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STRATEGY FOR THE IMPLEMENTATION OF TRANSPORT 

PROCESSES TOWARD IMPROVING SERVICES 
 

Summary. The current situation in the commodities market has forced suppliers 

to change their ways of satisfying customer needs. The supply chain aims to deliver 

raw materials, semi-finished products and finished products to the right place at the 

right time, incurring the lowest costs. Therefore, high-quality transport services 

have become indispensable in competing with other entities, enterprises are guided 

by the timeliness of deliveries in the Just-in-Time and Door-to-Door systems, and 

the costs incurred. Hence, to ensure that the pursued actions are implemented 

effectively, it is imperative to apply a process strategy comprising a characteristic 

component of the transport process management that would have a significant 

impact on the improvement of the services provided. In this paper, the authors 

conducted research on a real object of cargo transport on fixed routes and 

established a concept of streamlining the transport processes carried out at a 

company. The improvement concept proposed by the authors permits 
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the minimization of the time of loading operations on routes related to a specific 

load. The result is a reduced total time of cargo transport, which offers the 

possibility of taking more orders at the studied company. 

Keywords: shipping process, service quality, transport order, transport fleet 

 

 

1. INTRODUCTION 

 

Dynamic economic development has had a substantial impact on transport, which has 

formed the basis of a thriving enterprise in the goods and services market. To avoid excessive 

costs and save time, companies without their own rolling stock began using the services of other 

specialized companies [1, 4, 6, 7]. Partnering with new business partners led to the creation of 

a supply chain in which transport plays a key role [20]. Transport companies are entities that 

condition the correct flow of goods from suppliers to recipients [11]. Delays that occur during 

cargo transport adversely affect the entire supply chain. Thus, an important issue is the analysis 

of the implemented routes to improve the transport process and prevent undesirable situations 

that impede transport [2, 10, 13, 15]. Since the transport service market creates a huge scale of 

competition, entrepreneurs seek to achieve an advantage in terms of modernity, speed, and the 

quality of services provided [3, 8-9, 14].  

The concept of supply chain management as a management strategy is based on cooperation 

centered on linking business operations between enterprises to achieve a common vision of 

market opportunities [17, 19, 22]. Therefore, running a transport company is associated with 

the management of key processes, which include fleet management and transport processes [24-

25]. Therefore, management of the transport process should be regarded as a sequence of mutual 

interactions that transform the input state into the initial state, implementing the plan of 

delivering goods to the customer in line with the Just-in-Time and Door-to-Door principle [12, 

16, 23].  

This article analyzed the number of services provided by regular and other business partners 

as well as the number of orders carried out with their own fleet and through forwarding at a 

company in the years 2019-2020. A comparative analysis of transport processes carried out on 

fixed routes in the examined enterprise was carried out. Based on the analysis, the authors 

posited a concept of improving the transport processes by reducing the times of loading 

operations. The improvement was carried out using operational parameters indicators: transport 

time, operational speed, and vehicle performance. 

 

 

2. CHARACTERIZATION OF THE TRANSPORT COMPANY STUDIED 
 

The investigated company provides services in the transport of goods by road in Poland. The 

transported load consists of building materials and furniture boards. In 2017, the company 

purchased its first truck tractor unit. The turn of 2018-2019 was a crucial time due to the long-

standing cooperation with companies that became their main customers, contributing to the 

expansion of the carrier’s fleet by another 2 sets of tractor units with trailers in 2019 (Figure 1). 
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Fig. 1. Development of rolling stock at the turn of 2017-2020 at the enterprise 

 

The company’s fleet includes only Scania tractor units with mega curtain trailers. The 

specification of mega semi-trailers is as follows: length of 13.61 m, a width of 2.48 m, a lowered 

structure and smaller wheels. As a result, the cargo space can be increased up to 3 m while 

maintaining the requirement not to exceed the maximum vehicle height of 4 m. The sides are 

covered with a curtain, allowing for quick loading and unloading from the side, back and top 

due to the use of a raised roof. The height of the loading space can be adjusted in the range of 

2.9 - 3 m, for example, to match the load to the vehicle [21] (Figure 2). 

As a result of the research carried out on a real object, the analysis of the transport process 

was presented in the form of an algorithm (Figure 3). 

 

 
 

Fig. 2. Cross-section of a mega curtain semi-trailer [21] 
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Fig. 3. Organization of the transport process at the enterprise 

 

Based on the analysis of the company, the business partners with whom cooperation was 

usually undertaken for the total number of completed orders were indicated. In 2018, the most 

frequent cooperation took place with contractors no. 3 and 4, which accounted for 54.3% and 

19.8%, respectively, of all orders. The remaining 25.9% of executed orders were from other 

contractors who were not regular customers of the analyzed carrier. In 2019, there was an 

increase in the total number of transport services provided by 349, representing an increase in 

the number of services delivered by 177%. The recorded progress stemmed from the 

development of the carrier’s rolling stock and the cooperation established with contractor no. 2, 
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for whom 187 transport services were implemented yearly, amounting to 34.2% of all orders. 

In 2019, contractor no. 3 was provided 159 services, which accounted for 29.1% of all orders. 

Comparing 2020 to 2019, there was an increase in the number of services provided by 176% 

(416 more completed orders compared to the previous year). Contractors no. 1 and 2 represent 

54.3% of all orders in 2020 at a level of 523 services provided (Figure 4). 

 

 
 

Fig. 4. Business partners of the company at the turn of 2018-2020 [18] 

 

Based on the analysis and the adopted growth rate of the number of services provided at the 

level of 176%, an increase in the number of completed orders by 2023 was forecast. In effect, 

the most favorable variant of the company’s development was presented, assuming no 

disruptions in the execution of orders related to the technical aspects of the carrier’s rolling 

stock, staffing problems and external factors, for example, changes in legal regulations or 

epidemiological situation (Figure 5). 

 

 
 

Fig. 5. Forecast growth in the number of services provided until 2023  

at the enterprise 

 

 

3. ANALYSIS OF TRANSPORT PROCESSES CARRIED OUT AT 

THE ENTERPRISE 
 

The analysis covered the service recipients for the number of services rendered for regular 

contractors and others, and the number of services provided by own transport and forwarding 

(Table 1). 
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Tab. 1 

Source data of the services provided in 2019-2020 at the enterprise. 

 
 YEAR 2019 

Month 

Number of 

services 

provided to 
regular 

contractors 

Number of 

services 

provided to 
other 

contractors 

Total 

Structure of the 

share of regular 

contractors in all 
services 

provided [%] 

Number of 
services 

provided by 

own fleet 

Number of 
forwarding 

services 

provided 

Structure of the 
number of 

services provided 

by own fleet [%] 

Structure of the 
number of services 

provided by 

forwarding [%] 

January 6 10 16 38 16 0 100 0 

February 6 9 15 40 15 0 100 0 

March 32 5 37 86 37 0 100 0 

April 32 10 42 76 42 0 100 0 

May 34 15 49 69 36 13 73 27 

June 23 35 58 40 49 9 84 16 

July 41 31 72 57 65 7 90 10 

August 37 20 57 65 57 0 100 0 

September 38 17 55 69 55 0 100 0 

October 39 21 60 65 60 0 100 0 

November 28 23 51 55 51 0 100 0 

December 29 5 34 85 34 0 100 0 

 YEAR 2020 

Month 

Number of 

services 

provided to 
regular 

contractors 

Number of 

services 

provided to 
other 

contractors 

Total 

Structure of the 

share of regular 

contractors in all 
services 

provided [%] 

Number of 
services 

provided by 

own fleet 

Number of 
forwarding 

services 

provided 

Structure of the 
number of 

services provided 

by own fleet [%] 

Structure of the 
number of services 

provided by 

forwarding [%] 

January 44 18 62 71 62 0 100 0 

February 43 29 72 60 71 1 99 1 

March 35 37 72 49 72 0 100 0 

April 19 50 69 28 69 0 100 0 

May 33 37 70 47 70 0 100 0 

June 43 38 81 53 81 0 100 0 

July 127 47 174 73 164 10 94 6 

August 90 24 114 79 101 13 89 11 

September 23 38 61 38 42 19 69 31 

October 26 45 71 37 46 25 65 35 

November 22 39 61 36 44 17 72 28 

December 18 37 55 33 45 10 82 18 

 

In 2019, there was an upward trend in the number of services provided throughout the 

months, as a result of which 546 orders were completed during the year, and of these, 517 were 

carried out by the company’s own fleet. Throughout the months, an average of 46 transport 

orders were carried out. At the turn of January and April, a significant increase of 15 to 42 

orders was recorded. In February, the impact of establishing cooperation with regular business 

partners became visible, constituting 86% of the services provided. From May to July 2019, the 

provision of forwarding services recorded 5.3% of the annual number of fulfilled orders. From 

August to November, the company only used its own fleet and oscillated around 60 orders per 

month. In December, there was a decrease to 34 services rendered, of which 85% involved 

regular contractors. In 2020, the number of performed services equaled 962. Compared to the 

previous year, the increase was 176%, which proves the carrier’s rapid development. An 

increase in the average number of services performed during the month by 34 orders was also 

evident, which entailed a 174% improvement. The year 2020 recorded 95 forwarding services, 

representing 9.9% of all completed orders, that is, an increase of 4.6%. 

The following routes were the subject of the analysis: 

- route no. 1: Stare Żukowice - Pustków Osiedle - Wrocław - Oleśnica - Tarnów - Stare 

Żukowice, 
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- route no. 2: Stare Żukowice – Tarnów – Sucha Górna – Lubin – Dębica – Stare 

Żukowice, 

- route no. 3: Stare Żukowice – Dębica – Kłodnica – Tarnów – Stare Żukowice. 

 

As a result of the analysis of routes no. 1, 2 and 3 in 2019-2020, Tables 2-7 were prepared, 

including the route number, distinguished sections on the route, the date, time and place of 

departure and arrival, section distance, load weight, travel time and pause on the route, time of 

loading operations and total fuel consumption on the route section. Based on the source data, 

the following values were calculated: minimum, maximum, average and the sum of distances, 

driving time, pauses on sections, loading activities, total work, and total fuel consumption. 

In 2019, route no. 1, totaling 860 km, was covered in 14 h 30 min. The total transport time 

included: driving – 11 h 05 min, pause while driving 1 h 35 min, loading 1 h 35 min, unloading 

1 h 50 min. The route was completed within two working days. During the first day, 3 sections 

with a total length of 475 km were covered in 9 h 30 min. On the second day, the remaining 2 

sections with a length of 385 km were driven within 6 h 35 min. During transport, the total fuel 

consumption was 260.4l, and the average consumption on the route section was 52.1l (Table 2). 

 

Tab. 2 

Source data for route no. 1 in 2019 

 
ROUTE: STARE ŻUKOWICE - PUSTKÓW OSIEDLE - WROCŁAW - OLEŚNICA - TARNÓW - STARE ŻUKOWICE 
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1 

1 

Stare 

Żukowice-  
Pustków 

Osiedle 

Stare  
Żukowice 

01.03.2019 06:00 45 - 00:40 - 
Pustków 
Osiedle 

06:40 00:50 - 01:30 - 9,3 

2 

Pustków 

Osiedle-
Wrocław 

Pustków 

Osiedle 
01.03.2019 07:30 400 20 05:00 00:50 Wrocław 13:20 - 01:00 06:00 - 125 

3 
Wrocław- 

Oleśnica 
Wrocław 01.03.2019 14:20 30 - 00:25 - Oleśnica 14:45 00:45 - 01:10 15:30 7 

4 
Oleśnica-

Tarnów 
Oleśnica 02.03.2019 06:00 370 24 04:40 00:45 Tarnów 11:25 - 00:50 05:30 - 115,6 

5 

Tarnów- 

Stare 
Żukowice 

Tarnów 02.03.2019 12:15 15 - 00:20 - 
Stare  

Żukowice 
12:35 - - 00:20 12:35 3,5 

  

Sum 860 - 11:05 01:35 - - 01:35 01:50 14:30 - 260,4 

Minimum 15 - 00:20 00:45 - - 00:45 00:50 00:20 - 3,5 

Maximum 400 - 04:30 00:50 - - 00:50 01:00 06:00 - 125 

Average 172 - 02:13 00:48 - - 00:48 00:55 02:54 - 52,1 

 

In 2020, there were changes during the transport process. The times were extended: total 

work was extended by 1 h 25 min, loading activities by 1 h 15 min, driving by 10 min and 

pauses on the section by 10 min. The route was covered in two working days. During the first 

day, three sections with a length of 475 km were covered in 10 h 55 min, and on the second 

day, the remaining two sections with a length of 385 km were driven in 6 h 45 min. As a result 

of the comparison to route no. 1 in 2019, it was observed that the travel time of sections 1-3 

was extended by 1 h 25 min, while sections 4-5 were extended by 10 min. The extended loading 

and unloading times were associated with longer vehicle operations and the necessity to 

increase speed during transport, as a result of which, the fuel consumption on the route 
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increased by 19 liters, and the average fuel consumption on the route section grew by 3.8 liters 

(Table 3). 

 

Tab. 3 

Source data for route no. 1 in 2020 
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1 

1 

Stare 
Żukowice-  

Pustków 

Osiedle 

Stare  

Żukowice 
01.03.2020 06:00 45 - 00:40 - 

Pustków 

Osiedle 
06:40 01:10 - 01:50 - 11,3 

2 

Pustków 

Osiedle-

Wrocław 

Pustków 
Osiedle 

01.03.2020 07:50 400 20 05:00 01:00 Wrocław 13:50 - 01:15 06:15 - 133,4 

3 
Wrocław 
-Oleśnica 

Wrocław 01.03.2020 15:05 30 - 00:40 - Oleśnica 15:45 01:10 - 01:50 16:55 7,5 

4 
Oleśnica-

Tarnów 
Oleśnica 02.03.2020 06:00 370 24 04:30 00:45 Tarnów 11:15 - 01:05 05:35 - 123,4 

5 

Tarnów- 

Stare 

Żukowice 

Tarnów 02.03.2020 12:20 15 - 00:25 - 
Stare  

Żukowice 
12:45 - - 00:25 12:45 3,8 

  

Sum 860 - 11:15 01:45 - - 02:20 02:20 15:55 - 279,4 

Minimum 15 - 00:25 00:45 - - 01:10 01:05 00:25 - 3,8 

Maximum 400 - 04:30 01:00 - - 01:10 01:15 06:15 - 133,4 

Average 172 - 01:53 00:53 - - 01:10 01:10 03:11 - 55,9 

 

In 2019, route no. 2 with a length of 1015 km was covered in 16 h 10 min. The total transport 

time included: driving 13 h 35 min, pause while driving 1 h 45 min, and loading activities 2 h 

35 min. The route was covered in 2 days; on the first day, 510 km were covered in 9 h 20 min. 

The remaining two sections with a length of 505 km were covered in 9 h 5min the next day. 

During transport, the total fuel consumption was 321.5l and the average consumption on the 

route section was 64.3l (Table 4). 

Due to the analysis of route no. 2 in 2020, there was an improvement in the total time needed 

to cover the route. The total working time on the route was 15 h 35 min. This progression 

proceeds from the reduction of driving time on sections no. 2 and 4 by 35 minutes and more 

efficient loading activities by 5 minutes. The time improvement negatively affected fuel 

consumption of 22.4 l on the entire route, which resulted from the increased speed during the 

transport with a load (Table 5). 

From the study of route no. 3, it was observed that the route with a length of 450 km was 

covered in 9 h 25 min. The total transport time included the following times: driving - 6 h, 

loading activities 3 h 25 min. After unloading, the required pause of 1 h 05 min was completed 

on the second section. The remaining sections no. 3 and 4 were completed in 3 h 30 min, and 

work was finished at 6:30 p.m. During transport, the total fuel consumption was 141.4 l, and 

the average fuel consumption on the route section was 68.8 l (Table 6). 

Based on the analysis of route no. 3, it was noticed that the route was covered 10 minutes 

faster than in the previous year. The 450 km route was covered in 1 working day. The reduction 

of the time needed for loading activities by 25 minutes had a positive effect on the total working 

time, despite the extended driving time of 15 minutes. There was a major increase in the total 
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fuel consumption on the route by 13.4 l and the average fuel consumption on the section by 

3.3 l (Table 7). 

 

Tab. 4 

Source data for route no. 2 in 2019 
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R
o
u

te
 n

u
m

b
er

 

S
ec

ti
o
n
 

R
o
u

te
  

o
f 

se
ct

io
n
 

P
la

ce
  

o
f 

d
ep

ar
tu

re
 

D
at

e 
o

f 
d

ep
ar

tu
re

 [
d
ay

: 

m
o

n
th

: 
y

ea
r]

 

H
o

u
r 

o
f 

d
ep

ar
tu

re
 

[h
o
u

r:
 m

in
u
te

] 

D
is

ta
n

ce
 [

k
m

] 

W
ei

g
h
t 

o
f 

 

lo
ad

 [
t]

 

D
ri

v
in

g
 t

im
e 

[h
] 

P
au

se
 t

im
e 

 

at
 t

h
e 

ro
u
te

 [
h

] 

P
la

ce
 o

f 
ar

ri
v

al
 

H
o

u
r 

o
f 

ar
ri

v
al

  

[h
o
u

r:
 m

in
u
te

] 

T
im

e 
o

f 
lo

ad
in

g
  

[h
] 

T
im

e 
o

f 
 

u
n
lo

ad
in

g
 [

h
] 

T
o

ta
l 

w
o

rk
in

g
  

ti
m

e 
[h

] 

E
n
d

 o
f 

w
o

rk
  

[h
o
u

r:
 m

in
u
te

] 

T
o

ta
l 

fu
el

  

co
n

su
m

p
ti

o
n

 [
l]

 

2 

1 
Stare 

Żukowice 

-Tarnów 

Stare  

Żukowice 
05.03.2019 06:00 15 - 00:20 - Tarnów 06:20 00:30 - 00:50 - 3,6 

2 

Tarnów-  

Sucha 
Górna 

Tarnów 05.03.2019 06:50 470 15 6:00 00:45 
Sucha 

Górna 
13:35 - 00:40 06:40 - 151,6 

3 

Sucha 

Górna-
Lubin 

Sucha 

Górna 
05.03.2019 14:15 25 - 00:25 - Lubin 14:40 00:40 - 01:05 15:20 6 

4 
Lubin-

Dębica 
Lubin 06.03.2019 04:00 475 23 6:20 01:00 Dębica  11:20 - 00:45 07:05 - 153,2 

5 

Dębica- 

Stare 

Żukowice 

Dębica 06.03.2019 12:05 30 - 00:30 - 
Stare  

Żukowice 
12:35 - - 00:30 13:05 7,1 

  

Sum 1015 - 13:35 01:45 - - 01:10 01:25 16:10 - 321,5 

Minimum 15 - 00:20 00:45 - - 00:30 00:40 00:30 - 3,6 

Maximum 475 - 04:30 01:00 - - 00:40 00:45 07:05 - 153,2 

Average 203 - 01:56 00:53 - - 00:35 00:43 03:14 - 64,3 

 

Tab. 5 

Source data for route no. 2 in 2020 
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1 

Stare 

Żukowice
-Tarnów 

Stare  

Żukowice 
19.04.2020 06:00 15 - 00:20 - Tarnów 06:20 00:30 - 00:50 - 3,8 

2 

Tarnów- 

Sucha 
Górna 

Tarnów 19.04.2020 06:50 470 15 05:45 00:45 
Sucha 

Górna 
13:20 - 00:30 06:15 - 162 

3 

Sucha 

Górna-
Lubin 

Sucha 

Górna 
19.04.2020 13:50 25 - 00:25 - Lubin 14:15 00:50 - 01:15 15:05 6,4 

4 
Lubin-

Dębica 
Lubin 20.04.2020 04:00 475 23 6:00 01:00 Dębica  11:00 - 00:45 06:45 - 164 

5 
Dębica- 

Stare 

Żukowice 

Dębica 20.04.2020 11:45 30 - 00:30 - 
Stare 

Żukowice 
12:15 - - 00:30 12:15 7,7 

  

Sum 1015 - 13:00 01:45 - - 01:20 01:15 15:35 - 343,9 

Minimum 15 - 00:20 00:45 - - 00:30 00:30 00:30 - 3,8 

Maximum 475 - 04:30 01:00 - - 00:50 00:45 06:45 - 164 

Average 203 - 01:52 00:53 - - 00:40 00:38 03:07 - 68,8 
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Tab. 6 

Source data for route no. 3 in 2019 
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1 
Stare Żukowice 

-Dębica 

Stare  

Żukowice 
20.05.2019 08:00 45 - 00:40 - Dębica 

08:4

0 
00:50 - 01:30 - 11,3 

2 
Dębica- 

Kłodnica 
Dębica 20.05.2019 09:30 210 20 02:50 - Kłodnica 

12:2

0 
00:40 00:55 04:25 - 70 

3 
Kłodnica- 
Tarnów 

Kłodnica 20.05.2019 15:00 180 18 02:15 - Tarnów 
17:1

5 
- 01:00 03:15 - 56,3 

4 
Tarnów-Stare 

Żukowice 
Tarnów 20.05.2019 18:15 15 - 00:15 - 

Stare 

Żukowic

e 

18:3
0 

- - 00:15 
18:3

0 
3,8 

  

Sum 
450 - 

06:0

0 
- - - 

01:3

0 

01:5

5 

09:2

5 
- 

141,

4 

Minimum 15 - 00:15 - - - 00:40 00:55 00:15 - 3,8 

Maximum 210 - 02:50 - - - 00:50 00:55 04:25 - 70 

Average 

112,

5 
- 01:30 - - - 00:40 00:38 02:21 - 35,4 

 

Tab. 7 

Source data for route no. 3 in 2020 

 

ROUTE: STARE ŻUKOWICE – DĘBICA – KŁODNICA – TARNÓW – STARE ŻUKOWICE 
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1 
Stare Żukowice 

-Dębica 

Stare  

Żukowice 
24.03.2020 08:00 45 - 00:40 - Dębica 08:40 00:45 - 01:25 - 11 

2 
Dębica- 

Kłodnica 
Dębica 24.03.2020 09:25 210 20 02:50 - Kłodnica 12:15 00:50 00:45 04:25 - 77,8 

3 
Kłodnica- 

Tarnów 
Kłodnica 24.03.2020 15:00 180 18 02:25 - Tarnów 17:25 - 00:40 03:05 - 62 

4 
Tarnów-Stare 

Żukowice 
Tarnów 24.03.2020 18:05 15 - 00:20 - 

Stare 

Żukowice 
18:25 - - 00:20 18:25 4 

 

Sum 450 - 06:15 - - - 01:35 01:25 09:15 - 154,8 

Minimum 15 - 00:20 - - - 00:45 00:40 00:20 - 4 

Maximum 210 - 02:50 - - - 00:50 00:45 04:25 - 77,8 

Average 112,5 - 01:34 - - - 00:48 00:43 02:19 - 38,7 

 

 

4. RESULTS AND DISCUSSION 
 

Based on the analysis of the services provided in 2019-2020 at the company under study, the 

structure of the share of regular contractors among the total number of services provided was 

prepared. The data was analyzed to demonstrate the changes and their sources (Figure 6). 
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Fig. 6. Structure of share of regular contractors in the total number of services provided  

at the turn of 2019-2020 at the enterprise [18] 

 

In January and February 2019, the share of regular business partners in the total services 

provided was 38 and 40%, respectively. At the turn of February and March 2019, there was a 

sharp increase in the share by 46%. The change was caused by establishing cooperation with 

contractor no. 2, who became the main recipient of transport services. From March to June 

2019, a downward trend continued; as a result, in June, the share of regular business partners 

in total services provided was 40%, analogous to February. In July 2019, there was an increase 

in the share of regular contractors in the total number of services provided. This stemmed from 

the purchase of two new truck sets. Progressive growth was recorded till the end of 2019. At 

the turn of January and April 2020, there was a sharp decrease of 57%. April was at the lowest 

level having 28%. The existing permanent business partners – contractors no. 2 and 3 – limited 

the purchase of transport services. The decrease was recorded because of a reduced demand for 

external transport services and the activities of contractors to prevent disruption of the 

continuity of their own fleet. In the following months, there was an upward trend of up to 79% 

in August 2020. On the other hand, there was a sharp decline of 41% in September, and the 

negative situation continued until the end of 2020. Similarly, in the first half of the year, there 

was a decrease of 33% in December 2020; the value of the share of regular contractors in the 

total number of services provided was 33%. The issue of the company was poor customer 

diversification. To avoid sudden fluctuations caused by economic shifts and external factors, 

the transport company should expand its contractor base. 

Based on the analysis carried out in the aspect of the transport process on routes no. 1, 2 and 

3 in 2019-2020, Tables 8, 9, and 10 were prepared. There were differences in the key areas of 

the transport process regarding total fuel consumption, average fuel consumption, average 

speed during transport, total driving time, and total working time in 2019-2020. 

For route no. 1, the transport performance was at the level of 16 880 tkm. The cargo transport 

ratio was 90%, which proves that the vehicle traveled 770 km with load on the route of 860 km. 

In 2020, the total working time was extended by 1 h 25 min, that is, 9.8%, while the following 

increased: total fuel consumption by 7.1%, average fuel consumption with load by 12.1%, and 

empty fuel consumption by 7.1% (Table 8). 

Regarding route no. 2, it was noted that the cargo transport ratio was 93%. Transport with 

cargo was performed on a distance of 945 km, which translates into transport performance at 

the level of 17 975 tkm. In 2020, there were changes compared to the previous year. The 

differences illustrated a reduction of total working time of 3.6%, composed of driving time and 

loading activities. The reduction in the time needed for transport was caused by an increase in 
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the average speed by 3.4 km/h. Consequently, there was an increase in total fuel consumption 

by 7%, average fuel consumption with load by 6.9% and empty fuel consumption by 7% 

(Table 9). 

 

Tab. 8 

Results of analysis of route 1 
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1 

1 45 0 45 - 0 

90 

9,30 

30,28 

20,67 - 00:40 01:30 

77,4 79,6 63,4 

2 400 400 0 20 8000 125,00 - 31,25 05:00 06:00 

3 30 0 30 - 0 7,00 23,33 - 00:25 01:10 

4 370 370 0 24 8880 115,60 - 31,24 04:40 05:30 

5 15 0 15 - 0 3,50 23,33 - 00:20 00:20 

Sum 860 770 90 - 16880 260,40 22,4 31,2 11:05 14:30 

2
0
2
0
 

1 

1 45 0 45 - 0 

90 

11,30 

32,49 

25,11 - 00:40 01:50 

76,2 81,1 51,4 

2 400 400 0 20 8000 133,40 - 33,35 05:00 06:15 

3 30 0 30 - 0 7,50 25,00 - 00:40 01:50 

4 370 370 0 24 8880 123,40 - 33,35 04:30 05:35 

5 15 0 15 - 0 3,80 25,33 - 00:25 00:25 

Sum 860 770 90 - 16880 279,40 25,1 33,4 11:15 15:55 

 

Tab. 9 

Results of analysis of route 2 
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2 

1 15 - 15 - 0 

93 

3,60 

31,67 

24,00 - 00:20 00:50 

74,7 76,6 56 

2 470 470 - 15 7050 151,60 - 32,26 06:00 06:40 

3 25 - 25 - 0 6,00 24,00 - 00:25 01:05 

4 475 475 - 23 10925 153,20 - 32,25 06:20 07:05 

5 30 - 30 - 0 7,10 23,67 - 00:30 00:30 

Sum 1015 945 70 - 17975 321,50 23,89 32,25 13:35 16:10 
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2 

1 15 - 15 - 0 

93 

3,80 

33,88 

25,33 - 00:20 00:50 

78,1 80,4 56 

2 470 470 - 15 7050 162,00 - 34,47 05:45 06:15 

3 25 - 25 - 0 6,40 25,60 - 00:25 01:15 

4 475 475 - 23 10925 164,00 - 34,53 06:00 06:45 

5 30 - 30 - 0 7,70 25,67 - 00:30 00:30 

Sum 1015 945 70 - 17975 343,90 25,53 34,50 13:00 15:35 

 

Following the analysis of route no. 3, it was observed that the cargo transport ratio was 87%. 

This proves that transport work was performed at the level of 7 440 tkm on the section with a 

length of 390 km. In 2019, the driving time was 6 hours, while the total working time was 9 

hours 25 minutes. On the other hand, in 2020, there was a decrease in the total working time by 

1.8% and an extension of driving time by 4.1%. Hence, the total fuel consumption increased by 

9.5%, the average fuel consumption with a load by 1.3%, and empty fuel consumption by 10.6% 

(Table 10). 
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Tab. 10 

Results of analysis of route 3 
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3 

1 45 - 45 - 0 

87 

11,30 

31,42 

25,11 - 00:40 01:30 

75,0 76,7 65,5 

2 210 210 - 20 4200 70,00 - 33,33 02:50 04:25 

3 180 180 - 18 3240 56,30 - 31,28 02:15 03:15 

4 15 - 15 - 0 3,80 25,33 - 00:15 00:15 

Sum 450 390 60 - 7440 141,40 25,22 32,31 06:00 09:25 
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3 

1 45 - 45 - 0 

87 

11,00 

34,40 

24,44 - 00:40 01:25 

72,0 74,3 60 

2 210 210 - 20 4200 77,80 - 37,05 02:50 04:25 

3 180 180 - 18 3240 62,00 - 34,44 02:25 03:05 

4 15 - 15 - 0 4,00 26,67 - 00:20 00:20 

Sum 450 390 60 - 7440 154,80 25,56 35,75 06:15 09:15 

 

The driving time and the total working time on the routes oscillated around the base values 

from 2019. There was a substantial extension of the working time by 1 h 35 min on route no. 1, 

which was the reason for the extension of loading and unloading time by 1 h 15 min, driving 

time by 10 minutes, and pause while driving by 10 minutes. The increase in the time necessary 

for loading and unloading accelerated the process of cargo transport; at the same time, affecting 

the amount of fuel consumed because, in 2020, the total fuel consumption increased: on route 

no. 1 by 19 liters, on route no. 2 by 22.4 liters, on route no. 3 by 13.4 liters. 
 

 

5. THE CONCEPT OF IMPROVING THE TRANSPORT PROCESSES CONDUCTED 

AT THE ENTERPRISE 
 

The subject of the study is routes no. 1, 2 and 3 in the years 2019-2020 in a transport 

company. Two loads were carried on each route. 

Route no. 1: 

- the first one on the Pustków Osiedle – Wrocław route; 

- the second one on the Oleśnica – Tarnów route. 

Route no. 2: 

- the first one on the Tarnów – Sucha Górna route; 

- the second one on the Lubin – Dębica route. 

Route no. 3: 

- the first one on the Dębica – Kłodnica route; 

- the second one on the Kłodnica – Tarnów route. 

 

In 2020, the number and type of loads carried on the given routes remained unchanged 

compared to 2019. Following this research, the authors observed that the loading and unloading 

times may be shortened. The extended period of handling activities negatively affects the 

transport time, speed during transport, fuel consumption, and the generation of additional 

transport-related costs. The proposed improvement concept will permit the minimization of the 

time of loading operations, which provides the possibility of taking additional orders by cutting 

down the total time of transport. The following indicators were used in this research [5]: 

- transport time 
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    [min., hour.]h jh wht t t  (1) 

 

where: 

tjh – driving time on route h, that is, when the vehicle is constantly in motion,  

twh – waiting time for operational activities, for example, stop at traffic lights, loading and 

unloading. 

 

- operating speed 
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where: 

Lh – length of the road on line h,  

Tph – vehicle working time and all accompanying activities [hour]. 

 

- vehicle performance 
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 (3) 

 

where: 

Qh – transport work on route h, which is the product of the load transported on a given route 

and the route length. 

 

Based on the source data of routes no. 1, 2 and 3, in the years 2019-2020, there was an 

improvement using the following indicators: transport time, operational speed, and vehicle 

performance on the route (Table 11). 

 

Tab. 11 

Improvement of the implemented routes no. 1, 2 and 3 in 2019-2020 

 

Route Year 
Time of transport  

[h] 

Operational speed  

[km/h] 

Vehicle performance  

[tkm/h] 

1 
2019 14:30 59,31 1164,14 

2020 15:55 54,03 1060,52 

2 
2019 16:10 62,78 1111,80 

2020 15:35 65,13 1153,20 

3 
2019 09:25 47,78 790,20 

2020 09:15 48,65 804,60 
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In 2019, the time of loading activities related to the first load from Pustków Osiedle to 

Wrocław on route no. 1 was 1 h 50 min, while on route no. 2 from Oleśnica to Tarnów was 1 h 

35 min. With the first load, the time can be shortened by 10 minutes, and with the second load, 

the time can be shortened by 5 minutes. The travel time of route no. 1 in 2020 was extended by 

1 h 25 min; the delay was caused by an increase in the time necessary for loading activities by 

1 h 25 min. The increase in transport time resulted in additional fuel consumption of 19 liters 

compared to the previous year. Assuming the handling times from 2019, it is possible to shorten 

the loading and unloading process by 45 minutes for the first load from Pustków Osiedle to 

Wrocław, while for the second load from Oleśnica to Tarnów, 45 minutes can be gained. 

In 2019, the travel time of route no. 1 was 14 h 30 min. Because of the improvement, the 

loading time will be reduced by 15 minutes, which will translate into an increase in: operating 

speed by 1,04 km/h, vehicle performance by 20.26 tkm/h and the total transport time, which 

will be shortened by 15 minutes, ultimately amounting to 14 hours 15 minutes. Due to the 

progression on route no. 1 in 2020, the handling time of 4 h 40 min will be reduced by 

1 h 30 min, which will have a positive effect on the transport time, standing at 14 h 25 min. The 

reduced transport time will increase the operational speed by 5.62 km/h, while the vehicle 

performance will record progress at 110.08 tkm/h (Table 12). 

 

Tab. 12 

Improvement of route no. 1 in 2019-2020 
 

 
Route Year 

Time of transport 

[h] 

Operational speed 

[km/h] 

Vehicle performance 

[tkm/h] 

Before 

improvement 

1 

2019 14:30 59,31 1164,14 

2020 15:55 54,03 1060,52 

After  

improvement 

2019 14:15 60,35 1184,40 

2020 14:25 59,65 1170,60 

 

In 2019, the travel time of route no. 2 was 16 h 10 min. During this time, handling activities 

lasting 2 h 35 min were recorded. The loading time will be reduced – for the first load from 

Tarnów to Sucha Górna by 10 minutes, while for the second load from Lubin to Dębica, the 

loading and unloading time will be reduced by 5 minutes. In 2020, the loading process related 

to the first load on route no. 2 was 1 h 10 min, while for the second load from Lubin to Dębica, 

the cargo handling processes lasted 1 h 35 min. It is possible to reduce the loading time during 

the second load by 15 minutes. 

In 2019, the time needed to travel route no. 2 was a total of 16 h 10 min. Based on the 

improvement, the loading time will be reduced by 10 minutes for the first load from Tarnów to 

Sucha Górna, while for the second load from Lubin to Dębica, the time will be shortened by 5 

minutes. Improving the time of handling operations on the route will have a positive effect on 

the total time of cargo transport, reducing it by 15 minutes, which will translate into an increase 

in the operating speed on the route by 0.99 km/h and an increase in vehicle performance by 

17.52 tkm/h. Considering the improvement of route no. 2 in 2020, the loading time during the 

transport of the second cargo from Lubin to Dębica, amounting to 1 h 35 min, will be reduced 

to 1 h 20 min. Subsequently, there was a decrease in the time necessary to transport the cargo 

by 15 minutes, which will increase the operational speed by 0.35 km/h and increase the vehicle 

performance by 6.48 tkm/h (Table 13). 
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Tab. 13 

Improvement of route no. 2 in 2019-2020 
 

 

Route Year 
Time of transport 

[h] 

Operational speed 

[km/h] 

Vehicle performance 

[tkm/h] 

Before 

improvement 

2 

2019 16:10 62,78 1111,80 

2020 15:35 65,13 1153,20 

After 

improvement 

2019 15:55 63,77 1129,32 

2020 15:30 65,48 1159,68 

 

In 2019, the handling time on route no. 3 for the first load from Dębica to Kłodnica was 

1 h 45 min, while for the return cargo from Kłodnica to Tarnów, the loading process time was 

1 h 40 min. Due to the improvement, loading times will be shortened – for the first load by 

15 minutes, and the second load by 20 minutes. In 2020, the loading and unloading time during 

the transport of the first load to Kłodnica on route no. 3 was 1 h 30 min; for return cargo, loading 

operations were performed within 1 h 30 min. Because of the enhancement, the time of loading 

processes during the transport of the second load will be reduced by 10 minutes. 

The travel time on route no. 3 in 2019 was 9 h 25 min.  the improvement of the transport 

process, the time of loading operations will be reduced by 35 minutes. In effect, the total 

transport time will be reduced by 25 minutes, which will increase the operational speed of the 

vehicle on the route by 2.22 km/h and increase the vehicle performance by 36.47 tkm/h. 

In 2020, route no. 3 was covered in 9 h 15 min. By improving the route, the loading time will 

be reduced by 10 minutes. Accordingly, the total time of cargo transport will be 9 h 5 min, 

which will translate into an increase in operating speed by 0.89 km/h and an increase in vehicle 

performance by 14.48 tkm/h (Table 14). 

 

Tab. 14 

Improvement of route no. 3 in 2019-2020 
 

  

Route Year 
Time of transport 

[h] 

Operational speed 

[km/h] 

Vehicle performance 

[tkm/h] 

Before 

improvement 

3 

2019 09:25 47,78 790,20 

2020 09:15 48,65 804,60 

After 

improvement 

2019 09:00 50,00 826,67 

2020 09:05 49,54 819,08 

 

As a result of the improvement of the implemented processes, it is possible to enhance the 

total time of cargo transport on all routes in the years 2019-2020 at the studied transport 

company. In 2019, the reduction of loading times on route no. 1 will improve the transport time 

by 1.72%. For route no. 1, in 2020, the improvement will be at the level of 9.42%. Compared 

to the previous year, this will lead to over five times greater progress. Due to the reduction in 

handling times on route no. 2, in 2019 and 2020, the time needed for cargo transportation will 
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be shortened by 1.55 and 0.53%, respectively. On the other hand, in terms of streamlining the 

transport processes on route no. 3 in 2019-2020, it is possible to reduce the transport time in 

2019 by 25 minutes and in 2020 by 10 minutes. Reducing the time of handling operations by 

35 minutes will translate into an improvement in the time of transporting loads by 4.42%. 

In 2020, the improvement of the transport process by reducing the time of loading and 

unloading operations on route no. 3 will result in an enhancement of 1.80%. Summarily, 

the enhancement of the cargo transport process by reducing the time of loading operations will 

result in an improvement in the transport time on all routes, and consequently, the company 

will be able to accept additional loads (Figure 7). 

 

 
 

Fig. 7. Improvement of transport time on routes no. 1, 2 and 3 in 2019-2020  

at the company [18] 

 

Due to the improvement of transport processes on routes no. 1, 2 and 3 in 2019-2020, it is 

possible to shorten the times of loading operations. Hence, the operational speed of vehicles on 

the routes will increase. During the transport of cargo on route no. 1 in 2019, before the 

progression, the operating speed was 59.31 km/h, and the reduction in the time of handling 

operations will trigger progress by 1.75%, while in 2020, the increase will be 10.40%. Reducing 

the transport time by 15 minutes on route no. 2 in 2019 will increase the operational speed of 

the vehicle on the route to 63.77 km/h. Given more efficient loading operations on route no. 2, 

in 2020, the vehicle will increase its speed by 0.53%. Because of the improvement of the 

transport process, there was a positive effect on the increase in the vehicle’s operational speed 

on route no. 3 in 2019 by 4.42%, and in 2020 by 1.83% (Figure 8). 

Owing to the improvement of transport processes carried out on routes no. 1, 2 and 3 at the 

investigated company, it is possible to enhance the vehicle performance on each of the tested 

routes. Due to more efficient loading operations on route no. 1, in 2019, the vehicle performance 

will increase by 20.26 tkm/h, representing an increase of 1.74%. Regarding route no. 1, the 

most progression was recorded in 2020, amounting to 10.38%. On route no. 2, the vehicle 

realizing cargo transport will see an increase in productivity of 1.58% in 2019, which will result 

from the opportunity to reduce transport times, while in 2020, the performance will increase by 

0.56%. The vehicle performance on route no. 3 in 2019, amounting to 790.20 tkm/h, will 

increase by reducing the time of loading operations. Because of the progression, the vehicle 

performance will improve by 4.62%, while in 2020, it will increase from 804.60 to 

819.08tkm/h, representing an improvement of 1.80% (Figure 9). 
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Fig. 8. Improvement of operational speed on routes no. 1, 2 and 3 in the years 2019-2020 

 at the company [18] 

 

 
 

Fig. 9. Improvement of vehicle performance on routes no. 1, 2 and 3 in the years 2019-2020 

 at the investigated company [18] 

 

 

6. CONCLUSIONS 

 

The analysis of the recipients of transport services provided at the company under review 

revealed considerable deviations in the share of regular contractors in the total number of 

services provided at the turn of 2019 and 2020. The percentage share of business partners 

recorded the largest drops in the wake of December 2019 to April 2020 by 57% and from 

August to December 2020 by 46%. Extensive fluctuations were caused by a sharp reduction in 

the purchase of transport services by contractors no. 2 and 3. To avoid similar situations in the 

future, it is recommended that the surveyed transport company expands its contractor base. 

Based on this research on transport processes on a real object, the following operational 

parameters were analyzed: driving times, loading activities, pauses on sections, fuel 

consumption, transport work performed, and vehicle speeds. The analysis of the transport 

processes revealed that they can be improved. The improvement concept proposed by the 

authors allows for the minimization of the time of loading operations on routes related to a 

specific load. The loading times on routes no. 1, 2 and 3 in 2019-2020 will be reduced, namely 

cargo transport times will improve from 0.53% to 9.42%, which will translate into an increase 

in the operational speed of vehicles from 0.54 to 10.40% and an increase in vehicle performance 

from 0.56 to 10.38%. In effect, the total time of transporting cargo was reduced, which offers 

the possibility of accepting more orders. 

 



Strategy for the implementation of transport processes toward improving services 191. 

 

References 

 

1. Bokor Z., R. Markovits-Somogyi. 2015. „Improved cost management at small and 

medium sized road transport companies: case Hungary”. Promet-Traffic & 

Transportation 27(5): 417-428. DOI: https://doi.org/10.7307/ptt.v27i5.1719. 

2. Pandelis D.G., C.C. Karamatsoukis, E.G. Kyriakidis. 2013. „Finite and infinite- horizon 

single vehicle routing problems with a predefined customer sequence and pickup and 

delivery”. European Journal of Operational Research 231: 577-586. 

DOI: https://doi.org/10.1016/j.ejor.2013.05.050. 

3. Elbert R., D. Thiel, D. Reinhardt. 2016. „Delivery Time Windows for Road Freight 

Carriers and Forwarders - Influence of Delivery Time Windows on the Costs of Road 

Transport Services”. Comercial Transport. Book Series: Lecture Notes in Logistics: 

255-274. DOI: https://doi.org/10.1007/978-3-319-21266-1_17. 

4. Jacyna M., M. Wasiak. 2015. „Costs of road transport depending on the type of 

vehicles”. Combustion Engines 162(3): 85-90. ISSN: 2300-9896. 

5. Kauf S., A. Tłuczak. 2016. Optymalizacja decyzji logistycznych. [In Polish: 

Optimization of logistics decisions]. Difin. Warsaw. ISBN: 978-83-8085-258-7. 

6. Krajnc J., K. Logožar, B. Korošec. 2012. „Activity- Based Management of Logistic 

Costs in a Manufacturing Company: A Case of Increased Visibility of Logistic Costs in 

a Slovenian Paper Manufacturing Company”. Promet-Traffic & Transportation 24(1): 

15-24. DOI: https://doi.org/10.7307/ptt.v24i1.265. 

7. Kot S. 2015. „Cost structure in relation to the size of road transport enterprises”. Promet 

-Traffic & Transportation 27(5): 387-394. DOI: https://doi.org/10.7307/ptt.v27i5.1687. 

8. Ardakani M.K., L. Sun. 2012. „Decremental algorithm for adaptive routing 

incorporating traveler information”. Computers & Operations Research 39: 3012-3020. 

DOI: https://doi.org/10.1016/j.cor.2012.03.006. 

9. Ghannadpour S.F., S. Noori, R. Tavakkoli-Moghaddam, K. Ghoseiri. 2014. „A multi- 

objective dynamic vehicle routing problem with fuzzy time windows: Model, solution 

and application”. Applied Soft Computing 14(C): 504-527. 

DOI: https://doi.org/10.1016/j.asoc.2013.08.015. 

10. Suzuki Y. 2012. „A decision support system of vehicle routing and refueling for motor 

carriers with time-sensitive demands”. Decision Support Systems 54(1): 758-767. 

DOI: https://doi.org/10.1016/j.dss.2012.09.004. 

11. Oliskevych M. 2019. „Dynamic scheduling of highway cargo transportation”. 

In Proceedings of the 1st International Scientific Conference ICCPT 2019 „Current 

Problems of Transport”: 141-151. Ternopil, Ukraine, 

DOI: https://doi.org/10.5281/zenodo.3387524. 

12. Yang Z., J.P. van Osta, B. van Veen, R. van Krevelen, R. van Klaveren, A. Stam, 

J. Kok, T. Bäck, M. Emmerich. 2017. „Dynamic vehicle routing with time windows in 

theory and practice”. Natural Computing 16(1): 119-134. 

DOI: https://doi.org/10.1007/s11047-016-9550-9. 

13. Caban J., P. Droździel, L. Krzywonos, I. Rybicka, B. Šarkan, J. Vrábel. 2019. 

„Statistical analyses of selected maintenance parameters of vehicle of road transport 

companies”. Advances in Science and Technology Research Journal 13(1): 1-13. 

DOI: https://doi.org/10.12913/22998624/92106. 

  



192 Z. Łukasik, A. Kuśmińska-Fijałkowska, S. Olszańska 

 

14. Neumann T. 2017. „Fuzzy Routing Algorithm in Telematics Transportation Systems”, 

Part of the Communications in Computer and Information Science. Presented at the 17th 

International Conference Transport Systems Telematics Conference TST 2017: Smart 

Solutions in Today’s Transport: 494-505. Springer International Publishing, Katowice‐
Ustroń. DOI: https://doi.org/10.1007/978-3-319-66251-0_40. 

15. Simanová Ľ., R. Stasiak-Betlejewska. 2019. „Monitoring and Improvement of Logistic 

Processes in Enterprises of the Slovak Republic”. LOGI – Scientific Journal on 

Transport and Logistics 10(1): 62-71. DOI: https://doi.org/10.2478/logi-2019-0007. 

16. Pečený L., P. Meško, R. Kampf, J. Gašparík. 2020. „Optimisation in Transport and 

Logistic Processes”. Transportation Research Procedia 44: 15-22. 

DOI: https://doi.org/10.1016/j.trpro.2020.02.003. 

17. Zubkov V. 2022. „Detailing the Impact Structure of the Participants of the Complex 

Transport Service“. In: Conference proceedings: Technological Advancements in 

Construction, Part of the Lecture Notes in Civil Engineering book series, 180: 225-234. 

DOI: https://doi.org/10.1007/978-3-030-83917-8_21. 

18. Study of the chair „Analysis and organization of transport processes in the transport 

company Bar-Trans at the turn of 2019-2020”. University of Information Technology 

and Management in Rzeszow, Rzeszów 2022. 

19. Liu Z., Y. Wu, T. Liu, X. Wang, W. Li, Y. Yin, X. Xiao. 2021. „Double path 

optimization of transport of industrial hazardous waste based on green supply chain 

management”. Sustainability 13(9)5215: 1-19. 

DOI: https://doi.org/10.3390/su13095215. 

20. Gharehgozli A., H. de Vries, S. Decrauw. 2019. „The role of standardisation in 

European intermodal transportation”. Maritime Business Review 4(2): 151-168. 

ISSN: 2397-3757. DOI: https://doi.org/10.1108/MABR-09-2018-0038. 

21. Kordel Z. 2019. Polski transport samochodowy ładunków. [In Polish: Polish road 

transport of cargo]. CeDeWu Sp.z o.o. Warszawa. ISBN: 978-83-8102-283-5. 

22. Rybicka I., P. Droździel, O. Stopka, V. Ľupták. 2018. „Methodology to propose a 

regional transport organization within specific integrated transport system: A case 

study”. Transport Problems 13(4): 115-125. DOI: 10.20858/tp.2018.13.4.11. 

23. Kong Y., B. Tian, Q. Wang, D. Liu, Y. Gao, C. Li, Y. Zhang. 2021. „Construction of 

the Optimization Model of Cargo Transport Network”. 7th International Conference on 

Energy Materials and Environment Engineering ICEMEE 2021. E3S Web Conf. 

No 03013(261): 1-4. DOI: https://doi.org/10.1051/e3sconf/202126103013. 

24. Memon M.A., A. Shaikh, A. Sulaiman, A. Alghamdi, M. Alrizq, B. Archimède. 2021. 

„Time and quantity based hybrid consolidation algorithms for reduced cost products 

delivery”. Computers, Materials and Continua 69(1): 409-432. 

DOI: https://doi.org/10.32604/cmc.2021.017653. 

25. Pasza J., M.A. Dulebenets, M. Kavoosi, O.F. Abioye, H. Wang, W. Guo. 2020. 

„An Optimization Model and Solution Algorithms for the Vehicle Routing Problem 

with a “Factory-in-a-Box” “. IEEE Access 8: 134743-134763. 

DOI: https://doi.org/10.1109/ACCESS.2020.3010176. 

 

 

Received 15.10.2022; accepted in revised form 17.12.2022 

 

 



Strategy for the implementation of transport processes toward improving services 193. 

 

 
Scientific Journal of Silesian University of Technology. Series Transport is licensed under 

a Creative Commons Attribution 4.0 International License 


