 78 69 63 58 54 50 47 45 43 41
10 107 88 75 66 60 54 50 47 44 41 39 37 36
100 30 123 100 86 75 67 61 56 52 49 46 43 41 40
50 138 113 96 84 75 68 62 58 54 51 48 45 43
10 118 97 8 72 65 59 54 50 47 45 42 40 38
150 30 133 109 93 81 73 66 60 56 52 49 47 44 42
50 148 121 103 90 80 73 67 62 57 54 51 48 46
10 129 105 90 79 70 64 59 54 51 48 45 43 41
200 30 144 117 100 87 78 71 65 60 56 52 50 47 45
50 159 130 110 96 86 77 71 65 61 57 54 51 49
10 139 114 97 8 76 69 63 58 54 51 48 46 44
250 30 155 126 107 93 8 75 69 64 59 56 53 50 48
50 170 138 117 102 91 82 75 69 65 60 57 54 51
10 150 122 104 91 81 73 67 62 58 54 51 49 46
300 30 165 135 114 100 89 80 73 68 63 59 56 53 50
50 181 147 124 108 96 87 79 73 68 64 60 57 54
10 161 131 111 97 8 78 71 66 61 58 54 52 49
o %0 - 3 176 143 121 106 94 85 78 72 67 62 59 56 53
Ft g 50 191 155 1381 114 102 92 84 77 72 67 63 60 57
g § 10 171 139 118 103 92 83 76 70 65 61 57 54 52
S 400 é 30 187 152 128 112 99 90 82 75 70 66 62 58 56
g % 50 202 164 139 120 107 96 88 81 75 70 66 63 59
2 § 10 182 148 125 109 97 88 80 74 69 64 61 57 54
450 30 197 160 136 118 105 94 86 79 74 69 65 61 58
50 213 172 146 127 112 101 92 85 79 74 69 65 62
10 193 157 132 115 102 92 84 78 72 68 64 60 57
500 30 208 169 143 124 110 99 90 83 77 72 68 64 61
50 223 181 153 133 118 106 96 89 82 77 72 68 65
10 203 165 140 121 108 97 89 82 76 71 67 63 60
550 30 219 177 150 130 115 104 95 87 81 76 71 67 64
50 234 190 160 139 123 111 101 93 86 80 75 71 67
10 214 174 147 127 113 102 93 85 79 74 70 66 62
600 30 229 186 157 136 121 109 99 91 84 79 74 70 66
50 245 198 167 145 128 115 105 97 89 84 78 74 70
10 225 182 154 134 118 107 97 89 83 77 73 69 65
650 30 240 194 164 142 126 113 103 95 88 82 77 73 69
50 255 207 174 151 134 120 109 100 93 87 81 77 73
10 236 191 161 140 124 111 101 93 86 81 76 72 68
700 30 251 203 171 148 131 118 107 99 92 85 80 76 72
50 266 215 181 157 139 125 114 104 97 90 84 80 75
10 246 199 168 146 129 116 106 97 90 84 79 74 70
750 30 261 212 178 155 137 123 112 103 95 89 83 78 74
50 277 224 188 163 144 130 118 108 100 93 88 83 78
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Table24: Daily skidding productivityi theassortment method
m’/day
Load volume ()
2 25 3 35 4 45 5 5.5 6 6.5 7 75 8
10 567 656 733 800 859 912 958 1000 103.8 1072 110.3 1131 1158
50 30 486 569 641 706 763 815 861 903 942 977 1009 1039 106.7
50 425 502 570 631 686 736 782 824 8.2 898 931 961 989
10 490 573 646 710 768 820 866 908 947 982 1014 1044 107.2
100 30 428 505 573 635 690 740 786 828 8.6 902 935 965 993
50 380 451 515 574 627 675 720 761 799 834 867 897 926
10 432 508 6577 639 694 744 790 832 871 906 939 969 9938
150 30 383 454 518 577 630 678 723 764 802 838 870 901 930
50 344 410 471 526 576 623 666 707 744 779 8L1 842 870
10 385 457 521 580 633 682 727 768 806 841 874 905 933
200 30 346 413 473 528 579 626 669 710 747 782 8lL4 845 873
50 314 376 433 485 534 579 621 660 696 730 762 792 821
10 348 415 476 531 582 629 673 713 750 785 817 848 877
250 30 316 378 435 488 536 581 623 662 699 733 765 795 823
50 289 347 401 451 497 540 581 618 654 687 719 748 777
10 318 380 437 490 539 584 626 665 702 736 768 798 826
300 30 291 349 403 453 499 543 583 621 656 690 721 751 779
50 268 322 373 421 465 507 546 582 617 649 680 709 737
10 292 350 405 455 501 545 585 623 659 692 724 754 782
E 30 £ 30 269 324 375 422 467 509 548 584 619 652 682 712 739
o @ 50 249 301 349 394 437 477 514 550 584 615 645 674 701
8 § 10 270 325 376 424 469 511 550 586 621 654 685 714 742
2 400 T 30 250 302 351 306 439 479 516 552 585 617 647 676 703
g E’ 50 233 282 328 371 412 450 487 521 554 585 614 642 669
é § 10 251 303 352 398 440 480 518 554 587 619 649 678 705
n 450 30 234 283 329 373 413 452 4838 52.3 55.5 58.6 61.6 64.4 67.1
50 219 265 309 351 390 427 462 495 527 557 586 613 639
10 235 284 331 374 415 454 490 524 55.7 58.8 61.8 64.6 67.2
500 30 220 266 310 352 391 428 463 497 528 558 587 615 641
50 206 251 293 332 370 405 439 472 502 532 560 586 612
10 221 267 312 353 392 430 465 498 530 560 589 616 643
550 30 207 252 294 333 371 407 441 473 504 533 561 588 614
50 195 238 278 316 352 386 419 450 480 509 536 562 587
10 208 252 295 334 372 408 442 474 505 535 563 589 615
600 30 196 238 278 317 353 387 420 451 481 510 537 563 589
50 185 226 264 301 335 369 400 431 460 487 514 540 564
10 197 239 279 318 354 388 421 453 483 511 539 565 59.0
650 30 186 226 265 302 336 370 401 432 461 489 515 541 566
50 17.6 215 252 287 321 353 383 413 441 468 494 519 543
10 186 227 266 302 337 371 403 433 462 490 517 542 567
700 30 177 216 253 288 321 354 384 414 442 469 495 520 544
50 168 205 241 275 307 338 368 396 424 450 475 500 523
10 177 216 253 289 322 355 385 415 443 470 496 521 545
750 30 168 206 241 275 308 339 369 397 425 451 476 501 524
50 161 196 230 263 294 324 353 381 408 433 458 482 505
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Table25: Daily skidding productivityi the half-tree lengtrmethod
m’/day
Load volume (rf)
2 25 3 35 4 45 5 5.5 6 6.5 7 7.5 8
10 466 565 658 747 830 909 984 1055 1122 1186 1247 1306 136.2
50 30 402 490 573 652 727 799 868 933 996 1056 1113 1168 1221
50 354 432 507 579 648 713 776 837 895 951 1005 1056 110.6
10 420 510 596 678 755 829 899 966 103.0 109.2 1150 120.6 126.0
100 30 367 448 525 599 670 737 802 864 923 980 1035 1087 11338
50 327 400 470 537 601 663 723 780 836 889 940 990 1038
10 382 465 545 621 693 762 829 892 953 1011 1067 1120 117.2
150 30 338 413 485 554 620 684 745 804 860 914 967 1017 106.6
50 303 371 437 500 561 620 677 731 784 835 884 932 9738
10 350 427 502 573 641 706 768 828 86 941 995 1046 109.6
200 30 313 383 450 515 578 638 696 751 805 857 90.7 956 100.3
50 283 347 409 469 526 582 636 688 738 787 834 830 924
10 323 395 465 531 595 657 716 773 828 8.1 932 981 1029
250 30 291 357 420 482 541 598 653 706 757 807 855 901 946
50 265 325 384 441 495 548 599 649 697 744 789 833 876
10 300 368 433 496 556 614 670 725 777 828 876 924 970
300 30 272 334 394 452 508 562 614 665 714 762 808 853 896
50 249 307 362 416 468 518 567 615 661 706 749 791 833
10 280 344 405 464 522 577 630 682 732 780 827 873 917
g 30 - 30 256 314 371 426 479 531 581 629 676 722 766 809 851
§ @ 50 235 290 342 393 443 491 538 584 628 671 713 754 793
8 & 10 263 323 381 437 491 544 595 644 692 738 783 827 869
B 400 é 30 241 297 350 403 453 502 550 597 642 685 728 769 810
g £ 50 223 275 325 374 421 467 512 556 598 640 680 719 758
é g 10 247 304 359 412 464 514 563 610 656 700 744 786 827
O 450 30 228 281 332 382 430 477 523 567 611 653 694 734 773
50 212 261 309 356 401 445 488 530 571 611 650 688 725
10 233 287 340 390 440 488 534 579 623 666 708 749 788
500 30 216 267 315 363 409 454 498 541 582 623 663 701 739
50 202 249 294 339 383 425 467 507 546 585 623 659 695
10 221 272 322 371 418 464 508 552 594 635 676 715 753
550 30 206 254 300 346 390 433 476 517 557 596 634 671 708
50 192 237 281 324 366 407 447 486 524 561 597 633 6638
10 210 259 307 353 398 442 485 527 567 607 646 684 721
600 30 196 242 287 330 373 415 455 495 533 571 608 644 679
50 184 227 269 311 351 390 429 466 503 539 574 608 642
10 200 247 292 337 380 422 464 504 543 581 619 655 69.1
650 30 187 231 274 316 357 397 436 474 512 548 584 619 653
50 17.6 218 258 298 337 375 412 448 484 518 553 586 619
10 191 236 280 322 364 404 444 483 521 558 594 629 664
700 30 179 222 263 303 343 381 419 456 492 527 562 595 628
50 169 209 248 286 324 360 396 431 466 500 533 565 59.7
10 183 226 268 309 349 388 426 463 500 536 571 605 639
750 30 172 213 252 291 329 366 403 438 473 507 541 574 606
50 163 201 239 276 312 347 382 416 449 482 514 545 576
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5.3 CARRYING OUT OF STACKED WOOD

Carrying out of stacked wood with animals (horses) is a traditional pregticedin local
forestry particularlyin mountainous conditiondn the paststateforest companiesised to
havetheir own horse logging sections but now they hire private companies over Ipilslic
(Figure77).

For horse logginghere are officially used standard timesablesand ontheir basedorest
managers predict expected dadfficiency. Inputsare standand terrain conditions,cutting
intensity andneancarryingdistance

For compartmerst 98 and 65 where investigatedsampls were placed expected daily
productivityfor one horsevas4.89m®dayor 0.61 m’/h.

5.4 PROCESSING AT THE LANDING SITE

Processing at the landing sit@asinvestigatedn the half-treelengthharvestingnethod. After
preliminary time studyit was decided rtoto go into detail of time study becausthe work
was very inconsistenvith frequently interruptions andespecially becausan productive
work, it was very hard to distinguish precise border between work operatdeaning,
bucking, removing of knots and other operationsstantly overlappednd joined intdoNork
on the landingProcessing was done bycutter andanassistanta group of two workers. The
ideawasthat in the half-tree length harvesting methalde sameworking groupshould be
engagedn theall landing sites in one compartment.

So, productive time and delaygere measuredDelayswere divided as necessary and not
necessaryDimensions of wooaveremeasured and productivityascalculatedn relation to
the piece diameter.
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Result showed thashare of delays is 59%nd productive time 41% (Figur&8). The
explanation for relative dominant share of delay in the fact that workers who performed
processing wermterrupedby truckswhich were constantly arriving for shipping.

Figure78: Structure of work timéor working groupin processing at landing site

Productivity was calculated f@productve working hour an@ day (Table26). As it can be
seen, productivity is increasingth anaverage log diametancrease

Table26: Productivity of processing at the landing site

Diameter (cm) min/m?® m®day m*hour
10 51 88.24 11.03
20 4.6 97.83 12.23
30 3.6 125.00 15.63
40 2.3 195.65 24.46
50 1.6 281.25 35.16

Workers who worked orprocessing at the landing site had flaenecost structuras cutters,
so cost calculation for cuttecain be usetbr calculation ofunits costof processing

Residue which occursat the landing site after processingvas chippedtogether with the
fuelwood. The residueamountwas2 nt on 100 nfi of roundwood Thosewere parts ofvood
(removed knots and similaremainedafter buckingof assortmergaccording to dimensions
prescribedy JUS standar(US D.B4.028JUS D.B5.023JUS D.B5020)
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5.5 CHIPPING

Chipping was done at the landing sit@e sibject of chipping wakng fuelwood,which was
skidded bya skidderand stacked fuelwood carried out by animals.

5.5.1Chipping with the JENZ HEM 700

Wood dipswasthrown directly on the tuck with the container fatransport.The container
volume was 30 loose ni. Calculated conversion coefficient was 2.7,ilem® of wood was
equal to2.7 loosem?® of wood chipsWater contenof chips was 33%.

Productivity of chipper was calculated on thesibaf productive machine hou€alculated
productivity was 51 rith of roundwood with average diameter &6lcm and average length
of piecess.6 m. Expressed in chips amount productivity wag.Z30ose ni/h.

When chipping of stagd fuelwood productivity was 36 h, so 8.5% lower, the eason
wasthe fact that craneonild not achieve full efficiency when manipulating with the stacked
wood, especially when stacked wowdhs not pied. Thiswas highly dependableof the
operator skills.

Measured fuel consumption was I/h
5.5.2 Chipping with the Pezzolato PTH 1300/1500

Chipper Pezzolato PTH 1300/1500 belongs to the group of big capacity chippesown
motor and neegitruck for transporandloading of raw materiaBecause of its capacity and
dimensionsthis chipper is suitable for big central landing sifBise dipper was fed byhe
crane mounted on the trudke same as previous.

Producedwvood chips was piled on the groundror that reasothere was no opportunity for
estimationof conversion factorérom solid wood volume into lo@svolume. Granulation
(dimension) of chips was the same as in chipping with the JENZ HEMs@60fresumption
was that the same conversion factor can be @sed,

Averagewater contenbf chips was 35%.

Productivity of chpper was calculated on the basi$ productive machine houtoo.
Calculatedproductivity was 60 rith of roundwood with average diameter &®cm and
average length of piec&$ m. Productivity of chips was 28 loose ni/h of chips

Fuel consumption v&a72 I/h.
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5.6 CALCULATIONS AND UNIT COSTS
5.6.1Cost calculations

Cost calculation foa chainsawa skidder and animalvasdone on the basof methodology
explained in earlier chaptershe dainsawlifetime is a2.5 yearsThis is based owfficial
calculatiors o f Publ i ¢ Co mpaTaeR?). ExpactadifetiRetor skidder is 5
yeas and for animals 9 yeardt is expected thathe chainsawand animalsachieve 1680
working hours per year anthe skidder 1640working hours per yearRemained valuevas
calculated as 10% of purchase price. Data about purchase price, material costs anerether
taken fromfPu bl i ¢ Company fAGume RSO

Table27: Cost calculation for chainsaw, skidder and animal

Husqgvarna 372XP LKT 81T Animals
Lifetime (year) 25 5 9
Working hour s per year 1680 1640 1680
Purchase price( U ) 649.09 105022.56 1278.25
Remainedvalue( U ) 64.91 1050.26 127.82
Investment( 4/ year 31.81 4412.21 49.71
Material costs( grear) 14591 50842.62 1184.32
Gross wageg §efar) 9783.12 1045.20 489.06
Other costs( éar) 5214.03 4922.18 2567.29
Total costs( grear) 16493.87 70627.21 86%.38
Total costs (u/ h) 9.80 43.07 5.18

Cost calculation for chippers and trgokere done on the basisf combinationof collected
data from chippeowners and from other sources like other studies and manuféctata.

Although Jenz HEM 700 and Pezzolato PTH 1300/1%@%e includedin time study Jenz
HEM 561 DQwasalso includedn cost calculationThe ideawasto cover wide range of
chippersaccording tasize.The datafor this chippemweretaken fromothersourcegSpinelli et
al ., 2007: Vusil, 2013)

The chipper and truckfetime is 8 years. Yearly working hours for chippers are 1600 hours.
This was based atine informationfrom chipper owners. There are no official calculation for
chippers in Bulnei &S0 dmiewmgcaldulated as 10%f purchase
value.
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of wood bi

Table28: Cost calculation for chippers and truck

Jenz HEM 700 Jenz BZM 561 Pelzgglc);;}t105§(')rH MercengS,ZCTROS

Lifetime (year) 8 8 8 8
Working hours per year 1600 1600 1600 1640
Purchase pri 3500®.00 2653%.00 5000@®.00 9828.00
Remained val 350@.00 265%.60 500@.00 9828.00
Depreciation(u / y)e ar 437%.00 3318.50 6250.00 1228.00
Investment (G / y)e ar 1378L.25 10448.39 19687.50 3860.78
Insurance(t / y)e ar 0.00 0.00 0.00 1730.32
Fixed costgu / y)e ar 57531.25 43617.89 82187.50 1788.10
ggf;t‘éfnzai; L!j""/‘”‘; ;"e”‘; r 2187.00 16584.75 3129.00 614250
g;’rf;(oj ";‘dsi)“eoga'rwear 44850 44850 44850 2691.00
Fuel costgli / y)e ar 11243113 843(8.10 149872.18 25208.11
Lubricant costs(l / y)e a 1124.41 843.31 14987.22 2520.31
Variable costs(i / y)e a r 1459@.04 10976.66 19655.89 33161.49
Fixedcosts@ / y)ear 5753L.25 43617.89 82187.50 1788.10
Variable costs 1 / y)e ar 14596.04 109766.66 19655.89 3316L.49
Workers costs(i / y)e ar 102%6.00 102%6.00 102%6.00 102%6.00
Totalcosts (1 / y)e ar 2137%.29 163610.55 288971.39 61272.59

5.6.2Unit costs

Unit coss of production were calculated by dividing the total casby the average
productivity per hour. Total cost is a sum of machiherse)and labor costsMachine or

horsecoss wereobtained by totalingixed costs and variable costs.

Cutting

Unit costs forcutting for both methodswere calculated forDBH classes of 5 cm and

presentedn U / *ifTable29).
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s of wood

Table29: Unit costs of cuttindpy harvesting methods

bi omass

DBH (cm) Assortment Half-tree length
a/m?
15 10.85 5.49
20 8.03 4.09
25 5.68 3.19
30 4.16 2.63
35 3.43 2.20
40 3.05 2.07
45 2.82 1.92
50 277 1.83
55 2.46 1.66
60 218 1.59
65 2.04 1.50
70 1.85 1.39

Figure 79 showsthat unit costs inthe assortment methodere higherthan inthe half-tree

length method for allDBH classes. AsDBH class ascend, difference between costs

decreasg
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Figure79: Comparison otuttingunit costsy methods
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Processing at the landing site

Unit cost of processing at the landing siteas calculated on the basief measured
productivity andthe cost structure of workerwhich was the same dhke cost of cutting
groups(Table 30)

Table30: Unit coss of processing at the landing site

Diameter (cm) a/°%m
10 0.89
20 0.80
30 0.63
40 0.40
50 0.28
Horse logging
Calculated cost of horse loggimgas5.1 5 G/ h, so unit cost for <cal

for invstigated stand conditiongas8.4 4 mé /
Skidding

Unit costsfor skiddingwerecalculatel in dependencef skidding distance, winching distance
and load volume (Tab$31 and32).
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Table31: Unit costs for skidding theassortment method
a/m?
Load volume ()
2 25 3 35 4 4.5 5 5.5 6 65 7 75 8
10 57 49 44 40 38 35 34 32 31 30 29 29 28
50 30 66 57 50 46 42 40 38 36 34 33 32 31 30
50 76 64 57 51 47 44 41 39 37 36 35 34 33
10 66 56 50 45 42 39 37 36 34 33 32 31 30
100 30 75 64 56 51 47 44 41 39 37 36 35 33 33
50 85 72 63 56 52 48 45 42 40 39 37 36 35
10 75 64 56 51 47 43 41 39 37 36 34 33 32
150 30 84 71 62 56 51 48 45 42 40 39 37 36 35
50 94 79 69 61 56 52 48 46 43 41 40 38 37
10 84 71 62 56 51 47 44 42 40 38 37 36 35
200 30 93 78 68 61 56 52 48 46 43 41 40 38 37
50 103 86 75 67 61 56 52 49 46 44 42 41 39
10 93 78 68 61 55 51 48 45 43 41 40 38 37
250 30 102 85 74 66 60 56 52 49 46 44 42 41 39
50 112 93 81 72 65 60 56 52 49 47 45 43 42
10 102 85 74 66 60 55 52 49 46 44 42 40 39
300 30 111 93 80 71 65 60 55 52 49 47 45 43 41
50 121 100 87 77 69 64 59 55 52 50 47 46 44
10 111 92 80 71 64 59 55 52 49 47 45 43 41
E 350 30 120 100 86 76 69 64 59 55 52 50 47 45 44
é % 50 130 107 93 82 74 68 63 59 55 53 50 48 46
3 § 10 120 99 86 76 69 63 59 55 52 49 47 45 44
3 400 é 30 129 107 92 82 74 67 63 59 55 52 50 48 46
g £ 50 139 115 98 87 78 72 66 62 58 55 53 50 48
é § 10 129 106 92 81 73 67 62 58 55 52 50 48 46
0 450 30 138 114 98 87 78 71 66 62 58 55 52 50 48
50 148 122 104 92 83 76 70 65 61 58 55 53 51
10 137 114 98 86 78 71 66 62 58 55 52 50 48
500 30 147 121 104 92 83 75 70 65 61 58 55 53 50
50 156 129 110 97 87 80 74 68 64 61 58 55 53
10 146 121 104 91 82 75 70 65 61 58 55 52 50
550 30 156 128 110 97 87 79 73 68 64 61 58 55 53
50 165 136 116 102 92 84 77 72 67 64 60 57 55
10 155 128 110 97 87 79 73 68 64 60 57 55 53
600 30 165 136 116 102 92 83 77 72 67 63 60 57 55
50 174 143 122 107 96 88 81 75 70 66 63 60 57
10 164 135 116 102 91 83 77 71 67 63 60 57 55
650 30 174 143 122 107 96 87 80 75 70 66 63 60 57
50 183 150 128 113 101 92 84 78 73 69 65 62 59
10 173 142 122 107 96 87 80 75 70 66 63 60 57
700 30 183 150 128 112 101 91 84 78 73 69 65 62 59
50 192 157 134 118 105 96 88 82 76 72 68 65 62
10 182 149 128 112 100 91 84 78 73 69 65 62 59
750 30 192 157 134 117 105 95 88 81 76 72 68 64 62
50 201 165 140 123 110 100 91 85 79 75 71 67 6.4
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Table32: Unit costs for skidding thehalf-tree lengthmethod
a/m?
Load volume ()
2 2.5 3 35 4 45 5 5.5 6 65 7 75 8
10 69 57 49 43 39 36 33 31 29 27 26 25 24
50 30 80 66 56 50 44 40 37 35 32 31 29 28 26
50 91 75 64 56 50 45 42 39 36 34 32 31 29
0 77 63 54 48 43 39 36 33 31 30 28 27 26
100 30 88 72 61 54 48 44 40 37 35 33 31 30 28
50 99 81 69 60 54 49 45 41 39 36 34 33 31
10 85 69 59 52 47 42 39 36 34 32 30 29 28
150 30 96 78 67 58 52 47 43 40 38 35 33 32 30
50 107 87 74 65 58 52 48 44 41 39 37 35 33
0 92 76 64 56 50 46 42 39 36 34 32 31 29
200 30 103 84 72 63 56 51 46 43 40 38 36 34 32
50 114 93 79 69 61 56 51 47 44 41 39 37 35
10 100 82 70 61 54 49 45 42 39 37 35 33 31
250 30 111 90 77 67 60 54 50 46 43 40 38 36 34
50 122 99 84 73 65 59 54 50 46 43 41 39 37
10 108 88 75 65 58 53 48 45 42 39 37 35 33
300 30 119 97 82 71 64 57 53 49 45 42 40 38 36
50 130 105 89 78 69 62 57 53 49 46 43 41 39
10 115 94 80 70 62 56 51 47 44 41 39 37 35
E 80 - 30 126 103 87 76 67 61 56 51 48 45 42 40 38
§ g 50 137 112 94 82 73 66 60 55 51 48 45 43 41
8 § 10 123 100 85 74 66 59 54 50 47 44 41 39 37
S 400 é 30 134 109 92 80 71 64 59 54 50 47 44 42 40
g £ 50 145 118 99 86 77 69 63 58 54 51 48 45 43
é § 10 131 106 90 78 70 63 57 53 49 46 43 41 39
n 450 30 14.2 115 9.7 8.5 7.5 6.8 6.2 5.7 53 4.9 4.7 4.4 4.2
50 153 124 105 91 81 73 66 61 57 53 50 47 45
10 138 112 95 83 73 66 60 56 52 48 46 43 41
500 30 149 121 102 89 79 71 65 60 55 52 49 46 44
50 160 130 110 95 84 76 69 64 59 55 52 49 46
10 146 119 100 87 77 70 64 59 54 51 48 45 43
550 30 157 127 108 93 83 75 68 63 58 54 51 48 46
50 168 136 115 100 88 79 72 67 62 58 54 51 48
10 154 125 105 91 81 73 67 61 57 53 50 47 45
600 30 165 133 113 98 87 78 71 65 61 57 53 50 48
50 176 142 120 104 92 83 75 69 64 60 56 53 50
10 161 131 110 96 85 76 70 64 59 56 52 49 47
650 30 172 140 118 102 90 81 74 68 63 59 55 52 49
50 183 148 125 108 96 86 78 72 67 62 58 55 52
10 169 137 116 100 89 80 73 67 62 58 54 51 49
700 30 180 146 123 107 94 85 77 71 66 61 58 54 51
50 191 154 130 113 100 90 82 75 69 65 61 57 54
10 177 143 121 105 93 83 76 70 65 60 57 53 51
750 30 188 152 128 111 98 88 80 74 68 64 60 56 53
50 199 161 135 117 104 93 85 78 72 67 63 59 56
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Chipping

Unit costs of clpping were calculated on the bastf raw materialinput and chippewoutput
(Table33). Roundwoodm®) was takeras an inpuaind chips volume (loose3ras an output
In chipping of stacked wood unit costereabout30% higher.

Table33: Unit costsof chippingbased on thestimated productivity

Jenz HEM 700 Jenz HEM 561 DQ Pelzég(')";tlosgg H Ac¥§r82d325 .
mj /(rbundwood) 51.00 31.00 60.00 -
Loosem| /(woodchipg 137.70 83.70 162.00
ua/ h 133.58 102.26 180.61 37.36
G / rfmgundwood) 2.62 3.30 3.01 -
U loosemj (wooc 0.97 122 111 -

Unit costs were expressed for factory projected chippers productialyg in order to
compare obtained unit costs with costs when chippers are working under full cgpablgy
34).

Table34: Unit costs of chipping based on tiaetory predictegroductivity

Jenz HEM 700 Jenz HEM 561 DQ Pelz;gg’}tl%gg H Ac¥2r8§d§25 4
mi/h (roun 60.00 45.00 100.00 -
l oose mj/h 162.00 121.50 270.00
G/ h 133.58 102.26 180.61 37.36
G/ mj (roun 2.23 2.27 181 -
G/ | oose mj 0.82 0.84 0.67
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5.7 WOOD BIOMASS UTILIZATION

The term of utilization of woodstands forquartitative and qualitative utilization of wood
volume from each tree in relatido thetotal tree biomass. ables for biomass estimation
were usedas a basdor this comparisor(D r i atiall 1980) They arein official use in
forestry of Republic of Srpska In those tables for each tree speceesl foreachDBH and
stand qualitythereis predictedtotal tree biomasgolumeandgross woodsolume Theterm
gross woodstands forwood of tree stem and branches above 7 Tne. dfference between
total biomass angrosswood are branchethinnerthan 7cm, twigs, leaweand stump.

5.7.1 Quantitative wood biomassutilization

Quantitative utilization was compared on the basis of tabunt ofwood obtained from
trees in each hargéng method. Figuré80 showsthat up to 50 cmDBH quantitatively
utilization wassimilar and above 50 cm difference occiir favor of the assortmat method.
This resultwasprobable a consequence of situation that in thetredflength method cutters
did not literally producestacked wood from each branch as in the assortment mdthey.
were more focused on the bucking of stem on the trangpatis and had intention that have
as less as possible stacked wdaoime thin branches stayed Amuncked.

12

10

. Produced wood volume V m? (assortment method)
~~_ Produced wood volume V m3 (half-tree length method)

0 10 20 30 40 50 60 70 80 90
DBH (cm)

Figure80: Utilization of wood by harvesting method
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Relation between estimated wood biomé3s i etil] 1980)and obtainediomassafter
harvesing was presented in the Figur8l As shown, by approximately 50 cnDBH
utilization of wood in both harvesting methoglasequal togross woodestimation After 50
cm therewas a difference in favor of both harvesting methods relatedqyrtiss wood
estimation.The dfferencewasmore significant in favor ofhe assortment thathe half-tree
length methodIn both harvesting methadutilization was below estimated total biomass
volume, whatwasexpected.

12

.V m?(half-tree length method)

10 .V m?(assortment method)

“~_ V m®gross wood (table estimation)
.V m® total biomass (table estimation)

0 10 20 30 40 50 60 70 80 90
DBH (cm)

Figure81: Utilization of woodbiomasgelated to estimation

Relativeutilization of woodbiomass in relatiomo the total wood biomass volume predicted
from estimation tables is presented in Tede

Table35; Relative utilization of wood biomass in relationthe estimated total wood biomass

Total wood biomass

DBH (cm) Assortment Half-tree length Table estimation
10 74.69% 53.42% 100.00%
20 88.59% 87.64% 100.00%
30 86.92% 81.71% 100.00%
40 78.09% 84.23% 100.00%
50 86.88% 86.79% 100.00%
60 99.17% 89.37% 100.00%
70 95.44% 92.39% 100.00%
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Relative utilization of woog biomass in relatioto the grosswood biomass volume predicted
from estimation tables is presented in Tee

Table36: Relative utilization of wood biomass in relation to estimapedswood biomass

Grosswood biomass

DBH (cm) Assortment method Half-tree lengthmethod Table estimation
10 132.87% 95.03% 100.00%
20 116.94% 115.68% 100.00%
30 105.49% 99.17% 100.00%
40 90.56% 97.69% 100.00%
50 99.00% 98.90% 100.00%
60 112.45% 101.33% 100.00%
70 108.07% 104.61% 100.00%

5.7.2 Qualitative wood biomassutilization

The analysis of qualitative utilizatiomasdone on the basis of mutual comparison of relative
share of wood classes obtained in both harvesting methods ahe lbasis of comparison

with estimated value from assortment tabl&sr (i etial, 1980). Quality classesvere
compared by diameter classehichhave beemsed in local forestry organizatiod3.r i ni | et
al. (1980) prepared tables for calculation of expected assortment structure for each tree
species. Inputs in taldeare tree spees, DBH and technical category of tree. Output is
expectedelative assortment structure according to JU$S D.B4.0D; JUS D.B4.028JUS
D.B5.020; JUS D.B5.023 JUS D.B4.022).Those tablesare used by forest managers to
predict assortment structure for each compartrirepurpose of planning and controlling of
production procesRealizedassortment structure should rdiffer from estimated in case
thatassortment tables are used in a properavedinput data are correct.

Codedfor wood classes are:

Fi veneer logs;

L 7 peeling logs;

I T sawlogs 1. class
Il T sawlogs 2. class
Il 7 sawlogs 3class
O fuelwood

< <K <K<K L

Fuelood occus in two forms, as a roundwood fuelwood and as a stacked fuelwood.
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5.7.2.1Qualitative wood biomass utilization on thengple plot Al theassortment method

As presented inthe Table37, theassortment structur@btainedon the sample plot Adliffers
from estimation for compartme®8 where sample plot was plac&dlogs were predicted but
were not fomd. Therewas lessfuelwood than predied, $.43% contraryto 76.94%. The
share of L logs and sawlogs of I, Il and lll classs higher than predictedn general
assortment structure was better than was predicted on the basis of assortment table.

Table37: Assortment structure dhesample plot Al theassortment method

Classes F L | Il 1] (@]

Estimated assortment structure from assortment table
Total 0.55% 1.09% 2.82% 7.65% 10.95% 76.94%

Obtained assortment structure

Total 0.00% 3.63% 12.23% 13.41% 17.29% 53.43%
10-15 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
g 15-20 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
% 20- 30 0.00% 0.00% 0.00% 5.26% 14.99% 79.74%
% 30-50 0.00% 4.77% 16.08% 16.18% 18.59% 44.38%
é 50- 80 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
>80 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

Whenlooking at the structure of fllgood onthe sample plot Al (Tabl88) it wasshownthat
roundwood fuelwoodvasprevailing(72.62 %) in relation to stacked fuelwood7(28 %). In
the lowerDBH class (1520 cm)theshare of stacked woadashigher (4.43 %).

Table38: Structure of fuelwood othe sample plot AL theassortment method

Roundwoodfuelwood Stacked fuelwood

Total 72.62% 27.38%

10-15 0.00% 0.00%

g 15- 20 55.57% 44.43%
é 20-30 80.36% 19.64%
3 30-50 70.24% 29.76%
é 50- 80 0.00% 0.00%
> 80 0.00% 0.00%
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5.7.2.2 Qualitative wood biomass utilization on the sample plati the half-tree length
method

As presentedn the Table39, the assortment structure obtained on the sample plot A2 where
the half-tree length methodvas performed also differs from estimation for compartment 98

bi omass

wherethe sample plowasplaced. F and L logs were predicted imatre not foundTherewas
lessfuelwood than predicte®8.38% contrary to 8.94%. The $iare of sawlogs of I, Il and IlI
classwashigher than predicted.

Table39: Assortment structure dhesample plot AR thehalf treelengthmethod

Classes F L I I 11 0]
Estimated assortment structure from assortment table
Total 0.55% 1.09% 2.82% 7.65% 10.95% 76.94%
Obtained assortment structure
Total 0.00% 0.00% 14.43% 9.74% 17.45% 58.38%
10- 15 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
zE: 15-20 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
é 20- 30 0.00% 0.00% 0.98% 1.85% 17.41% 79.76%
ij 30-50 0.00% 0.00% 25.75% 16.51% 19.28% 38.46%
QDQ 50- 80 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
>80 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

The dgructure of fuelwood orthe sample plot A2 (@ble40) shows that almost all fuelwood
wasin the form ofroundwood, 8.56% contrary t03.44% in form of stacked woadOnly in
higherDBH class (3650 cm) theravasa considerable amount of stacked wo®8@%0). This
is understandable on the basis of methodology of performed harvesting method.

Table40: The dructure of fuelwood othe sample plot AR thehalf treelengthmethod

Roundwood fuelwood

Stacked fuelwood

Total 96.56% 3.44%
_ 10- 15 100.00% 0.00%
8 15-20 100.00% 0.00%
% 20- 30 99.28% 0.72%
3 30-50 91.50% 8.50%
§ 50- 80 0.00% 0.00%

> 80 0.00% 0.00%
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5.7.2.3Qualitative wood biomass utilization on the sample Blbttheassortment method

When looking at the assortment structure obtained on the sample pdotdB&lation orthe
prediction from assortment table for compartmenit @asshownthat share of fuelwoodas
the same as predicted6(37% and %.17%) andwas decreasingith the increasingf DBH.

The $are of F logswvas significantly higher,4.7% toward1.18%. L logswere not found
although theravas a prediction for2.68%. The shareof sawlogs of | classvas higher and
share of sawlogs of Il and Ill claggasless than predicte@able41).

Table41: Assortment structure dhesample plot Biltheassortment method

Classes F L | 1l 1l (@]

Estimated assortment structure from assortment table

Total 1.18% 2.68% 6.88% 14.48% 18.41% 56.37%

Obtained assortment structure

Total 4.70% 0.00% 18.38% 9.59% 11.16% 56.17%

10-15 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

g 15-20 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
é 20-30 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
;ﬂj 30-50 0.00% 0.00% 2.94% 12.42% 17.56% 67.08%
QQQ 50- 80 5.49% 0.00% 21.07% 9.52% 10.66% 53.27%

>80 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

The gructure of fuelvood onthe sample plot B1 (Tablé2) shows that relative share of
roundwood fuelwoodvas higher than stacked wood§85% contrary to 3.47%). With the
increaseof DBH share of roundwood fuelwood is decreasing.

Table42: The dructure offuelwood onthe sample plot Bl theassortment method

Roundwood fuelwood Stacked fuelwood

Total 68.53% 31.47%

10-15 0.00% 0.00%

g 15- 20 0.00% 0.00%
é 20-30 87.01% 12.99%
% 30-50 75.31% 24.69%
é 50- 80 66.24% 33.76%
> 80 0.00% 0.00%

110



Mar|l eta D. Comparison of technoltangd. es of wood

Doctoral dissertation. Ljubljana, University of Ljjdnha, Biotechnical faculty, 2015

5.7.2.4 Qualitative wood biomass utilization on the sample [@ati the half-tree length
method

The @sortment structure obtained on the sample plot B2 whefwlf-tree length harvesting
methodwas performed andhe prediction fromassortment tab$for compartment 65 differ
significantly. ltwasshownthat obtained share of fuelwoadslower than predicted #26%

contra %.37%). Relative share of all other classes, excagwlogs of Il classyas higher

than predictedlt canbe said that obtained assortment structuas much better tharthe
estimatedone from assortment tables for a respective compartment i.e. stand conditions
(Table43).

Table43: The asorment structure othe sample plot B- the half-tree length method

Classes F L | 1] 1l (e

Estimated assortment structure from assortment table

Total 1.18% 2.68% 6.88% 14.48% 18.41% 56.37%
Obtained assortment structure

Total 2.69% 4.18% 28.42% 15.43% 5.02% 44.26%
_ 10- 15 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
E 15-20 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
é 20- 30 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
% 30-50 0.00% 0.00% 30.09% 20.93% 5.55% 43.43%
% 50- 80 3.32% 5.15% 28.44% 14.44% 4.97% 43.68%

>80 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

The gructure of fuelwood orthe sample plot B2(Table 44) shows that relative share of
roundwood fuelwoodvashigher than stacked wood(81 % contrary to 2.99 %). Withthe
increaseof DBH share of roundwoqgduelwood is decreasing. Up to tBBH 30-50 cm there
wasno stacked woodtwhole.

Table44: The dructure of fuelwood orthe sample plot Bi the half-treelengthmethod

Roundwood fuelwood Stacked fuelwood

bi omass

Total 80.01% 19.99%
= 10-15 0.00% 0.00%
§ 15-20 100.00% 0.00%
é 20- 30 100.00% 0.00%
3 30-50 84.50% 15.50%
% 50- 80 78.40% 21.60%

> 80 0.00% 0.00%
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5.7.2.5Qualitative wood biomass utilization the assortment methoth general

In general in the assortment method for both sample plotsaveragerelative share of
fuelwoodwasless than predicted (Tabdk). Share of F logsvashigher and L logs smaller.
The gructure of sawlogs shows that obtained share of sawlogs Il and Illweésssightly
lower than predicted and share of sawlogs of | chasssignificantly higher (5.09% contrary
to 5.50 %).

Table45: The asortment structure e assortment method

Classes F L | Il 1] (@]

Estimated assortment structure from assortment table
Total 0.97% 2.14% 5.50% 12.15% 15.87% 63.37%

Obtained assortmestructure

Total 2.95% 1.35% 16.09% 11.02% 13.45% 55.15%

10-15 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
g 15-20 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
é 20-30 0.00% 0.00% 0.00% 4.31% 12.27% 83.42%
;ﬂj 30-50 0.00% 3.80% 13.41% 15.41% 18.38% 49.00%
QQQ 50- 80 5.49% 0.00% 21.07% 9.52% 10.66% 53.27%
>80 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

The $are of stacked fuelwoodas about 30% (Table46) and after 20 cmDBH was
increasingconstantlyin relation to roundwood fuelwood.

Table46; The gructure of fuelwoodn theassortment method

Roundwood fuelwood Stacked fuelwood

Total 70.01% 29.99%

10-15 0.00% 0.00%

g 15- 20 55.57% 44.43%
é 20-30 81.81% 18.19%
(_;U 30-50 71.65% 28.35%
UDJ 50- 80 66.24% 33.76%
> 80 0.00% 0.00%
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5.7.2.6 Qualitative wood biomass utilization the half-tree length method in general

In thehalf-tree length harvesting method assortment structure difterspredictedtheshare

of fuelwoodwaslower than predicted @37% contrary to 9.45%) andthe share of all other
classes except sawlog$ 11l class was higher (Table 47). The dfferencewas particularly

notable at sawlogs of | class

Table47: The asortment structur@ the half-tree length method

Classes F L | 1] 11l (@]

Estimatedassortment structure from assortment table

Total 0.97% 2.14% 5.50% 12.15% 15.87% 63.37%

Obtained assortment structure

Total 1.70% 2.64% 23.27% 13.34% 9.50% 49.45%

10- 15 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%

E 152 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
% 20- 30 0.00% 0.00% 0.94% 1.78% 16.73% 80.54%
§ 30- 50 0.00% 0.00% 27.31% 18.10% 1435%  40.24%
B  50-80 3.32% 5.15% 28.44% 14.44% 4.97% 43.67%
> 80 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

For the halitree length harvesting method in the whole relative share of fuelwood shows that
roundwood fuelwoodvasvery dominant over stacked fuelwood @)% contrary to 2.80%)

(Table 48). This was expeced because one of thpresumptionsof the halftree length
harvesting methodasthat production of stacked woathould be as less possiliefavor of
roundwood fuelwood.

Table48: The gructure of fuelwoodn the half-tree length method

Roundwood fuelwood Stacked fuelwood
Total 87.20% 12.80%
= 10- 15 100.00% 0.00%
E 15- 20 100.00% 0.00%
é 20- 30 99.32% 0.68%
@
© 30-50 88.79% 11.21%
é 50- 80 78.41% 21.59%
>80 0.00% 0.00%
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5.7.2.7 Comparison otheassortment structutgetween harvesting methods

Comparison othe assortment structure was done between harvesting methods in the same
compartment and in the whole.

As shownin Figure82, for the compartment 98themost significant differencevasat L logs
wherein the halftree length method thesegs were not foundat all. With both harvesting
methods appliedthe share of sawlogwaslarger than predicted, artte share of fuelwood
wasfewer.

90%

HA1L - assortment
80%

HA2 - half-tree length
70%

u Estimated from assortment table
60%

50%

40%

30%

20%

10%

0% |~ I—
F L [ I I o]

Figure82 The asortment structure itme compartnent 98 (sample plots A1 and A2)

When looking & the structure of fuelwood ithe compartment 98the share of stacked
fuelwoodwassignificantly fewerin the half-tree length harvesting method (Fig&3.

100%
90%

HAl - assortment
80%

# A2 - half-tree length

70% -

60% -
50% -

40% -

30% -
20% -

10% -

0% -

Roundwood fuelwood Stacked fuelwood

Figure83: The dructure of fuelwood irthe compartment 98 (sample plots Al and A2)

In the compartment 65 relation of predicted and estimated structuresshatweldive share
of high value logs (L, land Il) obtainedwas higher than predictedThe talf-tree length
harvesting method gave better structure in L, | and Il classtfigsassortmeninethod except
F logs where better resultsereobtained irtheassortment methodrigure84).
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Figure84: The asortment structure irompartment 65 (sample plots B1 and B2)

When looking &athe structure of fuelwood in th@mpartment 65 share of stacked fuelwood
wassignificantly fewerin the half-tree length harvesting method (Fig&&s).
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Figure85: The dructure of fuelvood inthe compartment 65 (sample plots B1 and B2)

Comparing ofthe assortment structursummaryobtainedon the all sample plots in both
harvesting methods with the predicted structure in generahs showrthat obtained share

of higher value logsvashigher, than predited anadhe share of fuelwoodvasless.Looking

at the relation between hartieg methodsit was shownthat the half-tree length method

gives betterassortment structure in high value lpgscept F loggFigure86).

These results represent a significant problem for forest managers because it is shown that
predictions for assortment structure were falReasons for that could be inproper evaluation

of tree categories during marking of trees for cutting, inaccdoaiest inventoriy or some

other
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Figure86. Assortment structure by harvesting methods

In the halftree length method there is presumption that from the same stand gets better
assortment structure. Main reason for thabesausdinal processing is done #he forest

landing site where wood is concentrate and it can be chosen bests workers, who proved to be
specialists for JUS.

Looking at the structure of the fuelwood obtained in the whole experiment it was shown that
there was a notable difference in sense that thetreaiflength harvesting method produced
smaller amount of stacked wood which had an important consequen@nspott and costs

of process in the whole (Figu8s).
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Figure87: Structure of fuelwood by harvesting method
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5.7.2.8The value of wood

The value of wood was calculated on the basithefassortment striiere and prices of wood
thatwerevalid in Republic of Srpskat the moment of calculatio@une, 2013)Table 49).

Value was calculated in purpose of comparing how applied harvesting method irdluence
values ofproducedvood.

Table49: Prices of wood

Class Prices of wood(Uu/ mj)
F 140.51
L 94.36
I 60.68
1 46.67
1l 35.56
O 30.26

The \alue of woodwascalculated as a weighted value basedhn@amount andhe value of

each class (Tablg0). It is obviousthat in both harvesting methods obtained average value of
wood washigher than predicted. On the sample plot @%sortment methodjigher value

was obtained than on te (half-treelengthmethod) 39.42 G / wgntrary to 3.17 G / non

the sample plot B3half-treelengthmethod) higher averag&alue was obtainethan on the

B1 (assortment method®#7.35 4 / mj c o B2 aulr Resyltsofor gample plots B1 and

B2 confirm research hypothesis that in Hadfe length method qualitative utilization of wood
biomass is better, but for sample plots A1 and A2 where average wood value is similar
(considering that DBH on Al is 3 cm largdran on A2), this research hypothesis is not
confirmed.Table50: Average prices of wood obtained

Sample plot Harvesting method Obtained Yvood yalue Predicted Yvood yalue
(a/ mj) (al mj)
Al Assortment 39.42 34.26
A2 Half-tree length 37.17 34.26
Bl Assortment 43.20 38.72
B2 Half-tree length 47.35 38.72
Al and B1 Assortment 41.79 37.20
A2 and B2 Half-tree length 43.60 37.20
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The \walue of wood byDBH classes is presented in the Table In upperDBH classes
difference is mor@aotablein favorof the halftree length method.

Table51: The walue of wood bypBH classes

Assortment method Half-tree length method

Value (a/ Value (a/
10- 15 0.00 30.26
E 15-20 30.26 30.26
g 20- 30 3161 3172
3 30- 50 40.27 42.30
é 50- 80 44.84 4850
>80 0.00 0.00

When processingt the landing site there is presumption that workdme work at wood
classificationeasier detect errors which can influence on the wood cla@bg®usly it came
to the fore more at the thicker logstims case.
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5.8 DAMAGES

Damagesveremeasured othesample plots after felling and skiddimgsdone, as described
in methodology.

5.8.1 Damages on theample plot A1 i the assortment method

On the sample plot A1 77 damagesre evidenced orthe 55 treesin total. The rumber of
damages per treearied from 1 to 3.From 55 damaged tree35 had 1 damage, 18 had 2
damageper tree and 2 trees had 3 damadée aeragewidth of damagewvas21.84 cm ad
variedfrom 2 cm to 100 cmDamagesverebelow 20 cm widemostly.

Average height of damagess8.06 cm and varié from 1 cm to 2 cm.The damage dight
wasbelow 10 cnmostly.

The averagedamagesurface was 1869 cnt andvariedfrom 3 to 1200 cth In most cases
the surfacewasbelow 200cn.

Height on the standing tree where damagege evidence was 8.69 cm andvariedfrom 5
cm to 330 cmDamages occurred mostly below haigh50 cm on the tree

Measuringthe distance fromthe skidding trail whee damageoccurred showed thahe
average distanceras 19.17 m andvaried from 0 to 50 m.It is obviousthat damages are
slightly more frequently closer to the skidding trail, whaisexpectedecause more wood is
bunched closer to skidding trail

When looking at the distance frothe landing site orthe beginning of skidding trail itvas
shownthatdamagesveremore or less evenly distributed

The dstribution of DBH of damaged tres showedthat damages mostly occan thetrees
from 5 cm to 30 cm.

5.82 Damages on the sampl@&2 i the half-tree length method

On the sample plot AZ9 damagesvere evidenced orthe 53 treesin total. Number of
damages petreesvariedfrom 1 to4, 37 trees had 1 damage per tréehad 2damageger
tree, 4trees had 3 damageand 3 trees had 4 damages

The averagedamagewidth was 3.70 cm andvariedfrom 2 cmto 9 cm. Mostly damages
were below 8 cm wide

The arerage damageeightwas8.91 cm andvariedfrom 2cm to40 cm. The damage height
wasbelow 10 cm mostly

The arerage damagsurfacewas 277.25 cn? and varied from 4 to 1950 cn. In most cases
thesurface was below 200 ém

The arerage height on the standing tree where damages were evideas88.01 cm and
variedfrom 5 cm tol50cm. Damages occurred mostly below heigd®tm on the tree.
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Measuringthe distance from skidding trail where damage occurred showedhhawverage
distancewas 13.46 m andvaried from 0 to 45 m. It is shownthat damagesvere more
frequently closer tthe skiddingrail; mostly theywereon the edge treesrhatwasexpected

When looking at the distance from landing site or beginning of the skidding tra@st
evidenced that damaga®stlyoccurredat the middle of length of the skidding trail

Thedistribution of DBH of damagedreesshowed that damages mostigcured on the tree
from 15 cm to 30 cm

5.83 Damages on the samplplot B1i the assortment method

On the sample plot B1 52amagesvereevidenced on 3®&eesin total. From total number of
damagedrees 28 had 1 damage per trehad 2 per treand 1 tree had 1 damage

The average damage widtlvas31.44 cm andvariedfrom 4cmto 130cm. Mostly damages
were below 40 cm wide

The average damagbeightwas 12.17 cm andvaried from 2 cm to 45cm. The feight of
damagesvasfrom 5 to 15cm mostly

The average damagsurfacewas407.52 cnt and varied from 8to 2470cn?. In most cases
thesurface wasip to &0 cnf.

The average height on the standing tree where damagesevidence was 40.37 cm and
variedfrom 5 cm to 20@m. Damagesaxurred mostly below height oD&m on the tree.

Measuringthe distance from skidding trail where damage occurred showed that average
distancewas 16.92 m andvaried from 0 to 45 m. ltis shownthat damagesvere more
frequently closer to the skiddirigail; mostly theywereon the edge trees.

When looking at the distance from landing site or beginning of the skidding tra@st
evidenced that damages mogibticurredat the middle of length of the skidding trail

Distribution of DBH of damagedreesshowed that damages mostgcured on the tres
from 15 cm to 30 cm

5.84 Damages on the samplplot B2 i the half-tree length method

On the sample plot B2 58 damagesreevidenced on 40 trees total. Number of damages
per treevariedfrom 1 to 4, 30 trees had 1 damage per 2dgd 2damageger trees trees
had 3 damageand3 trees had 4 damages.

The arerage damage widtlvas31.22 cm andvariedfrom 3 cm to 05 cm. Mosty damages
were below B cm wide

The average damageeightwas13.83 cm andvaried from 3 cm to54 cm. The damagedight
wasfrom 5 to 15 cm mostly.
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The aerage damagsurfacewas495.84 cnv andvaried from 18 to 3403cn?. In most cases
surface was up t600 cnf.

The average height on the standing tree where damagesevidenced was 4.52 cm and
variedfrom 5 cm tol30cm. Damages occurred mostly below heigd®tm on the tree.

Measuringthe distance from skidding trail where damagecurred showedthatthe average
distancewas 8.76 m andvaried from O to 42m. It is shownthat damagesvere more
frequenly closer to the skiddintrail; mostly theywereon the edge trees, what was expected

When looking at the distance from landing site or beginning of the skidding tra@st
evidenced that damages mosibcurredat the middle of length of the skidding trail

Distribution of DBH of damaged treeshowedthat damages mostlgccured on the tres
from 30cm to40cm.

5.8.5 Comparison of sample plots by damages

The rumber of damages per sample plot and per hectare is presetitedRigure88. It is

noticeablehatthe number of damages atlde number of damages per tree was highethen
sample plots Al and A2 than on tB& and B2. It is understandabiden consideng thatthe

averageDBH on sample plots A1 and ARassmaller andhenumber of trees per hectasas
higher.

The rumber of damaged trees perwassimilar regardleshavesting method, 3.4 trees’ha
on Al (assortment metho@dnd 5.8 trees’haon A2 (half-tree length methodpr 10.4 trees’ha
onB1 (assortment metho@d)nd 11.6 trees’lhaon B2 (half-tree length method)
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@ Number of damaged trees

4 Number of damages/ha

30 - ® Number of damaged trees/h
20 -

10 -
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Al (assortment) A2 (half-tree length) B1 (assortment) B2 (half-tree length)

Figure88: Number of damaged trees

Comparing odimension of dmages by sample plots (Fig@®) it wasshownthat in general
damages othesample plots Blassortment methodnd B2(half-treelength methodyvhich
have larger averageBH werelarger, by width and height.

Within the same harvestingethod the average width of damageas 43.9% larger onthe
sample plot B assortment methodhan onAl (assortment metho@nd21.5% on B2(half-
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tree length methodhan A2 (half-tree length method)/ith the height of damages situation
wassimilar. Onthe sample plotB1 (assortment methodhe average height of damagess
50.9% largerthan onthe sample plotAl (assortment methodnd 55.2% on B2 (half-tree
length methodjhan A2(half-tree length method)

When comparing damages betwélaassortment anthe half-tree length harvesting method
it wasshown that the damageédth was 17.6% larger on AQhalf-tree length methodhan on
Al (assortment methodjample plot. On sample plots B1 and @2lf-tree length method)
theaveragalamagewidth wassimilar.

The arerage damageheight was 10.5% larger onthe sample plot A2(half-tree length
method) than on Al(assortment metho@dnd B.4% on B2(half-tree length methodjhan on
B1 (assortment method)
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Al (assortment) A2 (half-tree length) B1 (assortment) B2 (half-tree length)

Figure89: Average sizes of damage sgmple plots

When looking at the average surface per sample platgsitoncluded thatlamagesurfacen
generalwaslarger on sample plots with larger average staBdH for 120% (B1 contrary to
Al) and B.8% (B2 contrary to A2) (Figurg0).

Within the same harvesting methttk averagedamagesurfacewaslarger on sample plots
with the half-tree length harvesting method, 50#&re larger damages on sample plot A2
(half-tree length methoddhan Alassortment methodgnd 2.7% on B2 (half-tree kbngth
method) than B1 (assortment method)
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Figure90: Averageinjury surface of damage by sample plots

The treedamageswere slightly higheron sample plots with higheDBH, approximately
45.52 cm on B2 (half-tree length methgdand .37 cm onB1 (assortment)Figure 91).
Generally it wasshownthat only onthe sample plot BZhalf-tree length methodhedamage
heighton the tree differs from others.
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Figure91: Averag height of damages on the tree

The areragetreedistance of where damagescurredfrom skidding trail on all sample plots
was below 20 m. On sample plots whdhe half-tree length harvesting method was
performed average distanoesresmaller, B.46 m (B2) and8.74 m (A2), contrary to 9.17

m (Al) ard 16.92 m(B1) (Figure92).
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Figure92: Average distance of damages from skidding trail

The average distance from landing site or beginning of skidding trail which leads from
landingsite is presented in the Figusa.
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Figure93: Average distance of damages from landing site

Average DBH of damaged trees is presented in the Figede In the half-tree length
harvesting methqdDBH of damaged trees watightly higher than irthe assortmenimethod
24.62 cm contrary to 249 cm, and 9.80 cm contrary to 363 cm.
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Figure94: DBH of damaged trees
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6 DISCUSSION
6.1 RESULTS DISCUSSION
Felling

The dare of stacked woodassignificantly lower atthe half-tree lengthmethod than irthe
assortment1.95% (A2 - the half tree length methgdcontra 5.53% (Al - the assortment
method and8.12% (B2 - the half tree length methddcontra 7.13% (B1 - the assortment
method.

Obtainedresults were expected if consiohg the description ofharvestingmethods.In the
assortment methodtacked wood was made from branches and from thinner pattee of
stem, whilein the half-tree length method was mae only form branches.

The decision where a point on the stem isvhere producing of roundwoodstops and
producing of stacked woostartswas based orthe decision of forest techniciahere are
recommendationsegarding bucking, imperation plansvhich are preparefbr eachspecific
compartmentand they should be followeducking optimization requires simultaneous
consideration of stem dimensions, quality, log length and prices (Wang et al., 2007).

The difference inthe amount of stacked wood within the same harvesting metlasdhigher

on sample plots with smaller average tree diamet#hin the same harvestingethod. The
reason could be that thicker trelkad relatively bigger amount of branches above 7 cm
diameter from which stacked woodasproduced.

The arerage number of assortments per tree obtained was snmallee half-tree length
method,1.81 piecesper tree (A2- half tree length methgdcontrary t02.23 pieces per tree
(Al - assortment methgdand 4.77 (B2 - half tree length methgdcontrary t06.23 (B1-
assortment methddThe dfferencewas slightly bigger on sample plots with larger DBH,
19% (A2 contra Al)and 23%B2 contra B1)

The dameter of assortments was lowerthe half-tree length method than the assortment
one 20.01 cm (A2- half tree length methgdcontrary to 8.73 cm (Al assortment methdd
and 5.90 cm (B2- half tree lengthmethod contrary to 3.83 cm (B1- assortment methgd

The reason for such differenogas the fact thatin the half tree length method logsere
relatively longer andwas stretching into thinner part othe stem,into a partwhich in the
assortment methodas bucked in to the stacked wodtkre the emphasis is in the faittat
firewood is a part of the same lagtechnical woodcombined log)what makes skidding of
lower value wood cost competitifeK 0, i2r0 0 9 :al, 8% i | et

The aerage length of assortments was smaifeithe assortment methods.16 m (Al-
assortment methddcontrary t08.83 m (A2 - half tree length methgdand 4.95 m (Bl
assortment methgaontrary t03.66 m (B2- half tree length methgd

The length of logsin the assortment method mostly deperftbm dimension and quality
Those aremaininputs forwood classification In the half-tree length methqdhe kengthwas
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dominantlylinked to skidding options. In this case density of remaining trees was limiting
factor in most caseddousavi (2009) in his research found maximlag length in shortog
methodof 5.6 m, and in longog method minimum length was 7.80 m. These results are in
complancewith this research

As a consequence of length and diameter, volume of assortments wasirbidpgdralf-tree
length method 19%A2 contra Al)on sample plots with smaller DBH and 2782 contra
B1) on plots with larger DBH.

Relative structure of pductive work time showed that work operatioRsoduction of
fuelwood and Stacking of fuelwood consuinelatively less time irthe half-tree length
method than ithe assortmenbne 9.22 % and 2.1% andin the half-tree length and7.75%
and D.56% in theassortmentmethod respectively

Work operationDelimbing consumedrelative larger sharef time in the half-tree length
method, 3.73% contrary to R.86% in theassortment methodhis could be explained by the

fact that in upper parts of stem ihe assortment method Delimbing can overlap with the
Production of fuelwood and it is hard to define the border between those two operations
during the time studipecause of inconsistent work of cutter

The gructure of allowance timewvassimilar in both methods, coefficient odllowancetimes

were 1.30 for the assortment and.31 for the half-tree length methodZz e | i | and Mar e
(2005) found allowance time for cutter$8 and 170 for two groupsGhaffarian et al. (2013)

found total delays timefd.9% of total work time.

Regression and correlation analysis showed that in both methods operation Moving did not
show dependence frorthe distance, whatwas contrary from some other studjebke
Kluender and Stokes (1996)rees marked for felling were equally distributecthe stand

and thatould be reason for thathe reason coul@lsobethe workes discipline.

Preparing ofwork placedid not show significant dependence from axaminedfactor as
well. Other work perations showed more or less strong significant dependence from DBH.
Lortz et al. (2007) concluded that DBH hsongestmpact on felling productivitylsa

Productivitywas constantly increasing with increasing of DBH andéshigherin the half-

tree length method thain the assortmenbne These results are in compliance with some
other authors who performed studies where compared different felling and processing
methods (Nagdhi, 2005; Adebayo et al., 2007; Mousavi, 2009)

Reason becausealf-tree lengthwas more productivewas in the fact that some working
operationsvereavoided or minimized in halfee length method, likeroductionof fuelwood
and Sacking of fuelwood. Alsowork operationProcessingvas mostly transferred to the
landing site whereouldbe done irmore productive way.
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Skidding

Number of pieces in loa#vas similar in both methods 9.94 (A1) and 9.00 (B1) in the
assortment method and.@9 (A2) and9.57 (B2) in the half-tree length method.

The possiblaeason forthat would bethat numberof pieceswas rathera result of skidder
hooking capacitythanthe volume or length of piece§o theskidder alwaysvorkedbelow

its optimum capacityThis is interesting for forest managers because it was shown that the
assortment method in beech forests do not albpivmal using of capacity of LKT 81T
skidder.

The areragepiecevolume was notably bigger atthe half-tree length method).28 m® (A1)
cortrary t00.33 n? (A2) and0.57 m® (B1) contrary t0.75 n® (B2). The dfferencewasmore
noticeable on sample plots with bigger average piece.

As a consequence difie previous,the average load volume ithe assortment method was
2.80 m® (A1) and4.98 n® (B1), and3.56 n?® (A2) and6.62 nt (B2) in the half-tree length
method.The arerage loadvas22% and 25%argerat the half tree length methodnderthe
same conditionsMousavi, (2009) in his study evidenced similar load volume for dbgrt
and longlog. His definition of shodlog and longlog are comparable with assortment and
half-tree length method.

The arerage length of pieces theassortment method w&s38 m (A1) and5.30 m(B1), and
8.97 m(A2) and9.19 m(B2) in the half-tree length method’he average length of piecesgas
40% and 42% largen the half-tree length method.

Looking at duration of individual work operations it can be seenthktaded drivel.oaded
drive and Hbokingweremost time consuming operations.

Relative share of each individual operation in productive work tiagvery similar at both
methods.

Multiple linear regression analysis showed that work operations degerainly of distance
and load volume at blo methods. Loaded drive dependenin dstance and load volume.
Strength of correlation relationshiyassimilar at both methods.

These findingsverein compliance with other research&gang et al. (2004) found that load
volume and skidding distance have main influence on cycle time. Soreeresearchers
reported that skidding distanceg volume, winching distance and trail slope have strong

i mpact on productivity (Ghaffaryan et al .,
2005).

Only Forming of load atthe half-tree length method did not shaavsignificant difference
from any examined variabl&@he eason may ba consequence dhe small sample because
this operation did not appear at each work cycle.

Coefficients of allowance time for skidding are 1.30and 31. Zel i I and Mar en
allowance time coefficients for two skidders, 1.29 and 1.24. Horvat et al. (2007) for Ecotrac
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120V foundallowance time coefficients 34 for hilly mountain site and 1.18 for mountainous
site.

Skidding costswere 17% am 40% lowerin the half-tree length method when all other
conditionswereidentical. The difference in costashigher whemaverage piece volumeas
higher.Mousavi (2009) concluded similar in comparing of skidding of {mggand shoHog.

Processingt the landing site

Processing at the landing site was investigatdatie half-tree length harvesting methobthe
result showed thaheshare of delaysas59% and productive time 41%

The «planation for relative dominant share of delays is the fattwiorkers who performed
processing alswereinterrupted by truckswhich were comstantly arriving for shippingAlso,
workers often needed help of the crane to retrieve giace

Residuie whichoccured at the landing site after processing was chipped together with the
fuelwood. The anount of residue was 2 %hon 100 ni of roundwood.Thosewere parts of
wood which remaired after processingat the landing sitePositive thing is that residue was
relative well concentrated and suitably for chipping.

Chipping

Chippingwas doneat the forest landing siteith the mobile chippers JENZ HEM 700 and
Pezzolato PTH 1300/1500. Both chippe&rsre fed with the crane Palfirg Epsilon 120 Z
plus mounted on the truck Mercedes Benc Actros 2654.

Conversion coefficient from solid wood volume into loose chips volume was calt aladt
was2.7. In opposite way, from loose to solid’monversion factor was 0.37.

When chipping of stackednstead of roundwooduelwood productivity was 9.5% lower.
The reasonfor thatwasthat cranecould not achievefull efficiency when manipulating with
the stacked wood, especially when stacked wwasnot piled. This was highly dependable
of the operator skills.

Both investigated chippers achieMess productivity thamvaspredicted by manufagcter. At
the landing site manipulating with the chippers crane and feedinghaidjo smoothly
because of limited space.

Cost @lculation of chippershowed that bigger chippers hiagver unit costsbut because of
inability to achieve full capacity at forest landing site and because of their dimensions which
hinder the manipulatignt can be recommended using of chippers of Emaapacity like

Jenz HEM 561 D@r even smaller

When it comes to transportation it is noticeable that there should be enough chips containers if
we want that chippers work under full capacity. Spinelli et al. (2007) also found that chipping
at thelanding site is technically very effective method but requires close coordination of the
transportation fleet.
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Wood biomass utilization

Quantitative utilizatiorwascompared on the basis of total wood obtained from trees in each
harvesting method and showehat up to 50 cnDBH quantitatively utilizationwas similar

and above 50 cm differenocecurredin favor ofthe assortment methodlain reason for that
wasthat trees above 50 cm DBH hadarge amount of branches whialerenot in the whole

cut in the stacked wood.

While performing the half-tree length methqdthere was attentiorirom side of forest
technician and cuttetbattheamount of stacked wood produced would be as less as possible.

Relation between estimated wood biomass utilization and obtained after harsbstned
that by the approximately 50 c@BH utilization of wood in both harvesting methodss
equal to estimation fogross woogdwhat is expected because gross wood assuvoed of
stem and branches over 7 cm diameter.

After 50 cm theravasa difference in favor of both harvesting methods relategtdes wood
estimation.These results showed that assortment tables which are in use for beech did not
give precise estimatis or that forest managetil not follow exact procedure for prediction.

In both cases thiss not acceptable in terms of planning of business efficiency of forest
companiesThe dfferencewasmore significant in favor ofhe assortment thathe half-tree

length method.

In both harvesting methgdutilization was below total estimaed biomass value, whatas
expected.

Quality classeswere compared by diameter classes whislere used in local forestry
organizationsComparison othe assortmenttsucture was done between harvesting methods
in the same compartment and in the whole.

In the compartment 65he most significant differencevasat L logs wherein the assortment
method these logsverenot found at all.In both harvesting methods appljesthare of sawlogs
waslarger than predictedndthe share of fuelwood was fewer.

The half-treelength harvesting methad generalgave better structure in L, | and Il class than
the assortment method, except F logs where better reselts obtainedin the assortment
method.

Comparing of summarythe assortment structure obtained on the all sample plots in both
harvesting methods applied with the predicted strucgpeaking in genat, obtained share

of higher value logsvashigher than predicted artte share of fuelwood was lesRelation

between harvesting methoslsowsthatthe half-tree length method gigdgi bet t er 0 assor
structure in high value logs, except F logke ea®n could be the fact that wogadocessing

in the half-tree length method was done at the landing site where\tresbetter conditions

for processing in term of visibility, technical performance and that job was doaarian

who wasa specialist fobuding.
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The \alue of wood was calculated as a weighted value bas#te@mount andhe value of
each class of woodt wasshawn that in both harvesting methods obtained average value of
wood washigher than predicted. On the sample plot @$sortment methodjigher value
was obtained than on the ARalf-tree length method9.42 4 / wgntrary to 3.17 4 / ndin

the sample plot BZhalf-tree length method)igher average valueas obtainedhan on the

B1 (assortment methodd7.35 0 / wantrary to 8.200 / mj

Damages

The rumber of damages artde number of damages per tree was highethensample plot
Al (assortment methodand A2 (half-tree length methodjhan on theB1l (assortment
method) and B2 (half-tree length method)it was unerstandablewhen consideng that
averageDBH on sample plots A1 and ARassmaller andhenumber of trees per hectasas
higher.

The rumber of damaged trees per Was similar regardlesghe harvesting method, 514
treeghaon Al (assortment metho@nd15.8 treeshaon A2 (half-tree length methodpr 10.4
treeghaon B1 (assortment methd@nd11.6 treeshaon B2 (half-tree length method)

Within the same harvesting methdtie average width of damageas 43.9% larger onthe
sample ploB1 (assortment methodhanon Al (assortment methodnd 2.5% on B2(half-
tree length methodhan A2(half-tree length methodith the damagéeight situationwas
similar. On sample pld81 (assortment methodhe averagedamageheightwas50.9% larger
than on sample pl&l (assortment methodnd %.2% on B2(half-tree length methodhan
A2 (half-tree length method)

When comparing damages betwélaassortment anthe half-tree length harvesting method
it was shownthat damagewidth was 17.6% larger on A2(half-tree length methodhan on
Al (assortment methodample plot. On sample ploBl (assortment methodnd B2(half-
tree length methodhe averagalamageavidth wassimilar.

The areragedamageheightwas10.5% larger orthe sampleplot A2 (half-tree length method)
thanon Al (assortment methodind 1.4% on B2 (half-tree length methodXhan onBl1
(assortment method)

Within the samestand conditionsthe averagedamagesurfaceis larger on sample plots with
the half-tree length harvesting method, 50% are larger damagése@ample plot A2 tan
Al and 2.7 on B2 than B1.

Difference in damage size is a consequence of longer pieces in the load in-theehaligth
method which hider manipulation of load withhe skidder. Usually distance between
skidding trails is 100 m. If the distance is reduces and cutters pay more attention to directed
felling there are preconditions that damages in-tra# length reduce.
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of wood bi

Comparison of systerwoss

In order to comparehe harvesting system productivity and sosthere all workers and
production phasewere includedthe simulation for 100 mof produced woodvas done It
was takentwo different average DBH (30 and 50 cri@p0 m skidding distance arttie
averagdoad volumehatwasobtained in expement forgiven stand condition (TabkD).

Table52: Comparison of system costs

Al A2 B1 B2
Method Unit  Assortment  Half-tree length  Assortment  Half-tree length
" DBH cm 30 30 50 50
jfé Roundwood m® 72.6 96.6 68.5 80
% Stacked wood m® 27.4 3.4 315 20
g Total wood £ 100 100 100 100
§ Load volume 2 2.80 3.56 4.98 6.62
Residue at the landing site m® 2 2
= Felling costs a/3m 4.16 2.63 2.77 1.83
% g Processing at the landing site G /3m 0.80 0.63
6 Total costs a 416 264.6 277 184.26
Skidding costs a/3m 7.65 6.41 5.14 3.86
g Skidding costs (total) a 555.39 619.21 357.23 308.8
é Carrying out with horses a/3m 8.44 8.44 8.44 8.44
|‘_§ Carrying out with horses (total) G 231.26 27.7 265.86 168.8
Total costs 1] 786.65 646.91 623.09 477.6
Total cost system costs a 1202.65 911.51 900.09 661.86
Wood value a/°m  39.42 37.17 43.20 47.35
Total wood value a 3942 3717 4320 4735
Total profit a 2739.35 2805.49 3419.91 4073.14
Profit/m a/m  27.39 28.06 34.20 40.73

Profit per n? of wood was higher on sample plots whetke half-tree lengthmethodwas
performed.The dfferencewasmore emphasized on sample plots with higher DBH.

If discussng the competitiveness diuelwood chipping at the landing site, several important
facts must be taken into account.

Selling price of the fuelwood at the landing sites 3 0 . 2 6. Atithenmoment of
investigating(2013 yeartheaver age
establishedhat from 1m® of roundwoodit waspossible tayet 2.7 loose thof chips and that
chipping cost with chipper Jenz HEM 70@s2 . 6 22 ofiréundwoodfuelwood it was
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obvious thafrom 1 n? of roundwoodf uel wood wi t h,2V bdseundof chips 30. 2 6
with value of 48.681 can be produced’he valuevasi ncr eased for 1B. 42 0.
only theoretically.

First of all it wasvery hard to achieve full capacity of chipper when cimgpat the forest
landing site; speciallyduringchipping with large chipper3he easornwasthat chipper often
should change the place from one to another landing site, waiting for containers, étacks
This wasincreaing delaystime and cost consequentlyi-or calculating the utilization rate of
each chipper in given conditions, long observations are necessary.

With choosingthe chipper with optimal capacitywork could be more or less optimized.
Level of optimization, besides chipper characteristic, depends on availability of wood amount
at one pace and frequency and distance of chipper moviimg.this experimentthe
investigation was donen chipperswho only were availabletahe labor market in the area.

The chipper must be engag&dth enough number of specilicks with containers for chep
transport.Transport should bdone at the same time @sipping Transport costs of chips are
very uncetrain and depenaf many factors like transport distance, road condition, wood
chips price, etc.

Chipping and using chips is relatively nem the BIH market andthis investigation only
openshis problem for discussion and for further investigations.

6.2 HYPOTHESIS ANSWERS

1. Itis proven that halfree length harvesting method is more productive and cost effective
than assortment harvesting methodiudied conditions.

2. It is not proven that in halifee length method is bettguantitative wood biomass
utilization, moreover,assortment method gave better utilization over 50 cm DBH
Qualitative biomassitilization is better in haHree length method in compartment 65,
but in compartment 98 wasmilar.

3. ltis proven thaturingprocessing assortmerasthe forest road woodresidueremains
in amount 0f2% of total volume of processed woatiich can be used fahipping

4. Within the samestand conditions, in thistudyis shown thativeragedamagesurfaceis
larger on sample plots witthe half-tree length harvesting methoth order to keep
damages at same level as in assortment mettuaoth be recommendetkvoting more
attention aboutelling direction anddesignof skiddingtrails.

5. In the halftree length harvesting method there ggeater possibility for rational
utilization of wood residue than ithe assortment method, when processing logs in
assortment mthod residue left dispersed in the forest, in-traké length method residue
left at the forest landing site, where is more concentrate.
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6. Chipping of fuelwood and wood residue at the forest landing site give addedtwvalue
fuelwoodand with optimal chipimg and transport organization couldrbere profitable
for forestryorganizationghan selling of fuelwood

6.3 SYNTHESIS ANDRECOMMENDATIONS

This investigation showed, with no doubt, that there is a plenty of space for improvement of
harvesting methaohnd forestry practice in state forests in Republic of Srpska.

Although it is well known that cutter achieve bigger productivity wieemworking alone,
because of ergonomic reasons and rules, in local forestry such kind organization is not
suitable. Typial work organization in state forest is that cutters are working in group of two.
Two cutters + chainsaw, while one cutting, other assisting. In the assortment method where
significantly amount of stacked wood is produced there is justification for sgelnipation.

In the halftree length method where amount of stacked wood is fewer, assistant has no
enough job and major part of time is unemployed.

Perhaps forest practitioners should consider using of complex working brigades where cutting
and skidding wuld be done simultaneously, and cutter assistant at the same time could be
chokersetter also. Another possibility is that working group consists from 3 workers + 2
chainsaws. One worker should have enough time for assisting of two cutters. Standr=onditio
are very important when thinking about work organization. In this study is shown that in stand
with smaller DBH (30 cm) in the hatfee length method amount of stacked wood is very
small, but in stand with DBH about 50 cm is still significant. All thiganisational proposals
should be investigated.

I n Public Forest Company fAGume RSO which man
which is about 80% of total forest area in the entity, for skidding are used skidders of similar

size and capacityLKT 81T, mostly). These results showed that skidder works under its
capacity in the assortment meth&dom economical point this is unacceptable. They should

have skidders of variousizesand choose the optimal for stand conditions based on terrain

and sand conditions. Load size should be most considered.

Stateof-art intentions in using of wood as a green energy are coming with delays in Republic
of Srpska, but in recent years are coming however. There are several plants for pellets and
briquette produion. Pellet plants export their products, in Italy and other EU countries. As a
raw material they use sawmill residue mostly. As the sawmill residue has limiting potential
and pellet production has intention for expansion, it will be need for other raeriaha
sources. Some pellet plants managers are already buying the lower quality wood (fuelwood
and pulpwood).

So far, fuelwood is used mostly for household heating of local people and one amount of
fuelwood is exported also. Local people still use tradél furnaces where energy efficiency

is very low. They can allow to have such low efficiently because fuelwood is still relatively
cheaper that other energy sources.
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As demand for fuelwood form side of pellet plants would arise, competitiveness between
local people and pellet plants will arise also. This could influence on the price of fuelwood
and local people will have to transfiewardmore efficient technology of heating, like using

of district heating on wood chips, small pellet furnace, etc. Wabiols which is producing

now is used for industrial purpose and for heating of several munimpattich have small
experimental biomass heating system

Using of biomass of branches, twigs and other parts of tree which left in the forest after
felling is still not practiced. There is no adequate machinery and technical solutions for that.
This should be subject of further investigations also.

Forest managers must follow wood and wood energy market and adjusting harvesting
technology in order to be rmbeconomical viable and to meet market needs.

Purchase and including enobile chippers and container transportations trucks in production
chain is opportunity and investigations in this area should be encouraged.
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7 CONCLUSION

Many researchers showed in their studies thgting andskidding of long wood (haifree

and tree length methpis more productiveéhanshot wood (assortment method). There are
few reasons whthe assortment method is still dominant in forestryRefpublic of Srpska

One of the most important is that in local forestry regulations assortments are not allowed to
bemovel away from felling site unless they are marked (deboned).

This isa matter of regulatioandcouldbe changed. Also, stacked woodttihemaisin forest

in the assortment method igsually caried out with horseswhat is problem for fors
managers because there isemmughanimal labor marketit becomes increasinglgifficult
for forest managers to find animals ¢me labor market, so often stacked wood rersain
unused in the forest. This is unacceptable fittvapoint of tendency of increasing forest
biomass utilization.

Secondary forest road network still has no satisfactory density and often aptioially
projeced. This isalimiting possibility for manipulation of longer pieces of wood. Aldtere

is a presumptiorthat skiddingof long woodmakesmore damage in stand. This is partially
true butwe think thatthat proper work with well skilled workersould kegp damages under
acceptable levelhichis according to local regulatior@sor 5% (depending of stand typef
thenumber oftrees in the stand

Considering the constant need for increasing the wwdductivity andefficiency, it is
necessary to improve whole harvesting system tosv@rdcticing the half-tree length
harvesting methodr eventreelengthmethodand as a resultyood skiddingwith as much as
possibldengthof pieces

Thenvestigation of ehwpopdoegpermént didws that theredsa | u
presumption for expanding of this method in beech forest utilizdtinrit should be further
examined, especially itermsof optimization of chipper capacity, positiof landing sites,
wood chips transport andharvestingiming.
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8 SUMMARY

Aim of this research is to compare the productivitgsts biomass utilization and stand

damage®f two methods:

1. Felling the tree, processing at the stump, and extraction the assortmentk&ialithg
site.
2. Felling the tree, partially processing at the stump and skidding to the landing site

where processing is finishing and fuelwood is chipping.

First hanesting method wadefinedas the assortment methadd second as the hdatee
length method.ldea of the research was to identify advantages and disadvantages of

introducingthe halftreelength methodn beech forest utilizatian

Investigation was conducted in the northern part of the Republic of Srpska in the area of
municipality Ribnik. It was taken two compartments with beech forests. When choosing

compartments it was intent that stands conditions and forest infrastructure characteristics
would be averages that are prevalent in beech forests in Republic of Srpska. In each

compariment 2 sample plots i.e. work fields were chosen, (A1, A2, B1 and B2).

On sample plots Al and B1 tlassortment harvestingethod was performed, where cutters

cut trees with chainsaw and tree processing was done at the site. Working group consisted of
two cutters. Technical antuelwood roundwoodassortments were made and staked wood
(traditional 1m lengtHuelwood was produced and pileBuelwoodwas made from thinner

part of stem and branches. Assortments were skidded on the landstg site with the
skidder LKT 81T.

On the sample plots A2 and B2 the kadfelengthharvesting method was performed where
cutting trees, delimbing and partially bucking were done at the site. Stem stayed whole or cut
on the transport lengths to allow easier skidding. Stacked wood was made only from
branches. After that, a part of the stess skidded on the landing site where processing was
finished.Stacked wood wasacried out with animals

After harvesting and skidding, damages were evidenced on all sample plots on the standing
trees. Measuring was done on all damaged trees aboveDBEmTotal survey was done

and different parameters were measured.
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In the study 318 trees were felled of which 163 in the assortment method (sample plots Al
and B1) and 155 in the hdlfee length method (A2 and B2). Average diameter of felled trees
on sanple plot Al is 30.01 cm and varies from 9 to 54 cm, on sample plot B1 49.24 cm an
varies from 23 to 78 cm. On sample plots A2 and B2 average tree diameter is 27.22 cm and
50.67 cm respectively and varies from 10 to 49 cm on A2 and 18 to 69 cm on B2.

The dare of stacked wood was significantly lower at the-tralé length method than in the
assortment 1.95 % (A2 the half tree length method) contra 15.53% -(&fe assortment
method) and 8.12 % (BZhe half tree length method) contra 17.13 %-(Bfe asortment
method). These results were expected if considering the description of working methods. In
the assortment method, stacked wood was made from branches and from thinner parts of the
stem, while in the halfree length method it was made only fronafdwhes. The decisipn
whereon the stemproducing of roundwood stops and producing of stacked wood siasts

based on the recommendations from operation plan for specific compartment.

The difference in the amount of stacked wood within the same hargyeséthod was higher
on sample plots with smaller average tree diameter, within the same harvesting method. The
reason could be that thicker trees have relatively bigger amount of branches above 7 cm

diameter from which stacked wood was produced.

As a conequence of length and diameter, volume of assortments was bigger in ttrednalf
length method 19% (A2 contra Al) on sample plots with smaller DBH and 27% (B2 contra
B1) on plots with larger DBH.

Relative structure of productive work time showed that woperations Production of
fuelwood and Stacking of fuelwood consumed relatively less time in theréalfength
method than irthe assortment one, 9%2and 21.1% and in the hatee length and 17.75%

and 29.56% in the assortment meth@dpectively. Blimbing time takes relative larger share

in the halttree length method, 33.73% contrary to 20.86% in the assortment method. This
could be explained by the fact that in upper parts of stem in the assortment method Delimbing
can overlap with the Productiaf fuelwood and it is hard to define the border between those

two operations during the time study.

The structure of allowance times was similar in both methods; coefficient of allowance times
was 1.30 for the assortment and 1.31 for thethed lengtmethod.

137



Mar|l eta D. Comparison of technoltangs. es of wood bi omass

Doctoral dissertation. Ljubljana, University of Ljjdnha, Biotechnical faculty, 2015

Productivity was constantly increasing with increasing of DBH and it was higher in the half
tree length method than in the assortment one. Reason becauseeh&hgth was more
productive was in the fact that some working operations were ev@d minimized in haif

tree length method, like production and stacking of fuelw8atking was mostly transferred

to the landing site where coub@ done in more productive way.

Total number of studied skidding cycles was 113. From total number, &&soyere the
assortment method, 34 cycles on the sample plot A1 and 34 on the sample plot B1. On the
plots where the halfree length harvesting method was performed, A2 andiBgycles were
studied, 22 on A2 and 23 on B2 sample plot.

Number of piecesn load was similar in both methods, 9.94 (Al) and 9.00 (B1) in the
assortment method and 11.09 (A2) and 9.57 (B2) in thetteglflength method. The possible
conclusion would be that number of pieces was rather a result of skidder hooking capacity,
than the volume or length of pieces. So, the skidder always worked below its optimum
capacity. The average piece volume was notably bigger at th&dwmliength method, 0.28

m? (A1) contrary to 0.33 M(A2) and 0.57 m(B1) contrary to 0.75 t(B2). The diffeence

was more noticeable on sample plots with bigger average piece. As a consequence of the
previous, the average load volume in the assortment method was 2(8@)nand 4.98 m

(B1), and 3.56 r(A2) and 6.62 M(B2) in the halftree length method. Theverage load was

22% and 25% bigger at the half tree length method under the same conditions.

The average length of pieces in the assortment method was 5.38 m (A1) and 5.30 m (B1), and
8.97 m (A2) and 9.19 m (B2) in the hatée length method. The aveealgngth of pieces was
40% and 42% larger in the hdite length method.

Costs were lower in the hdifee length method when all other conditions were identical. The

difference in cost was higher when average piece volume was higher.

Processing at thahding site was investigated in the Hadfe length harvesting method. After
preliminary time study, it was decided not to go into detail of time study because the work
was very inconsistent with frequently interruptions and especially because, in p®duct
work, it was very hard to distinguish precise border between work operations. Cleaning,
bucking, removing of knots and other operations constantly overlapped and joined into work

on the landing.
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The result showed that the share of delays when working on landing site was 59% and
productive time 41%. The explanation for relative dominant share of delays was the fact that
workers who performed processing also were interrupted by trucks which westartbn
arriving for shipping. Residue which occurred at the landing site after processing was chipped
together with the fuelwood. The amountresidue was not significan, m® on 100 ni of
roundwood Those were parts of wood which remained after buclohgassortments

according to dimensions prescribed by JUS, removed knots and similar.

Chipping was done at the landing site. Subject of chippingfuel®oodand residue which

left after processing. Chipping was done with the mobile wood chippers JENZ7#98Mnd
Pezzolato PTH 1300/1500. Both chippers were fed with the crane Palfinger Epsilon 120 Z
plus mounted on the truck Mercedes Benz Actros 2654. Conversion coefficient from solid
wood volume into loose chips volume was calculated and it was 2.7. Wiigpingh of
stacked fuelwood was measured productivity was 29.5% lower. The reason was the fact that
crane could not achieve full efficiency when manipulating with the stacked wood, especially
when stacked wood was not piled. This was highly dependable= afpirator skills. Both
investigated chippers achieved less productivity than predicted by manufacturer. The main
reason was the fact that at the landing site manipulating with the chippers crane and feeding
did not go smoothly because of limited spacest@alculation of chippers showed that bigger
chippers had lower unit costs, but because of inability to achieve full capacity at forest
landing site and because of their dimensions which hinder the manipulation, it can be

recommended using of chipperssofaller capacity like Jenz HEM 561 DQ or even smaller.

Quantitative utilization was compared on the basis of total wood obtained from trees in each
harvesting method and it is showed that up to 50 cm DBH quantitatively utilization was
similar and above 56m difference occurs in favor of the assortment method. Main reason for
that was that trees above 50 cm DBH had a large amount of branches which were not in the
whole cut in the stacked wood. While performing the-br&ké length method, there was intent

that the amount of produced stacked wood would be as less as possible.

Relation between estimated wood biomass utilization and obtained after harvesting showed
that by the approximately 50 cm DBH utilization of wood in both harvesting methods was
equal to stimation for gross woodAfter 50 cm there was a difference in favor of both
harvesting methods related to gross wood estimation. These results showed that assortment
tables which were in use for beech did not give precise estimations or that forestrmsalichg
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not follow exact procedure for prediction. In both cases this was not acceptable in terms of

planning of business efficiency of forest companies.

Quality classes were compared by diameter classes which were used in local forestry
organizationsComparison of the assortment structure was done between harvesting methods
in the same compartment and in the whole. In both harvesting methods applied share of

sawlogs was larger than predicted, arelghare of fuelwood was fewer.

The halftree lengthharvesting method gave better structure in L, | and Il class than the
assortment method, except F logs where better results were obtained in the assortment

method.

Comparing of summary, the assortment structure obtained on the all sample plots in both
hawesting methods applied with the predicted structure, speaking in general, obtained share
of higher value logs was higher than predicted and the share of fuelwood was less. Looking at
the relation between harvesting methods showed that therdémlfiengthmethod gave

Abetter 0 as s ohighwakeldgs, sxceptFdogsur e i n

When comparing damages between the assortment and thieebdé#ngth harvesting method
it was $rown that damage width was 1%6darger on A2 (haltree length method) than on
A1l (assortment method) sample plot. On sample plots B1 (assortment method) and-B2 (half

tree length method) the average damage width was similar.

Theaverage damage height was 20.&rger on the sample plot A2 (hatee length method)
than on Al (assamient method) and 13.4% on B2 (hake length method), than on B1

(assortment method).

Within the same stand conditions, the average damage surface was larger on sample plots
with the halftree length harvesting method, 50% were larger damages on thk gdot A2
than Al and 21.7 % on B2 than B1.

Comparing of system costs it was shown that profit pepfiwood was higher on sample
plots where the halfree length method was performed. The difference is more emphasized on

sample plots with higher DBH.

Selling price of thefuelwood a t the landing > sAt the momensof 30. 26
investigating the average pr T kkwasdaefermwedthat c hi p

140



Mar|l eta D. Comparison of technoltangs. es of wood bi omass
Doctoral dissertation. Ljubljana, University of Ljjdnha, Biotechnical faculty, 2015

from 1nT of roundwood it is possible to get 2.7 loos&ahchips and that chifipg cost with
chipper Jenz HE M oftodirdiwondéusiwodd. Fozn 1 ih/ofmoundwood
fuelwoodwi t h val ue of 0. X6hilp,s Wit hl weaseuemof 48
The value was increased for 18.42 u.

It was very hard to achievelficapacity of chipper when chipping at the forest landing site;
especially when chipping with large chippers. The reason was that chipper often should
change the place from one to another landing site, waiting for containers, trucks and other.
This increaedallowancetime (delays) and costs consequently. For calculating the utilization

rate of each chipper in given conditions, long observations are necessary.

With choosing the chipper with optimal capacity, work could be more or less optimized. In
this experiment the investigation was done about chippers who only were available at the
labor market in the area.

The chipper must be engaged with enough number of special trucks with containers for chip
transport. Transport should be done at the same timeigsrgy. Transport costs of chips are

very uncertain and depend of many factors.

Chipping and using chips is relatively new on Bk market and this investigation only

opens this problem for discussion and for further investigations.

The investigatom f chi ppi ng of #fAl ower value woodo in
presumption for expanding of this method in beech forest utilization but it should be further
examined, especially in terms of optimization of chipper capacity, position of |lasitésg

chip transport and harvesting time.
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9 POVZETEK

Cilj disertacije je bil primerjava ulinkov i
1. Selnja in izdelava sortimentov pri panju
2. Podiranje dreves in delna izdelava sortimentovstgpr avi | o do skl adi

i zdel ava sortimentov dokon]| a.

Prva mognost je klasilna sortimentna metoda

sortimentov 0z. pogojno poldebelna metoda (dolg les) kot modifikacija debelne metode.

Raziskava je potekala s evernem del u Republi ke Srbske ne
razi skave sta bila dva oddel ka bukovi h gozd
sestojne razmere in gozdna infrastruktura v

Srbske. Wsakem oddelku sta bili izbrani po dve poskusni ploskvi (Al, A2nEa2).

Na poskusnih ploskvah A1 in B1 smo izvajal.i
gago in rolnim orodjem izdel al/ sortimente |
l zdel al i so okrogli tehnilni l es in izdel al/i
so izdelovali iz tanjgega |l esa debla in vej

zgibnikom LKT 81T.

Na poskusnih ploskvah A2 in B2 so uporaplo| debel no (novo) metodo.

podiranju in kleglenju drevesa izvedl:| del nc
pregagano na transportne dol gine zaradi | agj
vej. Delideblastoi | i spravl jeni do skl adigla, kjer | e

Prostorninski les je bil spravljen s konjiskim spravilom.

Po kon| anem spravilu S mo na vseh pl oskvah
Upogteval. S mo Vv s @a nddr 7ecmj levedip s pepoired prentedonia
ugotavljali vel znakov.

V raziskavi smo skupaj podrli 318 dreves, od tega je bilo 163 izdelanih s sortimentno metodo

(ploskvi A1 in B1l) in 155 s poldebelno metod
ploskvi Al je bil 30,01 cm (med 9 in 54 cm), na ploskvi B1 pa 49,24 cm (med 23 in 78 cm).
Na ploskvah A2 in B2 sta bila povprelna prsn

50,67 cm (med 18 in 69 cm).
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Del eg prostorninskegaetloedia Zralbtipliratmenting ali d ek
metodi: 1,986 (A2 7 poldebelna metoda) in 15%3(A1 i sortimentna metoda) ter 8%

(B27 poldebelna metoda) in 17%43(B171 sortimentna metoda). Ti rezultati so bili glede na

opis metod prilakovani. Pri sortimentni met o

delov debla, medtem ko so za prostorninski les pri poldebelni metodi uporabili samo veje.

Odl ol i tev, pri kat erem naj mangpgostomingkega lesmr u s €
je bila zapisanasyr pviilproegd idalhrtia =zm=a&| mpmoms ame
Razlika v delegih prostorninskega | esa pri

pl oskve manj gi povprelniemrsda poemmel aRdebe
vel vej nad 7 cm premera, iz katerih so izde
Zar adi razlilnih dolgin in premera sortimen
pol debel ni met odi I n s incppEeameom d9%pA2a Al ma% z ma
(B2 Bl1) na ploskvah z veljim prsnim premer
Rel ativna struktura produktivnega | asa je po
l esado in AZl aganje prostorninskega | esao tr

satimentni metodi. Na ploskvah polddben e met ode sta bi Poapridel e ge
sortimentni metodi pa 17,75% in 29%6 L as k| e g |jemijpaddebeld mdtodia j a l
(33,73%) kat pri sortimentni metodi (20,86) . To | ahko razl wmgkak mo s
kl eglenja in izdelave prostorninskega | esa

| asovnih gtudijah tegko opredelit:i

Struktura zastojev je bila podobna pri obeh

pri sortimentni in 1,31 pri dedni metodi.

Produkti vnost del apyenegaagltaemara wvel| ppj &ml

metodi . Razlog za to, da je bila produktivno
nekater. postopki i z p u@ih daganje ardstornirskegamegaj Beh i (n
krojenja in pregagovanja je bil prav tako pr
ulinkovito.

Skupaj smo posneli 113 ciklusov spravila s traktorjem. Od vseh posnetih ciklusov, je bilo 68
pri sortimenhi metodi (34 ciklusov na ploskvi Al in 34 na B1). Pri poldebelni metodi smo

izmerili 55 ciklusov (22 ciklusov na ploskvi A2 in 23 na B2).
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Povprelno gtevilo kosov v bremenu je bilo po
smo i mel i ghbreenenu pogloskvahs9®4 (Ad) in 9,00 (B1), pri poldebelni metodi

pa 11,09 (A2) in 9,57 (B2). Mogna razlaga | ¢
sposobnost.i privezovanja pri traktorju, kot
zgbni k vedno del al pod svojo optimalno kapa
bremenu je bil znatno veEALINOBINMADazlObemel ni r
(B1)in0,75mM( B2) . Razli ka je bila opaznmkogoml j a na
Posledilno je bilo povprel| ndAlbin&98el (Biyoz. sor t i
pri poldebelni metodi 3,56 T(A2) in 6,62 mM( B2) . Pri enakih pogojit
breme pri poldebelni metodi «meditheetaa 22 % o0z
Povprelna dol gina kosov pri sortimentni met
pol debel ni met odi 8,97 m (A2) in 9,19 m (B2)
met odi za 40% oz. 42% velja.

Strogki ppml doeibleil ngr imet odi za 17 % in 40 % n

strogkih je bila vigja pri veljem povprelnenmn
|l zdel avo sortimentov na mestu i ztovarjanj a
predhodni | asownil i gt dai jnie dmomoskll eé v podr ob

delo zelo nekonsistentno s pogostimi prekinitvami. Pomemben razlog je bil tudi, ker je bilo v

produktivnem delu zel o tegko razli kovat. n
Kleglenjéen brejgegpeanje, odgagovanje grl in
smo jih zdrugili v fADelo na skladigluo.

Rezultat je pokazal, da je bil del eg zastoje

| as a. Razl aga za r e ktaavievejstvo, garse delawaidkuso @vajalid e | e ¢
obdelavo tudi prekinjali prihodi in nakladanje kamionov. Ostanek lesa, ki je ostal na mestu
nakladanja po izdelavi okroglih sortimentov, je bil sesekan skupaj z lesom za kurjavo.

Kol i|lina os ika okgli nima 100ni okraglega éesa. To so bili deli lesa, ki so

ostaldi po krojenju po JUS standardu, odgagan

|l zdel ava sekancev je potekala na gozdnem skl
lesna surovina za energko rabo in lesni ostanki, ki so ostali v gozdu ob kamionski cesti po
kon|l anem krojenju. Sekal ni ka sta bila mobilr
1300/1500. Oba sekalnika je nakladal s surovino Palfinger Epsilon 120 Z Plus na kamionu
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Mercedes Ben Actros 2654. l zral unal i Ssmo razmer|j
sekanci i n pov fm.ePh $ekanjy peostdrriinskega sa Je bila produktivnost

za 29,5 % nigja. Razlog je bil v tégakmej gen
posebej, |l e prostorninski l es ni bil pri me.
odvisna od spretnosti nakl adal ca. Oba sekal
proizvajalcev. Med glavnimi razlogi je bilo pomanjkanje prostorssnal adi gl u. Kal k

strogkov sekalnikov je pokazala na manjge s
nezmognost. doseganja polnih ulinkov, K i j e
na skladiglu I n S t em p oivpeozraonl ea mma nui ppourl aabcoi
sekalni kov, kot je JENZ HEM 561 DQ in manjgi

Na osnovi vrste vsega posekanega lesa smo opravili kvantitativno primerjavo med obema
met odama. Pokazal o se |e, da j e bil kol il in

premeranad tem premerom, pa gre razlika v prid sortimentni metodi. Razlog vidimo v tem,

da imajo drevesa nad 50 cm prsnega premera Vv
k ot prostorninski |l es. Pri pol dedbell i ( anelt @Id
| i mman|j prostorninskega | esa.

Razmerje med ocenjeno mogno |l esno biomaso in
Ccm prsnega premera ni bilo razlik med metod.

prsnem premeru 50 cm je bilaradik gl ede na ocenjeno bruto k
spravilnih metod. Ti rezul tati kagej o, da o
dovoj zanesljivih podatkov ali pa gozdarji niso opravili ocene po pravilih. V obeh primerih to

nisprejemlivov. s mi sl u nalrtovanja poslovne uspegnos

Kakovostne razrede smo primerjali po debelinskih razredih, ki jih uporabljajo krajevne
gozdarske organizacije. Primerjavo strukture sortimentov smo naredili med metodama znotraj
istega oddelka (Ain A2 ter B1 in B2) in skupno (A B) . Pr i obeh metod
gagarske hlodovine vigij.i kot od napovedanega

Pol debelna metoda je dala boljgo strukturo
izjemo F hlod v , K i jih je bilo vel pri sortimentn
struktura na vseh poskusnih ploskvah boljga
prostorninskega | esa, kot je bilo namovedan

sortimentov kot sortimentna metoda z izjemo F hlodovine.
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Primerjava pogkodb stojelega drevja med meto
ploskvi A2 (poldebelna metoda) za 1%6 vel j a kot na pl oskvi Al (
ploskvi Bl (sortme nt na met oda) in B2 (poldebelna metc
Vigina pogkodWBbs jvel|l pal mazpl a8koi A2 (pol deb
(sortimentna metoda) inza 134 vel ja na B2 (pol debelna meto

metoda).

Pienaki h sestojnih razmerah je bila povpreln
poldebelno metodo: ugotovili smo % v el j e po gKotond Bkein 20& A2| | e
pogkodbe na B2 kot na B1l.

Pri merjava strogkov sistemami]vee]| pokarzaal ml, o sk

pol debel no metodo. Velja razlika je bila na

Prodajna cena prostorninskelyaVldasuna azkls&adi
povprelna cena | es riUgotodlieha daciz ¥ m dk@gleged lesal / n m
dobimo 2,70 Mnasuti h sekancev in da so bili® strog
okroglega lesa namenjenega za energetske namene. izmlroglega lesa za ogrevanje z
viednostjo 30,26 U()selkamkevi zdelrednoz tj® MM, ¢

naraste za 18, 42 4.

Zelo tegko je bilo dosel:i pol no zmogl jivost
posebej pri sekanju z veli ki mi sekal ni ki . R a
sklad g | i , |l akanje na zabojnike, kami one in p
(zastoje) i n posl edil no strogke. Za izralu

dol ol eni h pogojih, bi potrebovali dolgotrajn

Z izbiro sekalnika z optimao kapaciteto, bi delovni proces lahko bolj ali manj optimirali. V

tej raziskavi smo sekanje opravili s sekalni

Sekalnik mora imeti dovolj posebnih kamionov z zabojniki za transport sekancev. Transport
mora mtekati hkrati z izdelavo sekancev. Transport sekancev je tvegan in je odvisen od

gtevilnih dejavni kov.

Izdelava sekancev in njihova uporaba je razmeroma nova na trgu B&H, zato je ta raziskava le

opozorila na ta problem za razpravo in nadaljnje raziskave.
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Raziskava izdelave gozdnih | esnih sekancev i
uporabe te metode v bukovih gozdovih, wvendar
To ge posebej velja za opti mizaaijjao skd kaali nyi

transport sekancev in izdelavne | ase selnje
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