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Abstract

The analysis of factors influencing the cost of logging is carried out. The modelling of the costs for the
maintenance and operation of equipment in the context of three systems of machines: when using chainsaws
on felling, delimbing and crosscutting; with the use of machine felling and delimbing with a chainsaw, as
well as with the use of multi-operational complexes - harvesters and forwarders. An economic and
mathematical model of the formation of costs for the maintenance and operation of equipment is presented,
the total costs for timber harvesting are calculated. The dependence of the level of costs for timber
harvesting on the average volume of the log and the distance of skidding was revealed, the construction of
an economic and mathematical model was carried out using various harvesting technologies. The necessity
of economic assessment and economic modelling of costs is substantiated, factors influencing the cost of
production are established, which is important in the subsequent economic assessment of effective
conditions for logging. The optimal technology of timber harvesting with a combination of factors

influencing the efficiency of timber harvesting has been revealed.
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1. Introduction

The profit of an enterprise shows its success in the market. However, this indicator does not give an
unambiguous assessment, since with a decrease in sales volume, it is necessary to find out the reason. To
do this, an assessment of efficiency is carried out, this allows you to determine ways to improve
performance and identify which processes can slow down the development of the enterprise.

In the context of the global economic crisis caused by the pandemic, the problem of minimizing
costs and increasing the efficiency of using fixed assets is becoming one of the main issues for enterprises
in all industries. This problem is especially acute for logging enterprises, the profitability of production of
which, even in a stable economy, is low.

To date, the global demand for roundwood and sawn timber has fallen sharply, which has led to a
decrease in the price of logging products. This presented the logging enterprises with a choice: either to
stop their activities, or to look for reserves to reduce costs and increase the economic efficiency of the
enterprise. One of the main such reserves is the optimization of the use of fixed assets of the enterprise,
which include machinery and equipment for logging (Bespalova et al., 2018).

Thus, loggers face the problem of choosing between three harvesting technologies (whip, assortment
and mixed), as well as numerous brands and models of equipment. Which equipment to choose for a
particular harvesting technology, different natural and climatic conditions, in order to avoid downtime?

The answer to this question will solve the problem of assessing the economic feasibility of acquiring
one or another equipment, will allow timber industry to avoid mistakes in the choice of equipment, and,
therefore, minimize or eliminate the risk of losses due to its underutilization or breakdowns.

The choice of the harvesting method and the corresponding system of machines depends on various
factors, including the natural production conditions, the qualifications of the personnel, the level of labor
organization, environmental protection requirements, but to a decisive extent - on the productivity of the
machine systems and the level of production costs. As a rule, the use of mechanized harvesting technology
gives high output, but requires large capital costs (Posmetev & Nikonov, 2020; Tikhomirov & Bykovskiy,
2019).

Among the natural production factors influencing the choice of the logging method and the system
of logging machines, it should be noted the seasonality of logging operations, the distance of skidding, the
operational characteristics of the logging areas and soil and soil conditions. In particular, the operational
characteristics of felling areas include the species and age composition of cut plantations, commercial
timber yield, timber stock per hectare, average log volume and average cutting area (Bezpalko, 2018;
Tikhomirov & Bykovskiy, 2019).

Therefore, the calculation of the costs of operating forestry equipment, taking into account the
influence of various factors, is one of the key elements of the methods for comparing the efficiency of use,
different harvesting technologies and machine systems.

The development of a simple and understandable, covering all technical, economic and natural and
climatic factors, methods for assessing the costs of operating machines and determining economic

efficiency, will allow forest users to determine the choice of exactly the set of equipment that will most
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fully satisfy their needs and requirements. This, in turn, will allow to reduce costs and achieve a higher

level of profitability of logging activities, which is currently a priority for the forest industry.
2. Problem Statement

Russia contains over a quarter of the world's timber resources. The total timber stock in Russia is 82
billion m?. In addition to the fact that the forest performs important environmental functions, it is also a
source of raw materials. This explains the significant role of the timber industry in the country's economy
(Maslodudov, 2018).

The volume of harvested wood in Russia in 2019 amounted to 218.5 million m?, which is less than
in 2018 by 20 million m?. This is due to the surplus of raw materials on the market, as well as weather
conditions, as a result of which logging enterprises were forced to reduce the volume of wood raw materials.
The Strategy for the Development of the Timber Industry until 2030 was also approved, which, in turn, had
an impact on the timber industry in Russia (Order of the Government of the Russian Federation No. 312-r,
2021).

In 2020, there were changes in the export of timber, the requirements for phytosanitary control were
tightened, and there were restrictions on the supply of wood raw materials from Russia.

In the context of the pandemic, there was a decrease in demand and a decrease in prices, which
affected the decrease in the efficiency conditions. Therefore, these changes make it necessary to optimize
the costs of timber harvesting by constructing an economic and mathematical model that makes it possible
to conduct an economic assessment of the effective conditions of timber harvesting, depending on the

selected technology.
3. Research Questions

In the course of constructing an economic and mathematical model for the formation of costs and

determining effective conditions for logging, it is necessary to solve the following problems:

= Identify and analyze the factors that determine the efficiency of logging;
= Build an economic and mathematical model of the formation of costs for the maintenance and

operation of equipment to calculate the total costs of timber harvesting.

On the basis of the research carried out, to reveal the dependence of the level of costs for timber
harvesting on the average volume of the log and the distance of skidding, to build an economic and

mathematical model.
4. Purpose of the Study

The purpose of the study is to develop an economic and mathematical model, covering the formation
of costs and the determination of effective conditions for logging, including all technical, economic and
natural and climatic factors, methods for assessing the cost of operating machines and determining

economic efficiency.
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5. Research Methods

5.1. Justification for the choice of timber harvesting technology

To date, the choice of the logging technology that is most acceptable for the conditions of Russia is
an important task, since logging enterprises, planning the economic efficiency of timber harvesting,
consider the criteria "result - costs" as the main criterion, focusing on minimizing the cost part, which
affects profits as the basis of efficiency. Depending on the type of timber removed from the forest and its

skidding, three technologies are mainly used in logging (Bezpalko, 2018):

= mechanized (timber harvesting and skidding);
= machine (harvesting and skidding of whips);

= assortment (harvesting and skidding of assortments).
In general, the logging technology includes: a complex of logging operations, logging (at the
intermediate logging site, upper warehouse), transportation of timber (Pozdnyakova et al., 2019).

The work performed calculations for three systems of machines (Table 1).

Table 1. Composition of complexes of machines and mechanisms

Operations Workpiece technology
Machine Mechanized Assortment
Felling LP-19 Chainsaw "Husqvarna 372 XP" Harvester John Deer
Skid LT-157 TT-4 John Deere forwarder
Branching LP-33 Chainsaw "ShtilMS270"
Bucking " Sit};?;[lg?;@' Chainsaw "ShtilMS270" Harvester John Deere
Loading PL-2 PL-2

Reducing timber stocks in industrialized areas and the presence of difficulties in the development of
wild forests in new sparsely populated areas that do not have wide road networks and a system of processing
enterprises, as well as an increase in public attention to the environmental consequences of forest
development leads to the need to revise forest policy in the direction of increasing the volume of selective
cuttings and thinnings of forest maintenance. In this regard, there is growing interest in the assortment
technology of logging, which allows the most efficient mechanization of these types of felling, taking into

account modern environmental requirements.
5.2. Analysis of factors affecting the cost of logging products

Factors and indicators affecting the final amount of production costs can be divided into 3 groups:
quantitative, natural-geographical and cost (Figure 1). This list of factors is not exhaustive. In the course of
the analysis, two factors were identified that directly or indirectly affect all the variables of the developed

economic and mathematical model: the average volume of the whip and the distance of skidding.

2228


http://dx.doi.org/

https://doi.org/10.15405/epsbs.2021.09.02.249
Corresponding Author: A. V. Shishmareva
Selection and peer-review under responsibility of the Organizing Committee of the conference

elSSN: 2357-1330

Quantitative Natural-geographical Cost
- Ty ey
whip volume o soil type o car cost
—— —
- Ty ey
species costand
skid distance — composition of — frequency of
the stand maintenance
S S —
- Ty ey
fuel consumption - stand type —  costoffuels
S S —
- Ty ey
consumption of standing timber
auxiliary '— slope of terrain c (%st
materials
S — S —
—{ hauling distance Payments for
labor and staff
-
P—
L machinery
performance
S—

Figure 1. Factors affecting the cost of logging products

The costs included in the economic and mathematical model include all the costs of maintaining and
maintaining equipment. These include: depreciation of machinery and equipment; fuels and lubricants; on-
site equipment maintenance; carrying out maintenance; the cost of purchasing spare parts, auxiliary and
consumables; remuneration of the main workers. Thus, all of the above cost items change under the
influence of such factors as the volume of the whip and the distance of the skid (Mohirev et al., 2019).

The average log volume affects the shift performance of machines and mechanisms at all logging
operations. The higher the volume of the log of the cut trees, the higher the shift capacity, expressed in
cubic meters. Thus, for the same amount of time, the same mechanism with different volumes of the tree-
length can be used to harvest a different amount of m* of wood. It follows from this that the amount of
depreciation charged on a machine or mechanism will be transferred to a different amount of m3 of finished
products, therefore, the larger the average volume of the whip, the lower the specific depreciation

deductions.

5.3. Modeling the costs of maintaining and operating machines and mechanisms

The criterion for choosing the optimal system of logging equipment for enterprises (from an
economic point of view) is, as a rule, the lowest costs for its acquisition and maintenance with high

productivity (Ryabukhin, 2018). The economic benefits of loggers can be expressed as follows:
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where: Usy — fixed costs in the cost of maintaining and operating equipment; W,.— variable costs in the cost
of maintaining and operating equipment; Ks,— specific capital investments.

In the study, the rates of consumption of material resources, labor standards and standards were used
to calculate the unit operating costs for various types of machinery and equipment during clear felling,

depending on the change in the average volume of the tree-length and the distance of skidding (Figure 2).
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Figure 2. Expenses for maintenance and operation of equipment for conditions: average log volume
0.22-0.29 m’, average skidding distance - up to 150 m, rubles/m?3

The condition for a correct comparison was the uniformity of the manufactured products -
assortments, 4 and 6 m long. The basic cost value was taken as the cost of harvesting 1 m3 of timber with
a minimum log volume (up to 0.29 m*) and a minimum average skidding distance (up to 150 m).

Timber harvesting is more expensive in terms of depreciation due to the high cost of timber
harvesting machines. For the mechanized technology of timber harvesting, high values are noted under the
item “wages” due to the presence of manual labor. Tables 2 and 3 show the calculation of the cost of

harvesting 1 m? of wood with different volumes of the tree-length and the distance of skidding.

Table 2. Expenses for harvesting 1m? of wood with different volumes of log and skidding distance up to

150 m, rub
Average whip volume, Workpiece technology
m? Machine Mechanized Assortment
0.22-0.29 465.90 431.79 605.52
0.30-0.39 405.76 373.12 499.80
0.40-0.49 358.14 320.77 445.88
0.50-0.75 319.21 283.14 401.70
0.75-1.10 276.35 245.85 365.42
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Table 3. Expenses for harvesting 1 m* of wood at different skidding distances and average log volumes
01 0.40-0.49 m>, rub.

0,22-0.29 0,30-0.39 0.40-0.49 0,50-0,75 0,76-1.10
Average whip volume, M3

Average whip volume, Workpiece technology
m’ Machine Mechanized Assortment
till 150 358.14 320.77 445.88
151-300 379.14 335.59 468.10
301-500 400.50 345.37 511.85
. 800
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Figure 3. Dependence of the cost of harvesting 1m? of timber by three systems of machines for a
skidding distance of 150m from the average log volume
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Figure 4. Dependence of the cost of harvesting 1m?® of timber by three systems of machines for an
average log volume of 0.4-0.49 m? on the distance of skidding

Based on the schedule of unit costs for the production of Im? of wood, it can be concluded that,
under the accepted conditions, the use of mechanized technology is preferable based on the criterion of
minimizing costs (Figure 3).

With an increase in the skidding distance, the unit costs for three sets of machines increase. With an
average log volume of 0.40-0.49 m?, the costs for using domestic and imported machines differ, and

mechanized timber harvesting technology is also preferable (Figure 4).
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6. Findings

With an increase in the volume of the whip, a decrease in the cost of harvesting 1 m* of wood is
observed within the limits of the invariability of such a factor as the distance of skidding. At the same time,
with a change in the skidding distance, an increase in the cost of harvesting 1 m* of timber is observed,
while the factor "log volume" remains unchanged.

To determine the dependence of the cost level on the above factors, the graphs of the dependence
were plotted in the context of the analysed logging technologies - machine, mechanized and assortment
(Figures 5-7).

The resulting graphs make it possible to determine and predict the level of costs for timber harvesting
with a combination of the identified factors (the volume of the log and the distance of skidding).

Analysing the visualized research results, we can say that the graphs clearly demonstrate a decrease
in the cost of harvesting 1m® of wood. The highest value of costs for all technologies is noted under the
condition of timber harvesting with a volume of 0.2-0.29 m* with a skidding distance of more than 500 km.
The smallest results are provided on the condition of harvesting whips with a volume of 0.75-1.1 m® at a

skidding distance of 150 m.

Cost of harvesting 1 cubic
meter of wood

4659
501,43
526,54 4Ys,76
< 431,16
358,14
452,07 -
< 379,14
100,5 ; 319,21
336,47
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300 0,30,39™
’ : 293,36
440,38 =
500 108,82
0,50,75
Hauling distance, m
Average whip
volume, m*
0,75-1,1

Figure 5. A graph of the dependence of the cost of harvesting 1m? of timber on the volume of the log and
the distance of skidding when using machine harvesting technology
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Figure 6. A graph of the dependence of the cost of harvesting 1m? of timber on the volume of the log and
the distance of skidding when using mechanized harvesting technology
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Figure 7. A graph of the dependence of the cost of harvesting 1m? of timber on the volume of the log and
the distance of skidding when using the assortment technology of harvesting

Comparing the results obtained, we can conclude that the optimal technology of timber harvesting
with a combination of factors affecting the efficiency of timber harvesting is mechanized timber harvesting

technology. This is due to the low level of maintenance costs of the mechanisms.
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The results of the study are applicable to the implementation of forestry enterprises in the activities
of enterprises to determine the level of procurement costs and identify the most promising and suitable
options for orders. The results obtained also allow us to plan the prices for timber sales and predict the

expected profit.

7. Conclusion

One of the main directions of increasing the efficiency of logging production is to reduce operating
costs, as well as to use it as efficiently as possible, which is possible with the correct selection of machinery
and equipment.

The level of costs for the maintenance and operation of machines and mechanisms determines the
economic efficiency of logging production as a whole. These costs account for about 30% of the cost of
one harvested cubic meter of wood.

To calculate the costs of maintaining and operating the equipment, an economic and mathematical
model was compiled, taking into account the influence of the main factors on the level of costs for cutting
operations - the average volume of the log and the distance of skidding.

It has been used to calculate costs for three machine systems:

= yusing machine technology of workpieces;
= using mechanized procurement technology;

= using cut-to-length procurement technology.

Also, for each calculation, an illustration of the dependence of costs on the factors that determine
their level is presented.

In the process of cost modelling, it was concluded that the use of imported equipment is highly
costly, although it is characterized by maximum productivity. Under the accepted conditions, the use of
mechanized technology is preferable based on the criterion of minimizing costs. With an increase in the
skidding distance, the unit costs for three sets of machines increase.

Comparing the results obtained, we can conclude that the optimal technology of timber harvesting
with a combination of factors affecting the efficiency of timber harvesting is mechanized timber harvesting
technology. This is due to the low level of maintenance costs of the mechanisms.

The results of the study are applicable to the implementation of forestry enterprises in the activities
of enterprises to determine the level of procurement costs and identify the most promising and suitable
options for orders. The results obtained also allow us to plan the prices for timber sales and predict the

expected profit.
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