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Abstract

Industrial poplar plantations represent a strategic source of wood products for many countries. Harvested after 10
to 30 years, they yield about 200 t ha' of timber and 100 t ha' industrial wood. The latter is obtained from poplar tops,
which can be converted into chips, or a mix of pulpwood and chips. The study compared four options to process poplar
tops. Alternatives derived from the intersection of two product strategies (pulpwood and chips, or chips only) with two
pulpwood processing methods (manual or mechanized). Both mechanization and simplification (only one product)
succeeded in reducing production cost, but the former had a stronger effect. The tests demonstrated that all options were
cost-effective and could return some profits. However, the exclusive production of chips offered lower profits, compared
to an articulate product strategy aimed at maximising value recovery. In the case of Italian poplar plantations, the price
difference between pulp and chips is generally larger than the cost reduction obtained with integral chipping. Similar
conclusions were reached by other authors working with spruce and beech in Central Europe. Of course, this is only true
for the current price levels of pulpwood and chips: results may change, if this price balance will be altered by the growing

demand for biomass fuel.
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Introduction

With about four million hectares worldwide, pop-
lar plantations are still minor contributors to the glo-
bal wood market, but their importance in temperate
areas is rapidly increasing, and poplar may soon rep-
resent a strategic source of wood products for many
countries (Verani et al. 2008). In fact, poplar planta-
tions already play a key role in the industrial wood
supply of such countries as China, France, India, Ita-
ly and Turkey — each producing more than 1 million
m® of poplar wood from specialised plantations (IPC
2004). Poplar wood has many potential uses, and even
the longest rotations are short compared to those of
most other trees, which favours their integration with
agricultural systems (Britt 2000). Managed on 10 to 30
years rotations, selected poplar clones can produce
veneer-grade logs, which represent the main product
of the French (AFOCEL 2004), Italian (Hongyuan 1992)
and Chinese (Ye and Wang 2003) plantations. In fact,
the economic success of these plantations often de-
pends on obtaining the largest possible amount of top
grade veneer logs, whose value can compensate the
high establishment and management costs incurred by
the owners. Table 1 shows the product specifications

and the current delivered price for poplar assortments
in Italy.

Table 1. Assortment specifications and price of the product
delivered at the user plant

Diameter Price  Price
Assortment  Length min. Acceptable defects min max
Type, grade m cm £t' £t
Veneer 1% 1326 2522 None 125 185
Veneer 2™ 1326 22-20 exceptdry knots and cracks 95 122
Veneer 3" 1326 22-20 except cracks 75 100
Saw logs 2 1518 except cracks 60 80
Pulpwood 2 10 Al 50 58
Chip wood any any All 35 50

Notes: all weights are considered fresh, at a moisture content
commonly around 50%; Diameter is measured over bark. Chip-
wood = all timber processed to produce chips or chip products

Of course, no tree can be entirely processed into
high-value timber products, and a part of the harvest
will always consist of low-quality assortments and res-
idues, with a potential for conversion into chipped bi-
omass products. In fact, Italian companies have been
producing industrial chips from poplar harvesting res-
idues for at least 20 years (Spinelli and Hartsough 2001).
Chipping has been introduced to poplar plantations
earlier than to any other Italian forest stand, because
these plantations offer very favourable conditions to
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mechanization, and especially easy access and indus-
trial management (Spinelli et al. 2005). A similar proc-
ess is now developing in Spain, where industrial com-
panies are tapping poplar harvesting residues for the
expanding bioenergy market (Tolosana et al. 2010). At
the beginning, operators only chipped tree parts that
could not be converted into any other types of com-
mercial assortments, while trying to extract from their
trees the largest possible amount of conventional round
wood products. However, the steady increase of chip
prices is making them wonder whether it would be best
to sacrifice the lowest round wood grades to chip pro-
duction. That especially applies to pulpwood logs,
which take much effort to process while carrying a rel-
atively low price. Diverting this tree portion towards the
chip flow may result in a reduction of both revenue and
cost, which will accrue a profit if cost decreased more
than revenue. Hence the interest in determining with
some accuracy the costs associated with both options,
and the break-even price ratio between pulpwood and
chips, below and above which one option becomes more
interesting than the other. This is the goal of the study,
which aims at directing poplar harvesting companies
towards the most profitable product strategy under
given market price conditions.

Of course, alternative tree top processing proce-
dures must be integrated within the larger context of
poplar harvesting. Italian companies harvest poplar
according to the cut-to-length (CTL) system, where trees
are processed into commercial log assortments at the
stump site (Cielo and Zanuttini 2004). The main reason
for adopting this system is the desire to minimize the
value losses caused by whole-tree skidding, as a con-
sequence of the rougher handling (Favreau 1998). This
is especially harmful to those species with brittle wood
such as poplar (McNeel and Copithorne 1996). Further-
more, most forest owners require that veneer logs are
processed manually, under the direction of a grading
specialist, because they do not trust mechanical proc-
essors with extracting the maximum value from their
crops. In particular, they are afraid that mechanized
processing may not respect length tolerance, that it may
damage the wood surface, and that the operator on the
machine may prove unable to correctly assess stem
quality, thus performing sub-optimal grading (Spinelli
et al. 2010a). A recent survey indicated that only 20
harvesters and processors currently work in the Italian
plantations, harvesting approximately 150 000 m?3 of
poplar round wood per year, i.e. about 10 % of the annual
harvest (Spinelli et al 2010b). Hence, both manual and
mechanized harvesting should be considered when
comparing alternative product strategies. Direct obser-
vation of sample operations allowed describing the al-
ternative tree top processing procedures described

below. These include all work steps necessary for trans-
forming tree tops into pulpwood and/or chips, loaded
onto the extraction vehicles. The four treatments on
comparison derive from the intersection of two prod-
uct strategies (pulpwood and chips, or chips only) with
two pulpwood processing methods (manual or mecha-
nized). They all take place at the stump site, and are
described as follows:

Pulp and Chips, Manual. 1) after the forwarding
of veneer and sawmill logs, poplar tops are aligned
with a loader; 2) pulpwood logs are processed by two
operators with chainsaws; 3) pulpwood logs are load-
ed onto extraction vehicles with the same loader as
above; 4) residues are bunched with a bulldozer
equipped with front rake, which pushes them into large
piles; 5) residues are chipped, and chips are blown
directly onto the extraction vehicles.

Pulp and Chips, Mechanized. 1) after the forward-
ing of veneer and sawmill logs, poplar tops are grabbed
by a processor and manufactured into pulpwood logs.
The processor can easily reach tree tops as they are,
and handle them without any need for pre-bunching.
Similarly, the processor leaves the residue in bunch-
es, so that there is no need for piling them with a
bulldozer and rake; 2) pulpwood logs are loaded onto
extraction vehicles with a loader; 3) residues are
chipped, and chips are blown directly onto the extrac-
tion vehicles.

Chips only, Manual. 1) after the forwarding of ve-
neer and sawmill logs with manual methods, poplar tops
are bunched with a loader; 2) tops are chipped, and chips
are blown directly onto the extraction vehicles.

Chips only, Mechanized. 1) after the forwarding
of veneer and sawmill logs with mechanical methods
(which leave the tops bunched), poplar tops are
chipped and chips are blown directly onto the extrac-
tion vehicles.

Materials and methods

First of all, 18 commercial operations were ana-
lyzed in order to determine the pulpwood to chip ra-
tio deriving from the two alternative product strate-
gies. From each operation, 20 trees were scaled with
tape and calliper, and volumes allocated to different
products. Volume measurements were converted into
weight figures using an average density of 700 kg m™
(Giordano 1986). Due to the mono-clonal character of
study plantations, DBH, height and form variability
were very limited, which increased the accuracy of this
method.

Time-and-motion studies were conducted on sam-
ple operations in order to determine the productivity
of each work step. Each sample was extracted from
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operations considered representative for the specific
process step, based on observation of the 18 opera-
tions previously surveyed. In particular, a 13-ton ex-
cavator was chosen for the alignment of tops and the
loading of pulpwood logs; two chainsaw-equipped
operators for motor-manual pulpwood processing; a
20-ton excavator-base processor for mechanized pulp-
wood processing; a 7-ton bulldozer with front rake for
residue bunching. In all these cases, repetitions were
represented by individual work cycles, each corre-
sponding to one or more tops or logs being handled,
processed or loaded, depending on the specific type
of work being considered. Chipping productivity was
obtained from 18 commercial operations, each repre-
senting a repetition. Time consumption was recorded
separately for each step, using stopwatches or hand-
held field computers running dedicated time-study
software (Kofman 1995). Observations were associat-
ed to volume (m*® over bark) or weight (fresh tons)
output, obtained by applying an average piece volume
or weight to the respective piece counts. The average
piece volume or weight was estimated by scaling a
sample of tops, logs and chip loads, depending on the
specific operation considered. All figures were even-
tually transformed into fresh tonnes, using the 700 kg
m> average density, reported above.

The data base represented 20 different profession-
al operators, generally experienced and proficient. Each
operator, however, was a potential source of individu-
al variability, which must be taken into account when
evaluating the results of the study (Gellerstedt 2002).
No attempt was made to normalize individual perform-
ances by means of productivity ratings (Scott 1973),
recognizing that all kinds of corrections can introduce
new sources of error (Gullberg 1995), and that opera-
tor effect is indeed very difficult to control (Lindroos
2010). It order to contain operator effect, the same

sample was used to represent the same operation oc-
curring in different treatments, for instance: pulpwood
log loading in the motor-manual and mechanized pulp-
wood treatments; tree top alignment in the motor-man-
ual pulpwood and chip, and chip only treatments.

Hourly rates for the teams involved in the differ-
ent harvesting steps were calculated with the method
described by Miyata (1980), on an estimated annual
usage of 1200 scheduled machine hours (SMH). These
values were lower than those typically reported for
industrial operations (Brinker et al 2002), and they were
chosen to represent the reality of European plantation
forestry, where plantations are fragmented and inter-
spersed into the rural landscape. Ownership fragmen-
tation is known to reduce machine usage, and in gen-
eral the profitability of forest operations (Kittredge et
al. 1996). Labour cost was set to 15 Euro SMH™, in-
clusive of indirect salary costs. The costs of fuel, in-
surance repair and service were obtained directly from
the operators. The calculated operational cost was
increased by 20% in order to include relocation and
administration costs (Hartsough 2003), the former al-
ready capable of representing up to 10 % of the total
hourly cost (Vaitidinen et al. 2006). This is not a very
accurate way of representing relocation and adminis-
tration costs, but no data are yet available on their
exact amounts, especially for the conditions of Italian
poplar harvesting. Results are reported in Table 2.

Data were checked for normality and analyzed
with parametric and non-parametric techniques, de-
pending on the outcome (SAS 1999). Readers must
note that the study was based on sampling commer-
cial operations, and therefore lacked a strict study
design to balance operational, stand or operator fac-
tors: therefore, its results should be considered in-
dicative not definitive, and are analyzed for indica-
tions of trends.

. Chainsaw Excavator Bulldozer EXCavator-  Tractor- Self- Table. 2. Costing as-
Operation and rake base mounted propelled sumptions and machine
processor chipper chipper cost
Purchase price Euro 700 80000 50000 200000 250000 500000
Service life years 4 8 8 8 8 8
Salvage value % new 0 30 30 30 30 30
Interest rate % 8 8 8 8 8 8
Fuel consumption | SMH 0.4 8 6 15 25 35
Crew n 1 1 1 1 2 1
Depreciation Euro year'1 210 7000 4375 17500 21875 43750
Annual usage SMH 600 1200 1200 1200 1200 1200
Total fixed cost Euro SMH™' 0.5 128 8.0 31.9 39.9 79.8
Repair and maintenance Euro SMH™" 0.4 29 29 7.3 9.1 18.2
Personnel cost Euro SMH™' 15.0 15.0 15.0 15.0 30.0 15.0
Total variable cost Euro SMH™ 16.4 300 270 44.9 76.8 86.0
Overhead (20%) Euro SMH™' 34 85 7.0 15.4 23.3 33.2
Total Euro SMH™ 20.3 51.3 419 92.2 140.1 199.0

Notes: SMH = Scheduled Machine Hours

I 2011, Vol. 17, No. 1 (32) I,  (SSN 1392-1355 [

52



BALTIC FORESTRY

I STRATEGIES FOR THE PROCESSING OF TREE TOPS /.../ I R SPINELLI AND N. MAGAGNOTT! I

Results

All stands were traditional mono-clonal plantations,
established at a large spacing and harvested after 11
to 23 years. Test stands yielded up to three different
veneer log grades, two different saw log grades and one
grade of pulpwood logs or chips. Stands were very
productive, offering yields between 10 and 26 fresh
t ha'! year! (average 17.6 fresh t ha'! year™).

Table 3 shows that there were no significant dif-
ferences between treatments concerning average stand
age, yield, tree size, total stocking and proportion of
timber assortments. As an average, tree mass consisted
of timber assortments (veneer and saw logs) for about
60%. The remaining 40% could all be converted into
chips, or into a mix of pulpwood and chips. In the latter
case, the average pulp-to-chip ratio was 60:40, and this
value was taken as a reference when calculating the
effect of different price and cost levels on operation
profitability. The average amount of wood recovered
from tree tops varied between 85 and 95 fresh t ha™'.

Table 5 reports the average productivity and cost
figures obtained from the field studies. Simpler tasks
such as aligning, bunching and loading were more
productive and less expensive than other more com-
plex tasks.

The average values reported in Table 5 were used
for composing Table 6, which shows the unit cost
incurred by each of the four treatments on test, sep-
arated according to the different process stages. The
upper half of the table reports raw unit cost figures,
and allows quantifying the actual cost of the products
obtained from each specific operation. The chipping
of branches was more expensive than the chipping of
whole tops, because the smaller piece size and the less
efficient machinery determined a dramatic drop in chip-
ping productivity, which was not offset by the lower
hourly cost of the simpler tractor-mounted chippers.
The same table seems to indicate that mechanized
processing was more expensive than manual process-
ing. However, one must consider that the mechanical
processor avoided the cost of aligning the tops and

Table 3. Characteristics Test Clone Age  Spacing  DBH Tree mass  Harvest Timber Pulpwood Chips

of sampled Operations #  Name years m cm ttree! tha' tha' % tha' % tha' %

1 Neva 12 5x5 29 0.55 221 177 80 0 0 44 20

2 Canadian 1 6x6 30 0.63 175 17 67 0 0 58 33

3 1-214 11 4x5 25 0.27 137 76 55 0 0 61 45

4 Avanzo 12 6x5 32 0.74 245 176 72 0 0 69 28

5 Boccalari 12 6x6 33 0.58 162 80 50 0 0 81 50

6 Canadian 15 4 x4 23 0.34 212 116 55 0 0 96 45

7 Canadian 23 6x6 39 1.23 340 238 70 0 0 102 30

8 1214 1" 4x5 28 0.49 243 132 54 0 0 111 46

9  Avanzo 1 4 x5 32 0.64 322 176 55 0 0 146 45

10 Patrizia 1 6x6 29 0.49 136 91 67 26 19 18 13

1 -214 1 6x6 28 0.46 128 68 53 35 28 25 19

12 Canadian 12 6x7 29 0.52 125 75 60 37 30 12 10

13 I-214 12 8x5 32 0.62 154 95 62 39 25 20 13

14 Adige 1 6x5 29 0.55 184 120 65 40 22 24 13

15 -214 16 7x5 36 1.20 342 223 65 45 13 74 22

16 -214 14 5x5 36 0.91 364 240 66 55 15 69 19

17 1-214 15 8x5 41 1.48 369 225 61 77 21 67 18

18 1-214 19 8x5 43 1.54 385 199 52 120 31 66 17

Avg. Chips only 13.1 30.1 0.61 228 143 62 0 0 85 38

Avg. Pulp + Chips 13.4 33.7 0.86 243 149 61 53 23 42 16
Mann Whitney p = 0.56 0.20 0.35 0.96 0.96 0.82 <0.01 <0.01 0.02 <0.01

Notes: Clones "Adige" and "Boccalari" are also Canadian; all weights are considered fresh, at a moisture
content commonly around 50%; total tree mass includes tops and branches; obviously, tests 1 to 9
refer to the conversion of tree tops into chips only, whereas tests 10 to 18 refer to the processing
of tree tops into a mix of pulpwood and chips

Table 4 shows both the source data and the re-
sults obtained for chipping. All residue chipping op-
erations adopted tractor- or trailer-mounted chippers,
fed by a separate loader and manned by two opera-
tors. These machines were less powerful and produc-
tive than the industrial self-propelled chippers used
for dealing with whole tops. As expected, the average
piece size of residue material was much smaller
(4 times) than the average piece size for whole tops.
All these differences proved statistically significant.

of bunching the residue. Therefore, a fair comparison
should weigh the cost of mechanical processing
against the combined costs of aligning, manual
processing and residue bunching. In that case, me-
chanical processing was 30 % less expensive than
manual processing.

In the lower half of the same table, raw cost val-
ues have been pro-rated according to the respective
incidence of different final products. This allowed es-
timating a final processing cost per ton of wood prod-
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Table 4. Description and per-

oo Test Machine Power Loader Piece size  Productivity Cost  Treatment
formance of the chipping op- # Type KW type t tSMH" €t’ Type
erations 1 Self-propelled 383  built-in 0.167 14.2 14.1 Chips only

2 Self-propelled 383  built-in 0.231 20.0 9.9  Chips only

3 Self-propelled 383  built-in 0.171 13.7 14.5  Chips only

4 Self-propelled 380  built-in 0.180 27.0 7.4 Chips only

5 Self-propelled 346  built-in 0.167 19.2 10.3  Chips only

6 Self-propelled 440  built-in 0.164 19.5 10.2  Chips only

7 Self-propelled 380  built-in 0.140 24.4 8.2  Chips only

8 Self-propelled 346  built-in 0.130 14.5 13.7  Chips only

9 Self-propelled 346  built-in 0.129 19.1 10.4  Chips only
10 Tractor-powered 137 Tractor 0.064 9.1 15.4  Pulp + Chips
1 Tractor-powered 137 Tractor 0.056 8.1 17.3  Pulp + Chips
12 Towed 221 Excavator 0.053 8.8 15.9  Pulp + Chips
13 Tractor-powered 206  Tractor 0.052 8.9 15.8  Pulp + Chips
14 Tractor-powered 206 Tractor 0.040 8.1 17.3  Pulp + Chips
15 Tractor-powered 120 Tractor 0.036 8.7 16.1 Pulp + Chips
16 Tractor-powered 118 Tractor 0.029 6.8 20.5 Pulp + Chips
17 Tractor-powered 110 Excavator 0.029 71 19.7  Pulp + Chips
18 Tractor-powered 118 Tractor 0.025 9.1 15.4  Pulp + Chips
Mean Chips only 376 0.164 19.1 11.0

Mean Pulp + Chips 152 0.043 8.3 17.1

Mann Whitney p = <0.01 <0.01 <0.01 0.01

Notes: All weights are considered fresh, at a moisture content commonly around 50%;
piece size represents the weigh of individual pieces, not of the total top and branch part
of one individual tree, as this is often divided into two or more pieces; test identification
numbers are specific to the chipping study and do not necessarily match the test identi-
fication numbers for the mass breakdown study, reported in Table 3

Table 5. Productivity and Task Equipment Repetitions Productivity Production cost

cost of the different process- Type Type count tSMH™  Std. Dev. €t Std. Dev.

ing steps Aligning Tops Excavator 17 13.8 7.2 4.8 2.7
Processing Chainsaw 42 6.8 2.2 6.9 2.8
Processing Processor 62 114 4.3 9.3 3.3
Loading logs Excavator 64 20.7 0.6 25 0.1
Bunching residues  Bulldozer 8 28.1 6.7 1.6 0.4
Chipping residues  Tractor-mounted chipper 9 8.3 0.8 17.0 1.9
Chipping tops Self-propelled chipper 9 19.1 4.6 11.0 2.6

Notes: All weights are considered fresh, at moisture content commonly around 50%

uct, regardless of its destination — pulp or chip. Con-
version into pulpwood and chips incurred a cost of
18 and 13.9 Euro fresh t! for the manual and the mech-
anized option, respectively. The exclusive production
of chips incurred a cost of 15.8 and 11 Euro fresh t’!
for the manual and the mechanized option, respectively.
Hence, for the same product strategy, mechanization
allowed reducing tree top processing cost between 23
and 30%. In contrast, process simplification as ob-
tained by integral chipping only allowed a cost reduc-
tion between 12 and 20 %, for the same level of mech-
anization. Mechanizing and simplifying at the same
time allowed for the highest cost reduction, equal
to 38 %.

The last line in Table 6 shows the overall labour
intensity of the four treatments on test. For the same
product strategy, mechanization allowed reducing the

labour intensity of tree top processing from 50 to 60%.
Process simplification allowed an even more dramatic
reduction, between 60 and 70 %, for the same level of
mechanization. Mechanizing and simplifying at the
same time reduced labour needs by factor 7.4.

Of course, potential cost reductions must be
weighed against value recovery, which depends on the
price of both pulpwood and chips — both highly var-
iable. Table 7 shows the revenues obtained for differ-
ent price level combinations. Adopting the more ar-
ticulate pulp and chip strategy generally allows high-
er revenues than the exclusive production of chips.
The gain ranges from 0 to 13.8 € fresh t'. Conversely,
the data shown in Table 6 indicate that process sim-
plification as obtained by integral chipping only al-
lows a cost reduction between 2.2 and 2.9 € fresh t!,
for the same level of mechanization. Hence, integral
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Table 6. Unit production cost in € t-1, separated by proc-
ess stage

Pulp + Chips Chips only
Manual Mechanized Manual  Mechanized
Raw cost
Aligning Tops 4.8 0.0 4.8 0.0
Processing 6.9 9.3 0.0 0.0
Loading logs 25 25 0.0 0.0
Bunching residues 1.9 0.0 0.0 0.0
Chipping residues 17.0 17.0 0.0 0.0
Chipping tops 0.0 0.0 11.0 11.0
Pro-rated cost (60% pulp: 40% residue; or 100% chips)
Aligning Tops 4.8 0.0 4.8 0.0
Processing 41 5.6 0.0 0.0
Loading logs 1.5 15 0.0 0.0
Bunching residues 0.8 0.0 0.0 0.0
Chipping residues 6.8 6.8 0.0 0.0
Chipping tops 0.0 0.0 11.0 11.0
Total 18.0 13.9 15.8 11.0

Labour (h worker t)  0.389 0.178 0.125 0.052

Notes: costs refer to fresh tons, at a moisture content common-
ly around 50%; the total cost has only been calculated after pro-
rating, as a sum of raw costs would make little economic sense

Table 7. Revenues obtained with different product strate-
gies as a function of price levels

Price conditions Pulp gnd Chip Difference
Chip only
Lowest pulp + lowest chip 44 35 9.0
Lowest pulp + highest chip 50 50 0.0
Highest pulp + lowest chip 49 35 13.8
Highest pulp + highest chip 55 50 4.8

Notes: all figures are in € t' and refer to fresh tons, at a
moisture content commonly around 50%; price levels obtained
from Table 1; Difference = Pulp and chips - Chip only

chipping is profitable only if pulpwood prices drop to
minimum levels.

Discussion and conclusions

The study was conducted on commercial opera-
tions, hence its relatively low resolution and the ca-
pacity to highlight macroscopic differences only. Vary-
ing site conditions may explain the absence of any
significant differences in yields and timber recovery
rates between clones (Pinno et al. 2010): it is very likely
that growers used the most suitable clone for each
different site, which may have obscured differences
in yield potential between clones.

In all cases, poplar tops represent a substantial
source of wood biomass. If one excludes the portion
eventually converted into pulpwood, the residue
amounts to over 40 fresh t ha!, not much less than

normally obtained from softwood thinnings (Kojola et
al. 2005) or from softwood slash after a final cut (Nur-
mi 2007). What is more, poplar residue must be dis-
posed of, because the fields are being recultivated.
Hence, leaving the residue on the ground is not a vi-
able option. Under these circumstances, chipping
proves a cost-effective alternative to mulching or
burning — the latter generally forbidden. In fact, this
study demonstrates that chipping poplar residue al-
ways returns some profit, even with chip price at its
lowest. It also confirms that productivity is higher and
cost lower when chipping larger pieces with powerful
machines, compared to chipping small-size wood with
smaller machines (Spinelli and Magagnotti 2010). In
this respect, one must notice that whole tops and res-
idues were chipped with different machine types: more
powerful for whole tops, less powerful for residues.
In fact, the smaller chippers used for the residues were
capable of handling whole tops, and the larger chip-
pers used for whole tops could certainly handle the
residues. If the same machines had been used to chip
both material types, the comparison between alterna-
tives may have produced different results. However,
a comparison of systems based on the same chipper
type might prove unrealistic, because commercial op-
erations have already differentiated as described in this
study: those who bought the large chippers generally
chip whole tops, in order to maximize the potential of
their newer and expensive machines. On the other
hand, operators who chip residues prefer to stick with
smaller chipping units, because the small size of the
feedstock would prevent a larger chipper from express-
ing its full productive potential.

The study also shows the obvious benefits of
simplification. It is well known that the cost of a giv-
en process grows with the number of steps involved,
and Table 6 demonstrates that quite clearly. Fortunate-
ly, this study does something more than just demon-
strating the obvious: it tries to draw a balance between
the benefits of simplification and those of mechaniza-
tion. Its data indicate that mechanization has a stronger
effect than simplification, and entails a sharper cost
reduction.

Mechanization also allows a dramatic reduction of
labour needs, and its application can be interpreted
as a response to the severe labour shortage experi-
enced in Italian forestry. Mechanization can keep the
companies running even if they cannot find new re-
cruits, and it is also likely to increase work safety, by
removing manual labour from potentially dangerous
occupations (Bell 2002). Together with a strategic
concern for cost reduction, these factors can explain
the widespread interest in mechanizing hardwood op-
erations (Salila and Kérki 2006, Spinelli et al. 2009).
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The choice between alternative product strategies
must weigh cost reduction against value recovery
(Sadauskiené 2006). That is made especially difficult by
fluctuating product prices (Spinelli and Magagnotti
2010). In the case of Italian poplar plantations, the price
difference between pulp and chips is generally larger
than the cost reduction obtained with integral chipping.
The same conclusion was reached for adult spruce
stands in Germany (Cremer and Velazquez-Marti 2007)
and Denmark (Suadicani 2004). In contrast, Suadicani
and Talbot (2010) found that neither option was clearly
superior to the others, when thinning Danish beech. As
a common denominator, all these studies indicate that
the exclusive production of chips offers lower profits,
compared to an articulate product strategy aimed at
maximising value recovery. That does not rule out the
exclusive production of chips, which can be justified
by a number of reasons other than pure profit — for
instance, the shortage of labour associated with the lack
of capital for acquiring mechanical equipment, or the
need to complete the job as quickly as possible. Of
course, this is only true for the current price levels of
pulpwood and chips. The growing demand for renewa-
ble fuel may determine a significant increase of chip
prices, potentially reducing the profit margin of inte-
grated pulp and chip harvesting, and opening new per-
spectives to integral chipping.
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CTPATETUM JJIS1 OBPABOTKH JIEPEBA BEPIIMHBI U3 T'MBPUHBIX TOMOJIENA
IVTIAHTAIIMA

R. Spinelli u N. Magagnotti

Pestome

ITpOoMBILIJICHHBIE TUIAHTALMK TOMOJS MPEICTABISAIOT CTPATETHUYECKHH MCTOYHUK APEBECHUHBI Ul MHOTHX CTPaH.
3aroroinennsie nocie 10 o 30 net, onu garot okomno 200 T / ra-1 apesecunsl 1 100 T / ra-1 npOMBIIUICHHON IPEBECHHBI.
Tlocnennee nomy4aercsi, BEPIIMHBI TONOJS KOHBEPTHPYS B IIENy HMJIHM COYeTas APEBECHYIO Maccy M Iiemy. [IpoBeneHsl
HCCIEeOBAaHNUs 110 CPAaBHEHHUIO YETHIPEX BapHAHTOB NEepepadOTKH BEPIIHUH TOMOJEH. ANbTepHATHBH IOJXYYCHBI NMPHU
NepecedeHNH JBYX CTPATETHil MPOIYKIMH (IPEeBECHOI MacChl M YUIICOB, WM TOJIBKO YHIICOB) C IBYMsI METOJaMH 00pabOTKU
IPeBECHOI Macchl (PyYHOH MM MEXaHH3HPOBaHHOH). B 000mX cilyyasx MeXaHW3aIlM{ W YIPOIIEHHs (IIPU TOJBKO OJHOM
HIPOAYKTE) YAaJoCh CHHU3UTh ce0eCTOMMOCTh MPONYKIHMH, HO Hpeablayliee uMeno Oosee cuiabHbIN 3¢ dext. McnbiTanus
[IOKa3ajH, YTO BCE MapaMeTPhl ObIIM YKOHOMHYECKH d((QEKTHBHBIMH U MOTYT BEPHYTh HEKOTOpYIO MpUObLIL. OIHAKO
9KCKJIIO3UBHOE NTPOM3BOJCTBO HIETHI AaeT Oojiee HU3KYIO NMPHUOBLUIb IO CPAaBHEHHUIO C SBHO BEIPAXKEHHOH cTpaTerneit
MIPOJYKTOB, HAIIPaBJICHHOH Ha MaKCUMH3MPOBAaHHE BO3BPAILCHHUsS MPUOBUIM. B cilydae MTaibsHCKUX IUIAHTALMI TOMOI,
pasHHLa B LEHE APEBECHOM MAacChl U IIEMNbl, KaK MPaBHIO, 0OJbIIE, YeM COKpAIeHHE PacXoJ0B, MOJYYSHHBIX MPHU
UHTETpajbHON 00paboTke. AHAIOTMYHbIE BBIBOBI OBIIM CIEJIAHBI U IPYTUMH aBTOpaMH padoT no enu u Oyky B LlenTpanbHoi
EBporne. KoHedHO, 3TO BEpHO TOJIBKO JUIsl TEKYLIEro yPOBHS 1IEH JPEBECHOM MAcChI ¥ IEIbl: Pe3yJIBTaThl H3MEHSTCSI, €CIIN Ta
neHa OyzieT M3MeHeHa B COOTBETCTBUY € PACTYIIMM CIIPOCOM Ha OHOTOILIHBO.

KioueBble ci10Ba: 6roMacca, TOOJb, ITAHTAIHS, MEXaHH3aIlis
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