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operator/contractor, whereas an overestimate will make the
operator/contractor much less competitive. This is particu-
larly important for operations that are characterized by
borderline profitability, such as thinning operations [1] and
fuel reduction treatments [2], where correct estimates of
harvesting productivity and cost are necessary when deciding
whether to salvage some biomass products or treat to waste.
Similar problems are faced by prospective operators, who are
equipping to get into the chipping business and need as much
detail as possible on the performance of their equipment.

1. Introduction

Due to a booming bioenergy sector, chip demand has grown to
the benefit of logging companies that operate near the new
plants. Chips have to be delivered regularly and in large
amounts, which makes good planning a crucial issue. In turn,
planning requires a correct estimate of chipping productivity
and cost, otherwise shortfalls are experienced in both supply
chain management and price setting. Underestimating chip-
ping cost will eventually result in a financial loss for the
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The acquisition of an industrial chipper involves a signifi-
cant capital investment, much higher than required by
traditional small-scale equipment. That makes the formula-
tion of a correct machine rate even more dependent on a
reliable estimate of fuel use, material consumption, and
annual usage. Such figures play a crucial role in all costing
methods, from the basic system codified by Miyata for the
USDA Forest Service [3] and by Eliasson [4] for the European
Union, to the more sophisticated approaches offered by Bright
[5], Koger & Dubois [6] and Price [7]. Due to the large capital
investment, the assumptions taken for annual usage also
have a significant impact on the accounting of interest
charges [8]. In turn, productivity is the crucial element for
converting an hourly rate into a proper piece rate.

Chipper productivity has been explored with many studies,
documenting the performance of a wide range of wood chip-
ping equipment, under a variety of work conditions [9—12].
Available aids include dedicated spreadsheet calculators
capable of returning reliable estimates of chipping produc-
tivity and cost, based on user-defined input data [13]. How-
ever, our current knowledge of chipper performance is mostly
based on short-term trials (for the rare exception, see Ref.
[14]). Even when many trials are consolidated into the same
data pool and analyzed as a whole, the result still reflects the
short-term character of the individual studies and may not be
taken as the equivalent of a proper long-term follow-up study
[15].

Chippers incur high fuel and knife consumption, which
must be determined with some accuracy in order to minimize
costing errors. Several studies have gauged the fuel con-
sumption of wood chippers, but they offer instant estimates,
which are best suited to the comparative purpose of these
studies, but may not provide an accurate representation of
long-term fuel consumption under operational conditions
[16]. No scientific studies have yet explored knife replacement
frequency, and current estimates are based on anecdotal ev-
idence [17]. Finally, available literature offers no reference
figures for the annual usage of industrial chippers. Such in-
formation is crucial to estimating machine rate. In fact,
annual usage may experience wide variations, based on firm
type, market conditions and resource constraints. Therefore,
it is especially difficult to express an overall reference figure
for annual usage, capable of reflecting the whole range of
work conditions. Nevertheless, the total absence of solid ref-
erences increases the value of any experimental data, despite
their specific character.

The goal of this study was to produce reliable estimates for
the long-term productivity, fuel consumption and annual
usage of industrial chippers, under the typical conditions of
Northern and Central Italy. Furthermore, we endeavored to
determine long term knife wear, as well as job size, relocation
frequency and relocation distance.

The study was conducted in the Italian mountains, where
chipping emerged as an important business sector already in
the late 1990s. Italian chipper operators use a large variety of
chippers and chipping techniques, although industrial road-
side chipping is generally preferred to both terrain chipping
and chipping at a biomass terminal [17]. The growing demand
for energy biomass makes wood chipping a profitable activity,
still unharmed by the current economical downturn. Many

operators have gained significant experience and are now at
their second or third chipper. Despite its strong Italian bias,
this study may also represent other countries, since the Italian
chipper fleet is quite international and local business models
are similar to those found elsewhere in Europe, all based on
specialized contracting.

2. Materials and methods

Six industrial chippers were selected for the study, of which
three were equipped with their own independent engines
(Fig. 1) and three were powered by large farm tractors, through
their power take-offs (Fig. 2). Each machine was considered as
a study unit, and it belonged to a different contractor. All
machines operated in Northern and Central Italy, and one of
them traveled as far as Croatia to get additional contract work.
Overall, the study covered 8 of the 21 administrative regions of
Italy.

These two groups were meant to reflect the main technical
choices available to industrial chipping contractors. These
contractors may opt for a large chipper equipped with its own
independent engine if they want to maximize available power
and minimize any interface problems. Otherwise, they may
choose a smaller tractor-powered unit, which is cheaper to
acquire and easier to re-sell if the business does not grow as
expected. Furthermore, chippers with an independent engine
are often mounted on trucks, which makes them most suited
for quick relocation between distant work sites. In contrast,
tractor-powered chippers cannot move as fast as truck-
mounted units, but they are more agile when confronted
with low-standard roads. Therefore, truck-mounted chippers
may explore wider areas, whereas tractor-powered units are
most suited to contractors who work locally and need to ac-
cess remote work sites.

The six machines in the study were considered represen-
tative of the whole population of industrial chippers used in
Italy, and generally in Europe [17]. Their technical character-
istics are described in Table 1, while Fig. 3 shows their work
areas (e.g. home range).

All machines were road-legal and relocated independently.
Occasionally, tractor-powered chippers were relocated on

Fig. 1 — Truck-mounted independent-engine chipper (Unit1).
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