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1. INTRODUCTION
The Use of forest biomass based renewable energy resources 
has recently become increasingly important. It has become an 
international issue, as the wood raw material is one of the few 
renewable raw materials for energy use. However, the optimal 
use of available forest biomass requires dealing with a number 
of mutually correlated technical, technological, economic, 
environmental and logistic problems, linked by conditionality 
and thus creating a narrow set of optimal technological solutions 
ranging from the extraction to final processing of biomass [1]. In 
the contribution, the authors focus on the example of optimal 
decision-making based on the distribution model. It is so-called 
classic transport problem pointing to the essential issues of the 
need for optimizing the variants. 

In logistic system, cost calculation plays a  significant role 
in optimizing specific activities, where the relevant effective 
solution is considered to be the one with the minimum 
implementation costs [2-4]. The scheme of the transport and 
logistics problem of transporting biomass in forestry can be 
briefly described as follows: There are  suppliers who are able 
to supply certain amount of goods. A typical supplier is a 
collecting point and the goods are forest biomass. On the other 
side, there are customers who want to take a specific amount 
of biomass. Other known facts are the mutual conditions of the 
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Summary
The Use of renewable resources on the basis of forest biomass is gradually becoming 
an international issue. The conditions for the optimal use include solving several 
technical, technological, economic and environmental problems. The contribution 
is aimed at solving a role model of optimization of forest biomass transport in 
the conditions of the School forestry enterprise of the Technical University in 
Zvolen. The solution is based on the algorithm-based working software the MODI 
mathematical methods. For the purposes of optimization, the following criteria have 
been selected: time consumption per 1 m3, cost per 1 m3 and fuel consumption per 
1 m3. In total, 5995 m3 of forest biomass is to be transported. Regarding the first 
criterion, the total optimal solution is 809.62 h, for the second criterion, the optimal 
value is 8871.15 € and for the third one it is 1.43 l.m-3. The evaluated criteria are a 
partial solution of the transport problem optimization. What is important are also 
the links to technological background, anthropometric parameters of service and 
international trade, and connection to water transport in the case of REALIZACE 
OBCHODU with intercontinental trade partners.
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goods transportation from a particular supplier to a particular 
customer. The conditions imply costs, time, consumption of 
materials etc. The transport relationship between the supplier 
and the customer, identified and quantified by various indicators, 
is the evaluation of the transport route. If the suppliers´ capacity 
and customers’ demand are the same, the transport problem is 
balanced. However, this occurs rarely.

Classic transport problem is typically described by means 
of cost component as follows: The assumption is that the 
suppliers´ capacity equals to the customers´ requirements. It is 
necessary to decide which supplier should supply the customers 
in order to have the lowest overall freight costs [5]. The aim of 
the contribution is to solve the model example of the forest 
biomass transport, which optimizes the transport relations on 
the basis of the known algorithm of the MODI mathematical 
methods [6-8].

2. METHODOLOGY 
The model example of forest biomass transport optimization 
was solved using the ”LESDOP“ software which optimizes the 
transport relations based on the known algorithm of the MODI 
mathematical method. The program assumes at least basic 
knowledge of the problem and the general knowledge of the 
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algorithm of the calculation. These assumptions are necessary 
for understanding the effect of the resulting optimized outputs. 
The program works with a matrix with M number of rows and 
N number of columns (max. M = 20, N = 20). After creating 
the transport relations matrix, the resulting matrices of the 
individual iterations are calculated with the quantification of the 
target function until the final optimal solution is found. As an 
input for the model example, the data from the School forestry 
enterprise of the Technical University in Zvolen were used: 
-- The Forest administration has 5 collecting points (suppliers): 

Lúky - D1; Podjavor – D2; Dúbravy – D3; Mláčik – D4; Lopaty 
– D5

-- There are 4 collection vehicles available: T 815 – O1; Iveco1 – 
O2; Iveco2 – O3; Scania – O4.

-- the wood is transported to the customer from the individual 
D distances: D1 – 24 km; D2 – 18 km; D3 – 35 km;  D4 – 41 km; 
D5 – 13 km.

-- at individual collecting points there are available the following 
volumes of biomass intended for energy use: D1 – 1050 m3; D2 
– 1400 m3; D3 – 1250 m3;  D4 – 963 m3; D5 – 1332 m3.

-- loading capacity in m3 is as follows: O1 – 10 m3; O2 – 14 m3; 
O3 – 17 m3; O4 – 28 m3.

-- transport requirements for the individual SOUPRAVY in m3 
are as follows: O1 – 870 m3; O2 – 1610 m3; O3 – 1688 m3; O4 – 
1827 m3.

-- direct costs of 1 h operation are: O1 – 8,62 €; O2 – 9,2 €; O3 – 
11,6 €; O4 – 13,2 €.
Other production and technical conditions are: average 

circumference of a tree trunk is 0.73 m3, the service consists of 2 
workers, it is the summer period, the vehicles use asphalt roads 
with good surface and under normal conditions. The gradient 
of the road is 2 – 6 %. Wood is piled up using a grapple loader 
or front loader.

The aim is to optimize the transport of forest biomass 
to the processor while achieving the shortest time possible 
necessary for transport of 1 m3 of biomass or the lowest costs 
of transporting 1 m3 of biomass or ensuring the lowest fuel 
consumption per one fully loaded vehicle turn. Naturally defined 

objectives are not the only potentially declarable objectives in 
this field. As a task, a whole range of other indicators could be 
defined that more or less affect this process.

3. RESULTS
First of all, it was necessary to determine the time required 
per transport of 1 m3 of biomass for wood removal from each 
collecting point (D) and for each vehicle – collection vehicle (O). 
We will gain in total 5x4 – 20 data. The data were obtained from 
the performance standards [9].

Based on the time required per 1 m3 and costs of 1 hour 
of operation of vehicles, the transport costs per 1 m3 will be 
determined (20 data). 

Based on the fuel consumption standards, consumption per 
1 m3 for each collecting point and each vehicle will be identified. 
Those will be calculated for a fully loaded vehicle. Again, we will 
have a set of 20 data. For each task, a matrix with 4 rows and 5 
columns can be created, where the data on the time required, 
costs or fuel consumption will be on the intersections of rows 
and columns based on the selected task. The data on the 
intersections represent the valuation of the transport relation 
in concrete units (h, €, l). For the assigned model task, the 
individual data were calculated as showed in Table 1 – 3.

The optimal solution was identified using the iterative 
method, i.e. searching for a better solution until the optimal 
one is found. The solution consists in assigning an appropriate 
amount of wood to individual routes (cells) so that the sum 
of the products of the transported volume of wood and the 
valuation is as low as possible (see Table 1, Table 2, Table 3). The 
sum of the products is a target function (Z). When optimizing 
the time required per 1 m3, the optimal solution was found after 
6 iterations, where the Z values were from 981.43 h until the 
final optimal solution with the Z value of 809.62 h. The lowest 
consumption of time per 1 m3 will be achieved if the wood is 
transported via chosen routes, that is, from the designated 
collecting point, using the appropriate vehicle and at the 
calculated volume. The optimal consumption of time per 1 m3 
will be 809.62 h : 5995 m3 = 0.135 h.m-3. 

Table 1 Input data for time consumption optimization per 1 m3 

O/D D1 D2 D3 D4 D5 Req. O

O1 0.25 0.21 0.33 0.37 0.17870   870

O2 0.14 0.111148 0.18 0.20 0.09462 1610

O3 0.141050 0.12252 0.18386 0.19 0.11 1688

O4 0.11 0.10 0.13864 0.14963 0.09 1827

Capacity D    1050     1400     1250     963    1332 5995

Zopt = 809.62 h
Source: authors

Table 2 Input data for cost optimizing minimizing/ in € per 1 m3 

O/D D1 D2 D3 D4 D5 Req. O

O1 2.155 1.810 2.845 3.189 1.465870   870

O2 1.288 1.012762 1.6561250 1.84 0.828462 1610

O3 1.6241050 1.392638 2.09 2.204 1.276 1688

O4 1.452 1.32 1.716 1.848963 1.188 1827

Capacity D    1050    1400    1250    963     1332 5995

Zopt = 8871.15 €
Source: authors
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When determining the minimum costs of 1 m3, the optimal 
solution was found in the 7th iteration. 8871.15 € : 5995 m3 = 
1.48 €.m-3.

When optimizing fuel consumption, a more complex way of 
calculation of fuel consumption per one turn of a fully loaded 
vehicle was chosen. The value of target function (Zopt) has a clear 
information value, but represents only notional amount of fuel 
consumed. The actual consumption in litres will be calculated 
if the transported volume and consumption per one turn is 
converted/ allocated per tonnage of the vehicle.

Zopt = [/870:10/ . 24] + [/267:14/ . 17] + [/1250:14/ . 27] + 
[/1050:17/ . 24] + [/638:17/ . 20] + [/495:28/ . 26]+[/1332:28].22] 
= 8561.86 l.

The fuel consumption per 1 m3 will be 8 561.86 : 5995 m3 
= 1.43 l.m-3. For one task, 3 alternatives of valuation have been 
formulated and optimized (time, costs, fuel consumption). Three 
possible ways of transporting the given volume of biomass 
using the given vehicles were obtained. The final decision for a 
particular solution should be based on ensuring the priorities.

The choice of the optimal transport option criterion should 
be in line with the current needs of the operation. Besides the 
evaluated factor, logistics is influenced by many other factors 
that can have either seasonal or accidental character (forest 
road network density, season of the year, type of extraction etc.)

The road transport sector is one of the most risky ones in 
terms of number of fatal accidents at work. However, in the 
forestry sector, the production phase in timber extraction 
and transport process is much more risky. In terms of work 
accidents, this phase of the extraction and transport process is 
the least risky [10]. Nevertheless, when optimizing the transport 
of wood, even this factor must be taken into consideration. It 
is the time constraints and workload of the operational staff of 
the vehicles that can cause an increased risk of work accidents. 
In terms of days of the week, the most risky one seems to be 
Tuesday [11]. Taking into account the planned time of ODVOZ 
and consumption of time per 1 m3, this parameter should also 
be allowed for. 

In the broader context, it is also necessary to consider 
anthropometric and ergonomic parameters of the individual 
vehicles as well as the workers. In this respect, one of the most 
important parameters are the dimension/ size of human feet, 
which showed the highest increase over the last 20 years [12].

4. CONCLUSION
The forest biomass transported within the integrated technology 
represents the most promising option of producing alternative 
energy compared to fossil fuels [1], [13]. In the future, in terms 
of optimizing raw material supply, the most important factors 
for energy performance will be time and transport distance [14]. 

Transport distance is also very important in assessing economic 
efficiency of using biomass from less valuable forests, or mass 
thinner than 7 cm [15]. However, for creating any optimization 
models, the input variables are important: the means of transport 
available (their capacity, performance, fuel consumption) and 
the transport options realizable. The transport by means of 
collection vehicles requires the appropriate  in forest areas on 
hardened forest paths [16-21]. 

In our model example of optimizing the forest biomass 
transport,  time constraints, costs per 1 m3 and time 
consumption were chosen as the main optimization criteria. For 
the management of forestry companies, these 3 criteria are the 
most important ones to be taken into account when choosing 
the optimal solution of transport and logistics problems [22], 
[23]. When choosing the optimal alternative, other optimization 
factors can play a part, such as the quality of the work carried 
out and the damage caused in relation to the service parameter. 
Another criterion can be the link to transport nodes and another 
type of transport, e.g. by sea, which is often used for exporting 
luxurious assortments of raw wood or wood-based biofuel to 
continental markets in accordance with the introduction of the 
so-called green logistics [24], [25]. 

With regard to the results of the model solution of 
optimization of forest biomass transport logistics in concrete 
conditions, it may be stated that the MODI mathematical 
methods areapplicable for solving transport problems. These 
methods can be used not only in road transport, but also in 
other types of transport used for transporting biomass and 
wood-based biofuel (especially rail or sea transport). 
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