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Abstract: Transportation of goods with vehicles is a complex logistic process about organization and management of 
companies that deal with transport and trade. Aim of this work is to present methodology of optimal planning and 
organization of transportation of goods in order to minimize expenses of distribution and transportation with heavy 
vehicles that follow predetermined travel routes. For this purpose has been studied and analyzed a case of Local 
Company that transports final products of liquid material – beer in period of 6 months, starting the distribution from 
production facility – factory to the 3 distant warehouses-distribution centers. The distribution is done based on 
customer requirements. The data of survey is based on long time measurements and information gathering, in 
cooperation with the company. Data of various parameters or indicators that are considered influential are collected. 
These parameters are: travel distances between distribution center, transportation velocities, time of travel, volume of 
goods transported, time of materials handling –loading and unloading, costs of process, etc. Results of these 
parameters will be presented graphically and Table form. 
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1. INTRODUCTION 
evelopment of technology and the advancement of 
transportation vehicles have increased volume of carried 
goods, cooperation between companies, fulfilled 

requirements of consumers as well as communication between 
people. These trends have put lot of challenges and demands 
to the logistic companies to offer better, faster, efficient and 
safer services. Therefore, their focus and requirement is to find 
best methodology of making this possible with purchase of 
better vehicles, selection of best routes, minimizing times, 
reducing costs and optimizing the process of distribution 
based on various conditions that exist in the market – 
domestic and international. The aim of transportation is not 
only reduction of costs and increase of speed of transportation, 
but also accomplishment, simplification and economical 
organization of transportation cycles in entire transportation 
path from producer-manufacturer to consumer [2], [5]. 

This study provides a information, definition and system 
architecture, participants and the bottlenecks of transport 
system of the beverages. Study also provides information on 
the current and future movement of goods, and the necessary 
actions to facilitate this movement. [4]. The distribution of 
goods at the malls by means of transport vehicles is a problem 
of organizing the work of production and trading companies, 
part of logistics and freight transport. It requires a good 
planning of travel routes, good organization of warehouses, 
good organization of vehicle fleet, qualified personnel, as well 
as good knowledge for calculation of expenses. [1], [10],[12] 
 

2. INPUT PARAMETERS OF TRANSPORT 
Based on measurements accomplished in the field, in local 

company, distribution is monitored and recorder for the 
period of 6 months. During this period is organized carrying 

of goods from the production facility of beer to three 
warehouses with same volume of load (cargo) carried. 
Transportation is done with 8 heavy transportation vehicles 
with carrying capacity of q = 24 tons (t) (Fig.2). Garage of 
vehicle fleet is situated in distance 25 km from production 
facility (Fig.1). Based on Table 1 and Figure 1, meaning of 
graph symbols is: G –garage; A – Production facility; B, C, D – 
warehouses. Other parameters are: Q (t) – Carried cargo in 
tons, γ - Static coefficient of vehicle utilization. Dotted routes 
means routes not used. 

 
Table 1. Input parameters of directions, distances and volume of 

goods transported 
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Figure 1. Graph of vehicle travel routes based on measurements and 

data collection in the field 
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Figure.2. Type of transportation vehicle-truck used for analysis 

 
3. CALCULATION OF PARAMETERS FOR 
VEHICLES FLEET  

Based on calculation of collected data necessary for usage 
of vehicles fleet, starting from necessary number of cycles for 
carrying goods, transport routes, various operational times, 
average speeds, number of possible routes during exploitation 
time, necessary number of vehicles, vehicle fleet days, vehicle 
fleet hours, and other characteristic parameters during the 
exploitation of vehicle fleet, calculations are processed for each 
coefficient and gained to results presented in Table 2 [1],[3]. 
Data represents average values gained, based on numerous 
measurements and counting’s in the field [7]:  

 

 
Table 2. Values and formulas of influential parameters 

3.1. Work productivity of vehicle fleet - WQ and WU 

 
Work productivity is accomplished transport operation or 

the quantity of goods carried, accordingly the number of 
passengers carried by the working time unit (working hours). 
Based on this definition work productivity can be expressed 
through t/h (ton per hour) or tkm/h (ton kilometer per hour), 
which also known as Travel work productivity.  

The formula for calculating the work productivity 
expressed in t / h is [2], [7]: 
 

WQ =
𝑄𝑄

24∙𝐴𝐴𝐴𝐴𝐴𝐴
 (t/hi)   (1) 

The formula for calculating the travel work 
productivity expressed in tkm/h is [2], [7]: 
 

WU =
𝑈𝑈

24∙𝐴𝐴𝐴𝐴𝐴𝐴
 (tkm/hi)    (2)  

In Table 3 are presented values of work productivity 
calculated by the formula: 
 

 WQ = 𝛼𝛼∙𝜌𝜌∙γ∙𝑞𝑞
𝐾𝐾𝐾𝐾𝐾𝐾 𝜆𝜆
𝛽𝛽 ∙𝑉𝑉𝐾𝐾 +𝐾𝐾𝑡𝑡𝜆𝜆

    (t/hi)                                (3) 

 
3.1.1. Calculation and analysis of Work Productivity - 
WQ 
 

First parameter to be analyzed is Work Productivity WQ. 
Results gained from formula (3) are shown in Table 2. For each 
influential parameter (or exploitation coefficient) we have 
appropriated 6 input values based from result gained and 
measurements in practice, and these values are implemented 
for calculation of WQ, based in formula (3). Results are given in 
Table.3. Values of parameters in bold are values shown in 
Table.2, and other values are appropriated from experience 
and measurements in the field. 

 
Table 3. Values of work productivity WQ (t/h) in relation with 

various coefficients of exploitation of vehicles fleet  

Results of gained coefficients gives a clearer view of where 
to make a change during the planning of the transport of 
goods in order to have the cost of transportation as less as 
possible [6]. 

In Figure 3 is given diagram of variation of Total 
Productivity - WQ for each exploitation coefficient, based on 
Table 3, and curves are given based on the trend of these 
values.  
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In horizontal axes are given 6 values of each exploitation 
coefficient, and in vertical axes are results of WQ. Dotted line 
A-A represents average value of total productivity WQ (t/h), as 
given in Table.2. Based on Graphs in Figure.3 can be 
concluded: 

a) Higher Exploitation coefficient of vehicles fleet (α) gives 
higher work productivity WQ expressed in t / h , 

b) Higher  Exploitation coefficient of travel distance (ß) gives 
higher work productivity WQ,  

c) Exploitation coefficient of vehicles fleet day (ρ) can be 
increased, if lost hours of work can decreased. This will 
lead to improved transportation processes, 

d) If Static coefficient of vehicle utilization (γ) can be 
increased, work productivity WQ can further increase, 

e) Higher Useful carrying capacity of vehicle (q) gives higher 
work productivity WQ,  

f) During transportation, with higher average travel speed 
(Vs) will result in higher work productivity WQ,  

g) Higher Average transportation distance with cargo (Kstλ) 
will result in higher useful carry of vehicle,  

h) Lost times during travel with cargo (tdλ) are in negative 
relation with productivity. Higher lost time decrease the 
work productivity WQ. 
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Figure 3. Diagram of Total productivity WQ in relation with 
exploitation coefficients of vehicles fleet 

 
Values 5 and 6 of exploitation coefficients give best results 

for WQ. This concludes that transportation of cargo with this 
type of trucks (Q = 24 tons) should aim to these values for 
optimal transportation results. 

Based on the calculations obtained, optimal value of Total 
productivity is WQ = 0.97 (t/h) shown with broken lines of axis 
A-A (Fig.5) [2], [9]. 

3.1.2. Calculation and analysis of Work Productivity – 
WU 

In Table 4 are presented values of travel work productivity 
Wu calculated by the formula:  

 WU = 𝛼𝛼∙𝜌𝜌∙𝜀𝜀∙𝑞𝑞
1

𝛽𝛽 ∙𝑉𝑉𝐾𝐾+
𝐾𝐾𝑡𝑡 𝜆𝜆
𝐾𝐾𝐾𝐾𝐾𝐾 𝜆𝜆

  (tkm/hi)     (4) 

Based on Formula (4) and methodology of analysis given 
above for WQ, in Table.4 are given results of WU (tkm/hi), in 
relation with each exploitation coefficient. For analysis 
purposes are appropriated also 6 values for each parameter. 
Results in Table.4 give us a clearer view of where we need to 
make a change when planning the transport of cargo in order 
to have the costs of transportation as less as possible. [11] 

 

 
Table 4. Values of travel work productivity WU (tkm/h) in relation 

with exploitation coefficients of vehicles fleet 
 

In Fig.4 are given diagrams of variation of Total Productivity 
– WU, also based on results in Table 4, for 6 values of each of 8 
exploitation coefficients, and curves are given based on the 
trend of these values. 
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Figure 4. Diagram of various values of Total productivity WU in 

relation with exploitation coefficients of vehicles fleet 
 

Similar to conclusions in paragraph 3.1.1 and based on 
results in Table 4 and Figure 7, values 5 and 6 of parameters 
gives best results for WU. This concludes that transportation of 
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cargo with this type of trucks (Q = 24 tons) should aim to these 
values for optimal transportation results.  

Based on calculations and graphs, the broken lines of axis 
A-A (Fig.7) is the average value of results of parameters. This 
is the optimal value of the Total Productivity WU. It’s value is 
WU = 70.5 tkm/h [2], [9]. 

3.2. Price of cargo transportation per ton - 𝜗𝜗𝑄𝑄 
 
The formula for calculating the transportation price of the 
goods per ton 𝜗𝜗𝑄𝑄  is [2],[6]: 
 

   𝜗𝜗𝑄𝑄 = 1
𝛾𝛾∙ 𝑞𝑞

� 𝜗𝜗𝐾𝐾∙𝐾𝐾𝐾𝐾𝐾𝐾𝜆𝜆
𝛼𝛼∙ 𝜌𝜌∙ 𝛽𝛽∙𝑉𝑉𝐾𝐾  

+ 𝜗𝜗𝐾𝐾∙𝐾𝐾𝑡𝑡𝜆𝜆
𝛼𝛼∙ 𝜌𝜌

+ 𝜗𝜗𝑝𝑝 ∙𝐾𝐾𝐾𝐾𝐾𝐾𝜆𝜆
𝛽𝛽

�          (€/t) 

Coefficients in the formula are: 

𝜗𝜗𝐾𝐾 = 29.68  (€/hi) - Cost in € per inventory hours 

𝜗𝜗𝑝𝑝 = 3.46 (€ 𝑘𝑘𝑘𝑘⁄ ) - Cost in € per kilometer 

So far we have calculated influential indicators of the 
exploitation of the vehicles fleet. It is important that these 
results are also accounted for as a financial indicator, in which 
case we will see the possibility of economy in the case of 
transport of goods with the aim to reduce the cost as much as 
possible, and that the price of the goods is as small as possible, 
since it will have an effect on the final price of the goods when 
selling to the consumer. 

In the six presented cases above, from the preliminary 
calculations for each coefficient of utilization of vehicles fleet, 
we separately obtained various results, and from the 
information we have achieved (from the transportation 
company), price of costs per inventory hour υs and the cost 
price per kilometer υp, we made the calculation based on 
formula (5). Results obtained are presented in Table 5, where 
we can see the value of the price for transported goods per ton 
υQ. 

Table 5 shows the results of cost price (euro) for the 
transport of goods per ton (€ / t), based on the calculation by 
the formula (5), depending on the different values of the 
indicators - the coefficients of the exploitation of the vehicle 
fleet. 

 

 
Table 5. Price per ton of transported cargo, depending on different 
values of the indicators - the coefficients of the exploitation of the 

vehicle fleet  
 

In Fig. 5 is given the diagram of price per ton of transported 
cargo – υQ (€/t) for 6 values of each influential indicator- 

coefficients of the exploitation, also based on results in Table 5, 
and curves are given based on the trend of these values. 

According to results shown in Graphs of Fig.5, dotted line 
A-A represents average value of Price per ton of transported 
cargo - υQ , as given in Table.5.  

Based on Table 5, Graphs in Fig.5 and methodology of 
analysis for υQ (€/t), best results of υQ are gained for values 4, 
and above 5 and 6 of coefficients of the exploitation. 

In horizontal axes are given 6 values of each coefficient of 
the exploitation, and in vertical axe are results of υQ. Based on 
the calculations obtained, optimal value is υQ = 57.5 (€/t), 
shown with broken line of axis A-A. 
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Figure 5. Variations of price per ton of transported cargo depending 
on on the change of the indicators of the exploitation of the vehicle 

fleet 𝜗𝜗𝑄𝑄  
 

3.3. Price of cargo transportation per kilometer - 𝜗𝜗𝐴𝐴𝐾𝐾  

The formula for calculating the transportation price of the 
goods per kilometer is [2], [6]:     

            𝜗𝜗𝐴𝐴𝐾𝐾 = 
𝜗𝜗𝐾𝐾
𝛼𝛼∙𝜌𝜌

� 1
 𝑉𝑉𝐾𝐾  

+ 𝐾𝐾𝑡𝑡𝜆𝜆 ∙𝛽𝛽
𝐾𝐾𝐾𝐾𝐾𝐾𝜆𝜆

� +𝜗𝜗𝑝𝑝                 (6) 

Another indicator when examining the best use of the 
vehicles fleet is the finding of the price per kilometer of the trip 
𝜗𝜗𝐴𝐴𝐾𝐾which is required by the transport service providers to be 
as small as possible, and it has an impact on the final product 
price which is offered to the customer. 

Based on this, there are achieved many calculations and 
measurements in the field of the exploitation of the vehicles 
fleet provided by transportation providers. Therefore, based on 
what was said before, from the total of 6 reviewed cases, the 
values we have gained are used for the calculations based on 
formula (6).  
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By changing the values of vehicle utilization indicators we 
gain different values of 𝜗𝜗𝐴𝐴𝐾𝐾which enables us, after comparison 
and analysis, to choose methods - routes which will be more 
cost-effective. After calculations, the values obtained are 
presented in in tabular form in Table 6 and by diagram in 
Figure 6. 

 
Table 6.  Variations of price per kilometer of transported cargo 

depending on the change of the indicators of the exploitation of the 
vehicle fleet 

 
In Fig.6 is given a diagram of of price per ton of 

transported cargo – υAK (€/km) as a summary of results 
presented in Table.6, for 6 values of each coefficient of the 
exploitation. In horizontal axes are given 6 values of each 
influential parameter, and in vertical axe are results of υAK. 
Based on the calculations obtained, optimal value is υQ ≈ 7 
(€/km), shown with broken line of axis A-A. 
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Figure 6. Variations of price per km of transported cargo depending 
on the change of the coefficients of exploitation of the vehicle fleet -  

𝜗𝜗𝐴𝐴𝐾𝐾 . 
 

4. CALCULATION OF TRANSPORTATION 
COSTS 

  
One of the many tasks of logistics is the calculation of 

transportation costs for the goods or travelers to be 
transported. This preliminary calculation based on the results 
obtained from the various characteristic indicators of the 

exploitation of the vehicle fleet enables us to have a more 
realistic view of the costs of transportation, and whether it is 
the optimal choice methodology or should be changed. 

Based on the data obtained, results of calculations of the 
realized income per unit of transport can be achieved 
according to the formula [2], [7], [9]: 

 𝑃𝑃 = 𝜗𝜗𝐾𝐾 ∙ 24 ∙ 𝐴𝐴𝐴𝐴𝐴𝐴 + 𝜗𝜗𝑝𝑝 ∙ 𝐴𝐴𝐾𝐾  (€)  (7) 

After replacing the respective values, results of the income 
are: 

𝑃𝑃 = 29.68 ∙ 24 ∙ 1098 + 3.46 ∙ 222082 = 1,550,531.08 (€) (8) 

Based on this, calculations of data per unit of work can be 
done. This is obtained by calculating the ratio between the 
revenue and the indicator of the use of the vehicle fleet. Based 
on the following data can be presented the characteristic data 
depending on the indicator of the exploitation of the vehicle 
fleet expressed per unit of work in monetary value in Euro (€). 
Parameters (indicators) expressed in Euro (€) are: 

• Inventory days expressed in Euro (€) - represents the ratio 
between the revenue and inventory days of the vehicle 
fleet. This is calculated according to the formula [2],[9]:      

                        𝜗𝜗𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑃𝑃
𝐴𝐴𝐴𝐴𝐴𝐴

     (9) 

• Work days expressed in Euro (€) – Represents the ratio 
between income and days capable of work of the vehicle 
fleet:                                      

                        𝜗𝜗𝐴𝐴𝐴𝐴𝑟𝑟 = 𝑃𝑃
𝐴𝐴𝐴𝐴𝑟𝑟

                (10) 

• Kilometers per travel times expressed in Euro (€) - 
represents the ratio between the revenue and the total 
vehicle fleet route: 
 

𝜗𝜗𝐴𝐴𝐾𝐾 = 𝑃𝑃
𝐴𝐴𝐾𝐾

                               (11) 

• Kilometers per travel with cargo expressed in Euros (€) - 
represents the ratio between the revenue and the total 
vehicle fleet route with cargo. This is calculated according 
to the formula: 

                  𝜗𝜗𝐴𝐴𝐾𝐾𝐾𝐾 = 𝑃𝑃
𝐴𝐴𝐾𝐾𝐾𝐾

               (12) 

• Tons per carried cargo expressed in Euro (€) - represents 
the ratio between the incomes and the entire load carried: 
 

  𝜗𝜗𝑄𝑄 = 𝑃𝑃
𝑄𝑄

                                         (13) 

• Tons per kilometer expressed in Euro (€) - represents the 
ratio between the income and the realized cargo transport 
work of the vehicle fleet: 
 

                     𝜗𝜗𝑈𝑈 = 𝑃𝑃
𝑈𝑈

              (14) 
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• Inventory hours expressed in Euro (€) - represents the ratio 
between the revenue and the inventory hours of the vehicle 
fleet. 

 

                𝜗𝜗𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑃𝑃
𝐴𝐴𝐴𝐴𝐴𝐴

             (15) 

• Work hours expressed in Euro (€) - represents the ratio 
between the revenue and the work hours of the vehicle 
fleet. 

          𝜗𝜗𝐴𝐴𝐴𝐴𝑟𝑟 = 𝑃𝑃
𝐴𝐴𝐴𝐴𝑟𝑟

              (16) 

Based on the values obtained from the preliminary 
calculations, according to the respective formulas, can be 
obtained values of price of revenues of transportation service 
per work unit that are presented in the Table 7 below. 

 
Table 7. Price of revenue for work unit 

5. CONCLUSIONS 
The case studied in this work deals with transport of goods 

from the production facility to three distribution centers. 
Authors have presented results for main influencing 
parameters of transport of beverages with heavy 
transportation vehicles. From results of selected parameters 
can be made analysis and give conclusions for optimization 
and improvement of transportation process of beverages 
depending on number of routes and number of vehicles in use. 
From the calculations shown in this work can be concluded 
that there is space for improvement of the transportation 
process in order to reduce costs. 

Based on results, there is importance for increase of these 
parameters: 

- Exploitation coefficient of vehicles fleet α = 0.5683 is low. 
This means that not all vehicles are used daily for 
transportation of goods. It should be increased. 

- Exploitation coefficient of travel distance β = 0.4912 is 
low. It is possible to increase it by loading trucks during return 
trip.  

- Exploitation coefficient of work time δ = 0.5051 can 
increase with shortening the time of loading and unloading of 
trucks, and time of road travel.  

- Static coefficient of vehicle utilization γ=0.701 and 
Dynamic coefficient of vehicle utilization ε=0.706 can be 
increased for 10%. These coefficient means that vehicle is not 
loaded with its full loading space and capacity. 

In the graphs presented in the work are shown which 
values of exploitation coefficients for each case should be 
selected in order to achieve optimal result of transportation of 
goods and optimal results of transportation costs. 

This process can be reviewed by the offered methodology 
of the transport company, as this company is contracted by the 
Beer Factory. It should find transport methods in order to 
reduce the price of the supply for transport and thus influence 
in the formation of the best final price of this product. This is 
also the demand of the brewing factory. 

Based on Conclusion about the necessity of increase of 
exploitation coefficients as influential parameters mentioned 
above, it is possible that transportation costs can be reduced, 
which could give positive effects in decrease of the price of 
beer delivered to final consumer. 

This work can be extended also for bigger companies that 
have larger number of trucks and higher volume of goods 
transportation. 

As a future work can considered the possibility of 
analyzing transportation of canned food and packed food 
based on parameters analyzed in this work.  
 
NOMENCLATURE 
Other parameters from Table1 and Table 2, are: 
 

Q (t) – Carried cargo in tons, 
Q – Carried cargo in kg, 
γ - Static coefficient of vehicle utilization, 
Ai – number of inventory vehicles of the vehicle fleet, 
Di – number of inventory days or calendar days of one 
inventory transportation unit in the vehicle fleet system 
or its subsystems, 
Ar – number of vehicles in work, 
Dr – number of working days , 
AKt-  road traveled by all loaded trucks , 
AKp- road traveled by all trucks without load, 
AKn - null kilometers, 
q – useful carrying capacity of vehicle, 
𝑧𝑧𝜆𝜆𝐴𝐴𝐴𝐴����   - Route A – B, number of turns for carrying load (goods) 
𝑧𝑧𝜆𝜆𝐴𝐴𝐵𝐵���� - Route B – C, number of turns for carrying load (goods), 
𝑧𝑧𝜆𝜆𝐴𝐴𝐴𝐴���� - Route B - D number of turns for carrying load (goods), 
Q′AB���� – Volume of goods carried in the route A-B, 
Q′BC���� – Volume of goods carried in the route B – C, 
Q′BD���� - Volume of goods carried in the route B – D, 
AKn -  nullti road traveled during one travel period , 
AK -  Total travelled road during one travel period, 
AHw – Time (vehicle hours) spent in motion by all vehicles 
(trucks), 
AHr -  Work time for all vehicles (trucks), 
𝐴𝐴𝐾𝐾𝐾𝐾-  Total travelled road of trucks with load, 
𝐴𝐴𝑧𝑧𝜆𝜆 -  number of accomplished routes with load, 
L – distance traveled, 
T0I, T0II, T0III – Time of travel cycle for transportation roads I, II 
or III, 
zλI, zλII, zλII – number of possible turns for transportation of 
goods in transportation roads I, II or III, 
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npI, npII, npIII – number of turn backs in garage during travel 
work of vehicles , 
Vst – average speeds of loaded vehicle, 
Vsp – average speeds of empty vehicle,  
LGA, LAB, LGD, LBG, LDB – distance of particular routes. 
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