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Abstract — Nacrtak

Proper tending operations in young stands increase the quality of valuable roundwood and
reduce the risk of stand damages caused by wind and snow-breaks, and infestation of bark
beetles. When felling and extracting small diameter trees, costs often exceed the potential
revenues. Mechanized thinning performed by using a forwarder mounted feller-buncher
head could improve this cost-effectiveness.

A time study was carried out in a 35—40 year old Scots Pine—Oak dominated stand. Produc-
tivity and costs were investigated of a Timberjack 1110D forwarder equipped with the fell-
ing-bunching head Moipu 400E. Further objectives were to give practical recommendations
for the system in the field.

The harvesting productivity was 4.11 m3/PSH,) (effective working hour) or 3.16 m3/PSH 5
with an average tree volume of 0.057 m?, an average load volume of 3.71 m?, and the average
forwarding distance 89 m.

The supply costs from forest to plant (felling, forwarding, chipping, and transportation)
were 91.60 €/PSH 5 or 77.84 € per oven dry ton. In Austria it is possible to achieve revenues
of 78.00 € per oven dry ton. Therefore it is possible to gain profit.

The feller-buncher head Moipu 400E is best suited to cut Pine trees up to a maximum diam-
eter at the butt of about 30 cm, and Oak and Beech up to 25 cm. In order to keep the fell-
ing-bunching costs at a reasonable level, mechanized harvesting should be done at sites
where the average volume of removed trees is over 0.05 m3 per tree.
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1. Introduction — Uvod

Careful management and proper tending opera-
tions in young stands increase the quality of valu-
able roundwood and reduce the risk of stand dam-
ages caused by wind and snow-breaks, and infesta-
tion of bark beetles. According to the Austrian Forest
Inventory (Osterreichische Waldinventur 2004) there
was a decline in tending and thinning operations.
There is a potential amounting to 64 million m? over
bark available for thinning. Eberhardinger (2007)
also describes a decrease in thinning utilisation in
Germany.

During the 1990s harvesting in Central Europe
underwent considerable development by introduc-
ing the highly mechanized harvester technology. Par-

ticularly when harvesting small-sized trees, harvest-
ers have higher efficiencies than chainsaws used for
felling and processing. Nevertheless it is difficult to
achieve a positive contribution margin in first thin-
nings, because of higher harvesting costs and lower
price for small-diameter timber (Affenzeller and
Stampfer 2007).

Another option to make use of the biomass that
accrues in precommercial thinning is chipping to
biomass fuel for power plants. Delimbing and buck-
ing is not necessary to obtain energy wood, therefore
simple feller-buncher heads without feed rollers and
delimbing knives can be used instead of expensive
harvester heads. Several felling heads are available
for harvesting only energy wood. These heads can
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be mounted on forwarders or tractors. The head can
be constructed for single tree handling or felling and
accumulating trees. Thereby it is possible to handle
several trees during one crane cycle.

Anumber of studies have been carried out on the
new biomass harvesting technology. Spinelli et al.
(2006) and Eberhardinger (2007) analyzed feller-
bunchers for energy wood harvesting whereby fell-
ing was separated from extraction. Laitila and Asi-
kainen (2006) examined a conventional forwarder
equipped with the Moipu 400 E energy wood head
that performed felling and extracting continuously.
Kérha (2006) compared the two-machine (harvester
and forwarder) concept with the integrated system.
Affenzeller and Stampfer (2007) examined single-
tree felling, loading and extraction with tractor trailer
equipped with a crane, as a continuous process.

As mentioned above there already exists an eval-
uation of the energy wood head Moipu 400E which
was conducted in Finland (Laitlila and Asikainen
2006). This study was carried out on either birch or
pine dominated stands. When cutting trees of an
average of 0.045 m3, the productivity was about
3.5 m3/PSH,,. In the study by Affenzeller and Stampfer
(2007), a productivity of only 1.6 m3/PSH, was achi-
eved with a tractor-trailer combination in Pine stands
for trees of comparable size. This is less than half of
the productivity attained with the felling-bunching
head Moipu 400E. At present there are no studies
about Moipu 400E under Central European condi-
tions. The influence of different tree species on pro-
ductivity of the felling machine was never evalu-
ated. For the efficiency of a tending operation not
only the productivity level, but also the revenues
and costs are important. Forest enterprises are fo-
cused on cost covering tending operations, and with-
out that coverage necessary stand treatments are ne-
glected.

This investigation evaluates the influence of stand
and terrain parameters on productivity and costs of
a forwarder, equipped with the feller-buncher head
Moipu 400E. The experiment was carried out in a
Scots Pine and Oak dominated stand.

2. Methodology — Metodologija

2.1 Model hypothesis — Hipoteza

Affenzeller and Stampfer (2007) analyzed the pro-
ductivity of the felling head Naarva Grip 1500-25,
Eberhardinger (2007) of Naarva Grip 1500-25E. Lai-
tila and Asikainen studied the productivity of Moipu
400E combined with a forwarder in Finland in 2006.
On the basis of these experiments the model hypoth-
esis assumes that productivity is a function of tree
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volume, tree species, number of trees in a bunch, cut-
ting removal per hectare, forwarding distance, slope,
and average tree volume of a load.

The productivity model comprises 7 submodels
or terms, respectively:

1. Cutting time

2. Cutting & Loading time

3. Loading time

4. Moving time

5. Forwarding time

6. Unloading time

7. Operational delay time

2.2 Machine description and harvesting system —
Opis stroja i sustava pridobivanja drva

The base machine of the feller-buncher was the
8-wheeled Timberjack 1110D forwarder (Fig. 1) with
a weight of 14700 kg (load rating 12000 kg).

The Moipu 400E head was mounted on the for-
warders crane. It performs cutting, bunching, and

Fig. 1 Timberjack 1110D with Moipu 400E head
Slika 1. Timberjack 1110D sa sjecnom glavom Moipu 400F

118

Croat. j. for. eng. 29(2008)2



Evaluation of the Feller-Buncher Moipu 400E for Energy Wood Harvesting (117-128)

grappling so that one base machine performs the
whole process from felling to extraction. The Moipu
400E head uses a single-action shear for cutting. The
maximum cutting diameter for single trees is 30 cm
and 50 cm for bunches. The opening diameter of the
head is 120 cm and it weighs 540 kg (Moisio Forest
2008).

The machine combination uses the following
harvesting procedure: First the forwarder drives
backwards into the stand and opens a strip road.
Trees on the strip road are felled and piled alongside
the trail. On the way back out of the stand, the ma-
chine loads the processed trees into the load space.
The fully loaded forwarder drives to the landing and
starts unloading. After unloading, the forwarder
drives back to the stand and thins both sides of the
strip road beginning at the end of the strip road.
Whole-tree harvesting was carried out; trees were
extracted with tops and branches. The loaded
bunches of trees exceeded the forwarder’s load
space. Thus the fully loaded forwarder was not ca-
pable of driving backwards; therefore a two step
procedure was necessary.

2.3 Study site — Mjesto istraZivanja

Time studies were carried out in a stand close to
Lockenhaus — Austria. The extent of the area was
0.96 ha with an average 7% slope. The dominant
height of the 3540 year old stand was 18 m. The ma-
jor tree species is Scots Pine (Pinus sylvestris) with
50% of the stand’s volume; followed by Sessile Oak
(Quercus petraea) with 40% of the stand’s volume.
Beech (Fagus sylvatica) and Larch (Larix decidua) are
less numerous. Oak trees originate partly from
coppicing and to some extent from generative regen-
eration. Stand density was reduced from over 4700
stems per hectare to an average of 1800 stems per
hectare. The average tree volume of removed trees
was 0.057 m3. The harvested volume was 170 m3/ha.

2.4 Data collection — Prikupljanje podataka

The time study was carried out by means of the
continuous time method with the use of the field
computer Latschbacher EG 20. The work of the en-
ergy wood harvesting system was divided into ele-
ments with clearly recognizable starting and ending
points (Table 1).

The variables, covariates and the factor with two
levels are shown in Table 2.

A mixed stand was examined in order to figure
out the effect of the factor tree species. In the stand 5
skid roads with a corridor spacing of 16 m were
marked with paint. The skid roads were divided into
sections of 20 m in distance. Thus plots were estab-
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lished of 320 m? in size as reference unit for the ob-
servation of terrain and stand conditions (slope,
cutting removal per ha).

In the volume inventory the diameter at breast
height (DBH) of each tree was measured with a calli-
per in order to use these data for calculating dry
mass and volume, respectively. The diameters were
grouped in DBH-classes and marked with a col-
our-code according to Affenzeller and Stampfer
(2007). The tree volume was calculated using bio-
mass models of Zianis et al. (2005). To achieve the
volume in m?, the dry weight (kg) of the trees is di-
vided by the oven-dry density (kg/m3). The
oven-dry densities of different tree species are pub-
lished in ONORM B 3012 (2003).

2.5 Statistical analyses — Statisticka analiza

Variance analysis attempts to quantify the influ-
ence of nominal or ordinal-scaled variables. The sta-
tistical analysis was carried out with the computer
software SPSS 15.0 for Windows, the statistical fun-
damentals as described in Stampfer (2002). For each
part of the model, the following analysis strategy
was chosen:

= develop a linear model with all co-variables
and factors,

= evaluate non-linearity of co-variables,

= choose a number of sub-models through re-
moval of non-significant variables,

= choose two-ways interactions of sub-models.

Tree volume is a major part of all production
functions but the relationship between productivity
and tree volume is rarely linear. Therefore a power
factor is used on the co-variable tree volume. Ha-
berle (1984) recommends the estimation of this power
value with an iterative procedure aimed at optimiz-
ing the coefficient of determination and the distribu-
tion of residues.

2.6 Cost analyses — Analiza troska

The calculation of the machine rates was con-
ducted with a few modifications according to the
Scheme of Food and Agriculture Organization of the
United Nations (FAO 1992). The fixed costs comprise
costs for interest, depreciation, and storage and insur-
ance. The purchase price for the forwarder and the
crane mounted felling head was 260,750 €, and the
costs for storage and insurance were 475 € per year
(Renner 2008. The annual interest costs were calcu-
lated at an interest rate of 4.5%. The depreciation was
calculated assuming an economic life of 6 years. All
calculations were done underlying 1500 scheduled
system hours per year (PSH;5) and an expected useful
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Table 1 Time study elements
Tablica 1. Radne sastavnice

Evaluation of the Feller-Buncher Moipu 400E for Energy Wood Harvesting (117-128)

Element Description Unit
Radna sastavnica Opis Jedinica
Cutting Start: Head is in horizontal position for cutting - Pocetak: Sjecna je glava u vodoravnom poloZaju za sjecu )
min
Sjeca End: New cycle, or another element starts - Kraj: Novi ciklus ili pocetak druge radne sastavnice
Cutting & Loading Start: Head is in horizontal position for cutting - Pocetak: Sjecna je glava u vodoravnom poloZaju za sjecu )
min
Sjeca s utovarom End: New cycle, or another element starts - Kraj: Novi ciklus ili pocetak druge radne sastavnice
Loading Start: Head is in vertical position for loading - Pocefak: Sjecna je glava u uspravnom polozaju za utovar drva )
min
Utovar End: New cycle, or another element starts - Kraj: Novi ciklus ili pocetak druge radne sastavnice
Movi Start: Wheels are rotating after Cutting, Cutting & Loading, or Loading
ovin
) g ) Pocetak: Pokretanje kotaca nakon sjece, sjece s utovarom ili utovara min
Premjestanje o .
End: New element starts - Kraj: Pocetak druge radne sastavnice
. Start: Wheels are rofating and load space is completely loaded
Driving loaded 3 ) g - )
, . Pocetak: Pokretanje kotaca, a utovarni je prostor pofpuno natovaren min
Optereceno kretanje oo« .
End: New element starts - Kraj: Pocetak druge radne sasfavnice
Unloading Start: Crane starts unloading on landing - Pocetak: Dizalica pocinje istovar na stovaristu )
min
Istovar End: New element starts -Kraj: Pocetak druge radne sastavnice
Driving unloaded Start: Wheels are rofating after Unloading - Pocetak: Pokretanje kotaca nakon istovara )
min
Neoptereéeno kretanje  |End: New element starts - Kraj: Pocetak druge radne sastavnice
Down-time <15 Machine down-time shorter than 15 minutes )
min
Kvarovi i popravci <15 | Kvarovi i popravci kraci od 15 minuta
Down-time >15 Machine down-ime longer than 15 minutes )
min
Kvarovi i popravci >15 | Kvarovi i popravci dulji od 15 minuta
Operational delay time | Delays related to thinning (e.g. clearance of already cut trees) )
min
Povremeni radovi Prekidli povezani s proredom (npr. giscenje vec posjecenih stabala)
Miscellaneous Other delays .
min
Preostali prekidi rada | Ostali prekidi rada

life of 10,000 PSH;s. The operating costs comprise
maintenance and repair, fuel costs, and costs for lubri-
cants. The maintenance and repair rate was set at 0.8.
The fuel consumption rate was 10 liters /hour. The lu-
bricants costs are assumed to be 25% of the fuel costs,
underlying a fuel price of 1.17 €/litre. The labour
costs including wages account for 25 € /PSH;5. All cal-
culations are made without sales tax.

3. Results — Rezultati

3.1 Distribution of time consumption —
Raspodjela utroska vremena

Felling & loading and Loading (elements cutting,
cutting & loading, and loading) represented 50% of to-
tal time consumption (Fig. 2). Time consumption for
forwarding was 3% when loaded and 4% when empty.
This is the case because the distance between land-
ing and loading the first time was longer than the
distance between loading the last time and the land-

ing. Moving during cutting and loading and unload-
ing at the landing were both 6% of total time con-
sumption. 8% of the time was used for manipulation.
Down-time shorter than 15 minutes represented 12%,
and down-time longer than 15 minutes 11% of the re-
corded total time. Down-times were the result of
time for breaks and repairs.

1104 cycles (bunches) for cutting and cutting &
loading were recorded. The average number of trees
in a bunch was 2.6 trees. The average diameter at
breast height of removed trees was 9.23 cm. 44 loads
with a total volume of 163 m3 were recorded. Total
average forwarding distance was 89 m. The average
volume of a load was 3.7 solid m?.

3.2 Productivity functions — Funkcije
proizvodnosti

Equation 1 shows the productivity for the entire
harvesting system. Sub-models were used because
of the different number of cycles for sub-models ac-
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Table 2 Variables, Factor, and Covariates of the productivity model
Tablica 2. Nezavisne i zavisne varijable fe fakfor modela proizvodnosti
Type Name Description
Vrsta Ime Opis
Cutting fime - £, min/cycle Total time for cutting trees, Productive system hour
Sjeca - t,, min/tura Ukupno vrijeme sjece stabala, pogonski sat rada
Cutting & Loading fime - £,;5100¢, Min/cycle Total time for cutting and loading trees, Productive system hour
Sjeca s utovarom - 1004 Min/tura Ukupno vrijeme sjece i utovara stabala, pogonski sat rada
Forwarding time - t,,, min/cycle Total time for driving loaded and unloaded; Productive system hour
Dependent Variables | lzvozenje drva - ,, min/tura Ukupno vrijeme kretanja opteredenoga i neopterecenoga vozila, pogonski sat rada
Zavisna varijabla Moving time - £, min/cycle Total time for moving between cutting & loading, Productive system hour
Premjestanie - t,,,, min/tura Ukupno vrijeme premjestanja izmedu sjece i utovara, pogonski sat rada

Loading time - #,,.4, min/cycle
Utovar - 1,00 Min/tura

Total time for loading, Productive system hour
Ukupno vrijeme utovara, pogonski sat rada

Unloading time - f,.4, min/cycle

Total time for unloading of a load, Productive system hour

Nezavisna varijabla

Istovar - f,qq, min/tura Ukupno vrijeme istovara fereta, pogonski sat rada
Factor Tree Species, 2 Levels Scots Pine (0), Oak (1)
Faktor Vista drveca, 2 razreda Obicni bor (0), hrast (1)
Tree volume - V., m® over bark Average tree volume
Obujam stabla - V., m® s korom Prosjecni obujam stabla
No. of trees in a bunch, n Number of trees in a bunch
Broj stabala v sveznju, n Broj stabala v sveznju (zahvatu)
Cutting removal, m3 over bark/ha Timber removal quantity per ha
Sjecna gustoca, m* (s korom)/ha Kolicina posje¢enoga drva po ha
Covariates Forwarding distance - dist, m Forwarding distance of a load (average of driving loaded and unloaded)

Udaljenost izvozenja - dist, m

Prosjecna udaljenost kretanja neopterecenoga i opferecenoga vozila

Load volume - load, m® over bark
Obujam tovara - load, m* s korom

Volume of a load
Obvujam vtovarenoga fereta

Slope, %
Nagib terena, %

Gradient of slope
Kut nagiba terena

Average tree volume of load, m® over bark

Prosjecan obujam stabla u tovary, m® s korom

Average tree volume of a load

Prosjecan obujam stabla u tovaru vozila

where:
PROD

ke
t

tload

cut

tcut&load
tfor

PROD =

60

V.
kl : (tcut + tload)’vci
tot

Productivity of the forwarder
equipped with Moipu 400E head
m3/PSH;5

Conversion factor from PSH,, to PSH;5
Cutting time, min/m?

Loading time, min/m?

Cutting & loading time, min/m?
Forwarding time, min/m?3

ut
+teuté&load °

, M
cutéload *ttor T tmov + tunload T fod

tot

tmov Moving time, min/m?

funload  Unloading time, min/m?3

tod Operational delay time, min/m?

Ve Volume that was first cut and then
loaded, m3

Vutgdoad  Yolume that was cut and loaded
subsequently, m?

Vit Total harvested volume, m?

Croat. j. for. eng. 29(2008)2

121



C. ROTTENSTEINER et al.

Evaluation of the Feller-Buncher Moipu 400E for Energy Wood Harvesting (117-128)

Cutting

Sjeca

Cutting & Loading
Sjeca i utovar

Loading
Utovar

Moving
Premjestanje

Driving loaded
Opfere. kretanje

Driving unloaded
Neoptere. kretanje

Unloading
Istovar

Manipulating
Manipulacija

Time study elements — Radne sastavnice

Down time <15 min
Prekidi <15 min

Down time >15 min
Prekidi >15 min

Fig. 2 Structure of fime consumption
Slika 2. Strukiura utroska vremena

Table 3 Means, 5% and 95% Quantile of covariates
Tablica 3. Aritmeticke sredine te 5. i 95. percentili nezavisnih varijabli

Covariate 'Mea.nv Quantiles | Quantilegs
Nezavisne varijable Arn‘mef‘/c/(a 5. percentil | 95. percentil
sredina
Tree volume, m®
! 0.057 0.012 0.212
Obujam stabla, m®
3
Volume offoad, m 371 113 561
Obujam tovara, m®
F ing dist
orw?rdlng d|.s anvce,‘ m 88.8 290 1756
Udaljenost priviacenja, m
Slope, %
6.9 50 10.3
Nagib, %
Nurfvber of trees in a bunch, n 26 10 80
Broj stabala v zahvatu, n

cording to their reference unit (bunch of trees, or
load). Furthermore the detailed observation of indi-
vidual working phases increases the accuracy of pre-
dictions in the entire productivity model.

Table 3 shows the means, the 5! and 95" percen-
tile of the covariates. For the entire productivity mo-
del only the covariates average tree volume, for-
warding distance, and load volume were significant.

The assumption that the cutting time depends on
the factor tree species, as well as on the covariates
number of trees in a bunch, cutting removal/ha and

15 20 25 30
Share, % - Udjel, %

slope could not be verified. The cutting time only de-
pends on the tree volume (Equation 2). The number
of trees in a bunch and the tree species were inter-
correlated with the tree volume; therefore the num-
ber of trees in a bunch was not used in the covariance
analysis. The intercorrelation between tree species
and tree volume might be caused by biomass models
used for different species; therefore the factor tree
species was not used in the regression model. To
achieve linearity the exponent -0.9 was used in the
statistical model.

tout =2.249+0.362 -Vireo 0 R =0.556 )
where:
teut Cutting time, min/m?
Viree Average tree volume, m?

The cutting & loading time depends on the tree
volume (Equation 3). The other covariates and the
factor tree species had no significant influence on the
cutting & loading time per m®.

teutéeload = 6774 +0.267 .Vt_ree—Oﬁ) R*=0.275 3)

where:
teutsdoad  Cutting & loading time, min/m?
Viree Average tree volume, m?

The time consumption of forwarding (average of
driving loaded and unloaded) depends on the for-
warding distance (Equation 4). It accounts for 91% of
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Table 4 Means, 5% and 95% Quantile of dependent variables
Tablica 4. Aritmeticke sredine fe 5. i 95. percentili zavisnih varijabli

Dependent variable Meaik Quantiles | Quantilegs
Zavisne varijable Arn‘me'hc s, percentil| 95. percentil
sredina

g fime - i3
Cutfing time - £, min/m 1022 233 25,00

Sjeca - t, min/m?

Cutting & Loading time - £,,/54, min/m? 13.94 450 24,80

o i /m3
Sjeca s utovarom - tg1004, Min/m

F ing time - t,, min/m?
or\Nvard'lng ime - f, r?wm/n; 079 031 167
lzvozenie drva - f,, min/m

— L3
Mow'ngv hm'e boow m!n/m3 | 12* 039 1 80
Premjestanje - t,,,, min/m
Loading time - in/m®
oading time o r:ln/m 1 81* 100 260
Utovar = 1504 Min/m

loading time - f,4, min/m?
Unloading time o min/m 114 0.7 162
Istovar - g min/m®

} s
Operational delay time - t.4, min/m 1 50% 021 116

; ; in/m3
Povremeni radovi - t.4, min/m

* values used in the productivity model - vrijednosti koristene u modelu proizvodnosti

the variance of time consumption for forwarding. The
influence of load volume was not significant. The di-
vision by the load volume is necessary to achieve
min/mb3.

0,028 -dist

R?>=091
for load (4)

where:
tior Forwarding time, min/m?3
dist Average of driving loaded and
unloaded, m

load Volume of a load, m® (over bark)

The time consumption of moving, loading, un-
loading, and operational delays is very homogenous
in each cycle. There is a relatively low variation of
processes compared to the other 3 sub-models (Table
4). Therefore the means are used as constant terms.
These means are calculated by dividing the respec-
tive elemental times (total time for moving, unloading
and operational delays) by the total volume har-
vested. The time of loading was divided by the vol-
ume that was loaded. Operational delay time con-
siders time related to thinning (e.g. clearance of al-
ready cut trees) that could not be added to another
working element. For example after felling a couple
of trees, the forwarder had to clear the cut trees be-
fore moving. However the clearance of already cut
trees failed to appear in each cutting cycle. Thus op-
erational delay time was collected separately from
cutting. It was calculated by dividing the entire re-
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corded time for operational delays by the total vol-
ume harvested. The constant terms for moving time,
loading time, and unloading time, as well as for op-
erational delays are summed up in Table 4.

All sub-models are based upon productive sys-
tem hours without down-times (PSH,). In practice
down-times of up to 15 minutes are commonly in-
cluded in the productive machine hours (PSH;s)
(Stampfer 2002). The factor k; derived from the ele-
mental time study was 1.15. However during ele-
mental time collection there were almost no repairs,
and also time for maintenance was not recorded.
Thus for the forwarder equipped with the Moipu
400E head k; was set at 1.3. The average productivity
in this study was 4.11 m3/PSH,. Using the factor k,
the attained productivity was 3.16 m3/PSH;;. This is
equivalent to 8.85 cubic metre loose/PSH;5 using a
factor of 2.8 (ONORM M 7132 1998) to convert cubic
metre in cubic metre loose. Fig. 3 shows the produc-
tivity of the forwarder equipped with the Moipu
400E head dependent on the tree volume. The three
graphs show the range of the model’s validity in ac-
cordance with the forwarding distance (5% percen-
tile, average, 95t percentile). Fig. 4 also shows the
system productivity, but underlying the range of the
model’s validity using the 5" and 95% percentile, as
well as the average, of the forwarder’s load volume.

5.0 4
45 + I
" ——a
g 4.0 1
E
-g; 3.5 4
S
S 30 A = = - Forwarding distance = 22.0 m
g Udaljenost izvoZenja drva = 22,0 m
L'II. 25 = Forwarding distance = 88.8 m
« Udaljenost izvoZenja drva = 88,8 m
5 20 =— = — Forwarding distance = 175.6 m
% ' Udaljenost izvoZenja drva = 175,6 m
& 18] k-factor = 1.3
i Faktor dodatnoga vremena = 1,3
= 10 ' Average forwarding distance = 88.8 m
o Prosje¢na udaljenost izvoZenja drva = 88,8 m
0.5 1 Average volume of load = 3.71 m’
Prosje¢an obujam tovara = 3,71 m’
00 T T T T 1

0.00 0.05 0.10 0.15 0.20 0.25
Tree volume, m’ (over bark) — Obujam stabla, m’ (s korom)

* PSH,; - Productive System Hour, including breaks up to 15 minutes
- Proizvodni sat sustava, ukljucuje prekide rada trajanja do 15 minuta

Fig. 3 Productivity model for the machine system (validity of forwarding
distance)

Slika 3. Pouzdanost modela proizvodnosti istrazivanoga sustava (udalje-
nost izvoZenja drva)
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5.0 1
4.5
2 B
E_ 40
= 35
§ ;
E 30 — = — Load volume =113 m’
S Obujam tovara=1,13m’
T 55 —— Load volume =3.71m’
L Obujam tovara=3,71m’
B9 A = — - Load volume = 5.61 m’
o < : g
= Obujam tovara = 5,61 m
:’; 159 k-factor=1.3
g Faktor dodatnoga vremena = 1,3
= W | Average forwarding distance = 88.8 m
o Prosjecna udaljenost izvoZenja drva = 88,8 m
0.5 1 Average volume of load = 3.71 m’
Prosjecan obujam tovara = 3,71 m’
00 T T T T 1
0.00 0.05 0.10 0.15 0.20 0.25

Tree volume, m* (over bark) — Obujam stabla, m’ (s korom)

* PSH,, - Productive System Hour, including breaks up to 15 minutes
— Proizvodni sat sustava, ukljuéuje prekide rada trajanja do 15 minuta

Fig. 4 Productivity model for the machine system (validity of load volume)
Slika 4. Pouzdanost modela proizvodnosti istrazivanoga sustava (obujam
tovara)

3.3 Costs — Troskovi

The system costs (net value) of the harvesting
system are 91.60 €/PSH;5. The fixed costs account
for 33.20 €/PSH;5, and are at the same level as the
operating costs of 33.40 €/PSH;s. The labour costs
are 25.00 €/PSH;s. The average productivity is
3.16 m3/PSH;5, and therefore the total costs for fell-
ing and forwarding are 28.99 €/m3. The factor 2.8
was used to convert cubic metre in cubic metre loose
(ONORM M 7132, 1998).

The costs for chipping 3.1 €/cubic metre loose
found by Affenzeller and Stampfer (2007) in their
study results is 8.68 €/m3. According to Ganz et al.
(2005) the costs for transportation range between 2.3
and 3.3 €/cubic metre loose. In this study the costs
for transportation were calculated with 2.9 €/cubic
metre loose or 8.12 €/m?3. The total costs of felling
and forwarding, chipping, and transportation add
up to 45.79 €/m? (16.35 € per cubic metre loose).
Overhead expenses for bookkeeping and communi-
cations, as well as office expenses are not included in
the calculation. Entrepreneurial profit and moving
expenses are also excluded from this calculation.

The costs of 45.79 €/m3 are equivalent to 77.84 €
per oven dry ton. Using the oven dry densities for
Pine, Oak, Beech and Larch (ONORM B 3012, 2003)
weighted by their rate on the total volume, which re-
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sults in 587 kg/m?, the conversion factor was 1.70.
Assuming a price of 78.00 € per ton of oven dry chips
(Osterreichische Forstzeitung, 2008), results in a slight-
ly positive contribution margin.

4. Discussion — Rasprava

The variables tree volume and forwarding dis-
tance have the major influence on productivity of the
entire system. The factor tree species had no signifi-
cant impact. The productivity of the Moipu 400E
energy wood head mounted on a forwarder is
4.11 m3/PSH, or 3.16 m3/PSH;5. That is even higher
than the productivity for comparable tree volume
found by Laitila and Asikainen (2006) who obtained
3.75 m3/PSH,,.

In consideration of the costs of harvesting, chip-
ping, and transportation of energy wood, compared
with the prices achieved for energy wood, a positive
contribution margin is possible. The costs for felling,
forwarding, chipping, and transportation add up to
77.84 € per oven dry ton. Assuming a price of 78.00 €
per oven dry ton of chips, there was a slightly posi-
tive contribution margin. However this calculation
does not consider overhead expenses for bookkeep-
ing and communications, as well as office expenses
and entrepreneurial profit and moving expenses. To
gain profit the timber contractor will set the price for
his logging job at a higher level, which means higher
energy wood harvesting costs. This would resultin a
negative contribution margin for the forest owner. In
the economic sense of cost-accounting it must be cal-
culated as investment costs in silvicultural tending
activities with the objective of obtaining saw timber.

Nevertheless, compared to an earlier study ex-
amining a similar felling device, the Moipu 400E
proved to be efficient and competitive. Affenzeller
and Stampfer (2007) examined single-tree felling,
loading and extraction with tractor trailer equipped
with a crane, as a continuous process. The felling de-
vice mounted on the crane was the Naarva Grip
1500-25, a felling head that is not capable of bunch-
ing trees. Affenzeller and Stampfer achieved a pro-
ductivity of just 1.33 m3/PSH;5 (1.60 m3/PSH,). They
figured out that productivity of their fully mecha-
nized system failed to cover the rate of fixed costs
that arise in the mechanized system. The total costs
of harvesting, extraction, chipping, and transporta-
tion to the biomass power plant were 21.20 €/cubic
metre loose. In this study the total costs for the sup-
ply of chips are 16.35 € per cubic metre loose. When
harvesting an average tree volume of 0.045 m?, as in
the Naarva Grip 1500-25 study, the costs increase to
16.62 € per cubic metre loose. Nevertheless this leads
to a cost decrease of 4.58 € per cubic metre loose.
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Kérha (2006) compared the whole-tree harvest-
ing system carried out with 4 forwarders equipped
with felling heads and with 5 different harvesters
combined with forwarders. The productivity of
the forwarder equipped with a felling head was
4.6-5 m3/PSH, when harvesting trees with an aver-
age volume of 0.057 m? at a forwarding distance of
250 m. This is somewhat better than in this study
(4.11 m3/PSH,). The costs per productive system
hour for the two machine system were approxi-
mately 70% higher than the one machine system
costs. However, the difference in productivity of the
two systems does not result in dramatically different
harvesting costs per m3.

Laitila (2008) found that the two machine system
(harvester with an accumulating felling head, and
forwarder) was more cost competitive than the one
machine (forwarder and felling head) system. The
costs of the forwarder equipped with a felling head
were 3.9 €/m3 higher than the costs of the logging
system based on a harvester. The difference must be
caused by differences in forwarding time. (The head
mounted on the harvester and forwarder was the
same.) With the conventional forwarder the average
grapple load size in unloading was 0.6 m? whilst the
average grapple load size of the felling head used as
grapple was just 0.3 m3. Laitila assumes that the ex-
planation for this significant difference is the struc-
ture of the felling head grapple. It is designed not
just for loading but also for cutting. Thus the com-
promise grapple is not as efficient as the purpose-
built timber grapple.

A new attempt to gain profit in thinning opera-
tions when using feller-bunchers could be the inte-
grated harvesting of energy wood for chipping and
roundwood. Therefore the feller-buncher should be
capable of delimbing the trees. The prototype of a
modified Moipu head with delimbing capability is
already available on the market. Scandinavian ma-
chine manufactures developed in the past the so-
called multitree handling machine, which could pro-
cess and delimb 2 trees at the same time. The prob-
lem considering roundwood production was the
delimbing and bucking quality. However these re-
quirements are not important for energy wood pro-
duction. Thus this machine could get a revival.
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Ocjena visezahvatne sjecne glave Moipu 400E pri pridobivanju drva za energiju

Pravilna njega mladih sastojina povecava kakvocu vrijednoga drva i smanjuje opasnost od ostecivanja
sastojina vjetrolomima, snjegolomima te gradacijom potkornjaka. Pri pridobivanju drva iz pretkomercijalnih
proreda troskovi Cesto nadilaze moguéi prihod zbog niske vrijednosti drva malih dimenzija. Jedna je od mogucénosti
upotrebe sitnoga drva iz pretkomercijalnih proreda usitnjavanje stabala u iverje, koje se rabi kao gorivo u
bioenerganama. Kresanje grana i trupljenje debla nije nuzno pri pridobivanju Sumske biomase te se stoga umjesto
skupih harvesterskih glava mogu rabiti jednostavne visezahvatne sjecne glave bez posmicnih valjaka i noZeva za
kresanje grana. Strojno prorjedivanje uporabom forvardera s ugradenom viSezahvatnom sjecnom glavom moZe
poboljsati djelotvornost u pretkomercijalnim proredama zbog zahvatanja i sjece vise tanjih stabala u jednom
radnom hodu dizalice.

Cilj je ovoga istraZivanja vrednovanje utjecaja sastojinskih i terenskih cimbenika na proizvodnost i troskove
rada osmokotacnoga forvardera Timberjack 1110D (mase 14,7 t te dopustene nosivosti 12 t) na ¢iju je dizalicu
(umjesto hvatala) ugradena visezahvatna sjecna glava Moipu 400E pri pridobivanju energentskoga drva (slika 1).
Sjecna glava sijece, skuplja i zahvaca stabla te tako jedno vozilo sijece, ali i privlaci drvo. Sjecna glava Moipu 400E
teska je 540 kg, ima skare za sjecu, najveéi radni promjer pri sjeci pojedinacnih stabala je 30 cm, a 50 cm pri sjeci
sveznja stabala.

Priizracunu troskova strojnoga rada primijenjena je modificirana metodologija FAO-a (1992). Fiksni troskovi
obuhvaéaju amortizaciju stroja, kamate za investiciju te troskove osiguranja i garaZiranja. Nabavna cijena
forvardera s dizalicom te ugradenom sjecnom glavom iznosi 260 750 EUR, a godisnji trosak garaZiranja i
osiguranja 475 EUR. Godisnji trosak vezan uz nabavu stroja zasnovan je na kamati od 4,5 %. Amortizacija je
temeljena na vremenu zastarijevanja stroja od 6 godina. Svi su izracuni zasnovani na 1500 pogonskih sati rada
godisnje, odnosno 10 000 pogonskih sati rada u normalnom uporabnom razdoblju. Varijabilni troskovi obuhvacaju
odrZavanje i popravke stroja te troskove goriva i maziva. Trosak odrZavanija i popravaka iznosi 80 % amortizacije, a
potrosnja goriva 10 L po satu rada. TroSak maziva pretpostavlja 25 % troska goriva, Cija je jedinicna cijena
1,17 EUR/L. Trosak radnika obuhvaca njegovu placu u iznosu od 25 EUR po pogonskom satu rada stroja. Svi
izracuni su bez PDV-a. Na osnovi navedenih ulaznih podataka fiksni troskovi iznose 33,2 EUR, varijabilni
33,4 EUR, a trosak radnika 25 EUR, sto ukupno daje trosak sjece i izvoZenja drva u iznosu od 91,6 EUR po
pogonskom satu rada.

Za istraZivanje je odabrana mjesovita sastojina obicnoga bora i hrasta kitnjaka zbog utvrdivanja utjecaja vrste
drveca na razinu proizvodnosti opisanoga stroja. IstraZivanje je provedeno u odjelu povrsine 0,96 ha, prosjecna
nagiba terena od 7 %. Sastojina je u dobi izmedu 35 i 40 godina, s dominantnom visinom od 18 m. U drvnoj zalihi
bijeli bor sudjeluje s 50 %, hrast kitnjak s 40 %, a obicna bukva i europski ari$ pridolaze u primjesi. Kitnjakova
stabla djelomicno potjecu iz panja, odnosno iz sjemena. Proredom je gustoéa sastojine smanjena s 4700 stabala/ha
na 1800 stabala/ha. Sjecna je gustoca iznosila 170 m3/ha, a prosjecni obujam posjecenoga stabla 0,057 m3.

Tijekom rada istraZivani je stroj radio na sljede¢i nacin. Na pocetku, krecuéi se unazad, vozilo ulazi u sjecinu,
pri emu si otvara vlaku. Stabla na trasi vlake sijece i uhrpava uz njezin rub. Pri povratku iz sjecine vozilo tovari
posjecena i uhrpana stabla u svoj utovarni prostor, te zavrsetkom utovara nastavlja se kretati prema pomocnomu
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stovaristu, gdje zapocinje s istovarom. Pri ponovnom vraéanju u sjecinu pocinje prorjedivati sastojinu s obje
strane, i to s kraja prethodno prosjecene vlake. Pri radu se rabi stablovna metoda izradbe drva, tako da se posjecena
stabla privlace zajedno s ovrsSinama i granama. Utovareni sveZnjevi stabala, obujamno (ali ne maseno) nadilaze
mogucnosti utovarnoga prostora vozila. Tako natovareno vozilo nije se u mogucnosti kretati unazad prema
pomoénomu stovaristu, te je stoga prijeko potreban opisani nacin rada, tj. u dva koraka.

Za potrebe istraZivanja bojom je oznaceno 5 traktorskih vlaka medusobna razmaka 16 m. Traktorske su vlake
razdijeljene po duljini na segmente od 20 m te su tako oblikovane plohe povrsine 320 m?, na kojima su prikupljani
podaci o terenskim i sastojinskim cimbenicima (nagib terena, sjecna gustoéa i dr.). Prsni su promjeri stabala
mjereni s promjerkom, a za utvrdivanje biomase stabala koristen je model koji su dali Zianis i dr. (2005). Obujam i
masa suhe tvari utvrdeni su pomocu pretvorbenih koeficijenata za razlicite vrste drveca (ONORM B 3012, 2003).

Studij rada i vremena proveden je protocnom metodom kronometrije i primjenom terenskoga racunala
Latschbacher EG 20. Radni proces pridobivanja drva za energiju razdijeljen je u radne sastavnice s jasno
odredenim fiksaZnim tockama (tablica 1).

Hipoteza istraZivanja pretpostavlja da je proizvodnost opisanoga stroja funkcija obujma stabla, vrste drveca,
broja stabala u zahvatu sjecne glave, sjecne gustoce, udaljenosti privlacenja drva, nagiba terena i prosjecnoga
obujma stabla u tovaru vozila. Model se proizvodnosti sastoji od sedam podmodela utrosaka vremena, i to: 1) sjece,
2) sjece i utovara, 3) utovara, 4) premjestanja, 5) izvoZenja, 6) istovara, 7) povremenih radova. Nezavisne i zavisne
varijable te faktor u modelu proizvodnosti prikazani su u tablici 2.

Analizom varijance nastojao se kvantificirati utjecaj nominalnih i ordinalnih varijabli. Statisticka je analiza
provedena uz pomo¢ racunalnoga programa SPSS 15.0. Analiza svakoga pojedinoga podmodela provedena je po
sljedecoj strategiji:

= razvoj linearnoga modela sa svim nezavisnim varijablama i faktorima

= ocjena nelinearnosti nezavisnih varijabli

= izbor broja podmodela izbacivanjem statisticki neznacajnih varijabli

= izbor dvostruke interakcije podmodela.

Tijekom istraZivanja ostvarena su 1104 ciklusa zahvatanja sveZnja stabala pri sjeci, odnosno pri sjeci i utovaru.
Prosjecan broj stabala u sveZnju iznosio je 2,6, a prosjecan prsni promjer posjecenih stabala 9,2 cm. U 44
forvarderska turnusa ukupno je izvezeno 163 m3 energentskoga drva, s prosjecnim obujmom tovara od 3,7 m3/turi.
Prosjecna je udaljenost izvoZenja drva iznosila 89 m.

Radne sastavnice sjeca te sjeca i utovar zastupljene su s 50 % ukupnoga vremena rada (slika 2). Utrosci
vremena optereCenoga kretanja vozila zauzimaju 3 %, odnosno neopterecenoga kretanja 4 %, $to je posljedica vece
udaljenosti izmedu pomocnoga stovarista i mjesta prvoga utovara u odnosu na udaljenost izmedu mjesta zadnjega
utovara i pomocnoga stovarista. Na premjestanje vozila tijekom sjece i utovara te istovara drva na pomocnom
stovaristu otpada 6 %, a na manipulaciju 8 % ukupnoga vremena rada. Na kvarove i popravke krace od 15 minuta
otpada 12 %, a na dulje od 15 minuta 11 % ukupnoga vremena rada.

Izraz 1 predstavlja proizvodnost sustava koji obuhvaca sjecu i priviacenje drva za energiju. Razlog je koristenju
podmodela jedinicnih utrosaka vremena (min/m3) razlicit broj ciklusa s razlicitim jedinicama izrade (sveZanj
stabala, tovar forvardera) koji se javljaju u jednom proizvodnom ciklusu sjece i privlacenja drva opisanim vozilom.
Stovise, opsirnije opaZanje pojedinih sastavnica rada povecava tocnost predvidanja cijeloga modela proizvodnosti.

Tablica 3 prikazuje aritmeticke sredine te 5. i 95. percentile nezavisnih varijabli. Za cijeli model proizvodnosti
statisticki su znacajne samo ove nezavisne varijable: prosjecni obujam stabla, udaljenost priviacenja drva te
obujam tovara. Nije potvrdena pretpostavka da vrijeme sjece ovisi o faktoru vrste drveca, o nagibu terena, broju
stabala u sveZnju i sjecnoj gustoéi kao nezavisnim varijablama. Utrosak je vremena sjece ovisan samo o obujmu
stabla (izraz 2). Takoder samo o obujmu stabla ovisi i utroSak vremena sjece i utovara (izraz 3). Utrosak vremena
izvoZenja drva ovisi o udaljenosti privlacenja, koja objasnjava 91 % varijabilnosti podataka (izraz 4). Medutim,
iako statisticki neznacajan, u izraz 4 je uvrsten i obujam tovara koji je nuzan za izracunavanje jedinicnoga utroska
vremena (min/m>).

Utrosci vremena premjestanja, utovara, istovara te povremenih radova vrlo su homogeni za svaki pojedini
turnus te je utvrdena njihova mala varijabilnost (tablica 4) u odnosu na utroske vremena opisane podmodelima
izraz 2, 3 i 4. Stoga su njihovi prosjeci koristeni kao konstantne vrijednosti (tablica 4) u modelu proizvodnosti.

Svi podmodeli jedinicnih utrosaka vremena (min/m?®) ne obuhvacaju prekide rada te su zasnovani na
efektivnom satu rada (PSH,). Praksa je da su prekidi rada, kraci od 15 minuta, obicno ve¢ ukljuceni u pogonski sat
rada (PSH;;). Poveznicu izmedu proizvodnosti iskazanoj po efektivnom satu, odnosno pogonskom satu rada,
predstavlja faktor dodatnoga vremena (k;), koji je u ovom istraZivanju utvrden u iznosu od 1,15. Tijekom
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istrazivanja nije bilo kvarova niti se stroj morao odrZavati, te je u model proizvodnosti ukljucen faktor dodatnoga
vremena u iznosu od 1,3. Pouzdanost modela proizvodnosti istraZivanoga vozila za udaljenost izvoZenja drva
prikazuje slika 3, a za obujam tovara slika 4.

Prosjecna ostvarena proizvodnost sjece i privlacenja drva za bioenergane opisanim strojem iznosi 4,11 m3/PSH,,
odnosno 3,16 m3/PSHys, s jedinicnim troskom od 28,99 EUR/m?3.

IstraZivanjem je utvrdeno optimalno podrucje rada visezahvatne sjecne glave Moipu 400E koje iznosi do 30 cm
promjera w panju za bor, odnosno do 25 cm za hrast i bukvu. Za djelotvornu primjenu mehaniziranoga
pridobivanja drva istraZivanim strojem pogodne su sjecne jedinice u kojima obujam srednjega sjecnoga stabla
nadilazi 0,05 m3.

Osim navedenoga troska dobava drvnoga iverja opterecena je i troSkom iveranja te troskom njegova prijevoza.
Za pretvorbu kubnoga metra (m3) u nasipni kubni metar (m,?) koriSten je pretvorbeni faktor u iznosu od 2,8
(ONORM M 7132, 1998). Affenzeller i Stampfer (2007) utorduju trodak iveranja u iznosu 8,68 EUR/m’
(3,1 EUR/m,?), a Ganz i dr. (2005) troSak prijevoza iverja u rasponu od 2,3 do 3,3 EUR/m,3. Za potrebe ovoga
istrazivanja trosak prijevoza iverja zasnovan je na vrijednosti od 2,9 EUR/m,? ili 8,12 EUR/m? tako da uku-
pan troSak dobave drvnoga iverja (sjeca, privlacenje, iveranje, prijevoz) na energanu doseze 45,79 EUR/m3
(16,35 EUR/m,?). Op¢i troskovi knjigovodstva i komuniciranja, kao i uredski troskovi te troskovi premjestanja, ali
i poduzetnicka dobit nisu ukljuceni u kalkulaciju.

Trosak dobave iverja od 45,79 EUR/m3 odgovara trosku od 77,84 EUR/t (suhe tvari) koji je izracunat
koristenjem koeficijenata gustoée suhe tvari bora, hrasta, bukve i arisa (ONORM B 3012, 2003) koji su
ponderirani s udjelom pojedine vrste u posjecenom drvu. Prosjecna gustoéa suhe tvari iznosila je 587 kg/m?
(pretvorbeni faktor 1,7). Uz cijenu iverja od 78 EUR/t suhe tvari (Osterreichische Forstzeitung, 2008) ukupni se
troskovi priblizavaju granici isplativosti.

S obzirom na to da ukupni trosak dobave iverja ne obuhvaca opce troskove i dobit, Sumarski ¢e poduzetnik, da bi
ostvario dobit, povisiti cijenu sjece, sto povecava troskove pridobivanja drva za energiju te nepovoljno utjece na
Sumovlasnika. U ekonomskom smislu izracun troskova treba se promatrati kao ulaganje u njegu sastojina s
buduénosnim ciljem proizvodnje pilanske oblovine.

Kljuéne rijeci: pridobivanje drva za energiju, proreda, viSezahvatna sjecna glava Moipu 400E, proizvodnost,
troskovi
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