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Abstract The article discusses issues related to planning of supply chains with use of simulation
technology. In the era of well developed information technology companies are constantly looking for
new solutions to improve the organization of supply chains. It is interesting that by using
the specialized computer software, such as simulation, it is possible to create a tool to support
decision making in the field of supply chain organization. The paper presents a simulation model
supporting the design of supply chains for the chosen variant of coordination of transport processes.
The model, which shows the cooperation between enterprises, was created on the map of Poland.
In order to create the best representation of reality, a number of random variables are reflected
inthe simulation, i.e. the speed of the transport, changing weather conditions (eg. hail, blizzards,
torrential downpours), the probability of an accident or failure of the means of transport. Using
thecreated simulation tool can show the financial benefits of the partnership for the defined routes.
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1. INTRODUCTION
Designing supply chains, even within a specific group of companies is a difficult
and complex process. Number of articles describes the complexity of sup-ply chain
and management them (Caddy & Helou, 2007), (Hashemi, Butcher & Chetri, 2013).
Supply chains are evaluated for their effectiveness, which consists of a number of elements as described in (Lichocik & Sadowski, 2013). One of the solutions to improve
the situation of the company is the configuration of the current supply chain, which
a company participates in. Decisions made within the supply chain configuration are
described in (Kawa, 2011). Another option is to coordinate the transport processes
in the virtual supply chains using specialized computer software, such as simulation
(Terzi & Cavalieri, 2004), (Arshinder, Kanda & Deshmukh, 2008).
By creating a simulation tool to support a supply chain for a specific group of companies, the benefits of the chosen forms of cooperation have been shown. The simulation model contains of a number of random variables in order to make the best
representation of reality, such as the speed of the transport. The main pieces of information obtained using this model are: time to cover the various sections taking into
consideration the different types of disturbances (e.g., traffic congestion, accidents),
the fuel consumption depending on the speed the means of transport move at, and
the amount of harmful products generated according to the defined emission class for
the transport. The model includes the variability of the defined elements affecting
the time and cost of the process.

2. MODELS OF COORDINATION OF TRANSPORT PROCESSES
The transport planning of either finished products or raw materials is usually
aimed at cutting costs. Currently, frequent and small supplies are popular, yet they
contribute to a continuous increase in the cost of transport. In addition, they cause
the growth in the number of vehicles realizing supplies leading to the increase in traffic congestion and lengthening the delivery times (Hajdul, 2010). The use of information technology that enables a group of companies to communicate and consolidate
freight transport is a solution the will make it possible to reduce the number of transports by means of increasing the filling of vehicles. In fact, the increase in the fulfillment of the means of transport reduces the unit cost oftransport (known as economies
of scale). The solution that makes it possible forcompanies to reduce the cost of transportation may be to create virtual supply chains. A group of companies analyzed based
on several factors, including business location, directions of ongoing transports, frequency and volume of transport, could work together to combine freight transport.
Of course, this is not a closed group - it can be extended with new companies interested
in this service. A virtual supply chain would be monitored by a person, who would
connect the corresponding transport freight by analyzing demands of the compa-
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nies. The cooperation between companies in terms of transport would be determined on the basis of a few pre-defined variants of transport process coordination.
According K. Grzybowska, a coordination in the supply chain provides the following benefits: effective response to competition and customer demand, (2) reducing the
bull whip effect, (3) the integration of the three flows occurring in the supply chain
(material, information and financial flows) (Grzybowska, 2011), (Grzybowska, 2013).
The possible options for the coordination of transport processes in the virtual
supply chains are as follows: (1) Consolidation of the deliveries to common cities or on
shared routes (Fig. 1), in order to increase the degree of load space and / or capacity of
the means of transport. It should be defined what area belongs to a region, e.g. an area
within 25 km radius, (2) elimination of the cycles of vehicles without any cargo,
so called "empty miles" (Fig. 2)., It should be defined what area belongs to a region,
e.g. an area within 25 km radius, (3) a combination of the two options above.

Fig. 1 Coordination of a supply chain; Source: own study based on the materials of ILiM

Fig. 2 Elimination of cycles of vehicles without cargo; Source: own study based on the
materials of ILiM
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Fig. 3 Chosen variant of supply chain coordination; Source: own study based on the
materials of ILiM

For each of the coordination models several variants of cooperation can be
defined. The simulation model was created for one of them – taking into account
the consolidation of a supply chain including the join of transports, in case both
companies (loading points) are in the defined region, e.g. an area within 25 km radius
Also, the unloading points should be located within a certain distance (Fig. 3).
Other models of coordination are presented in (Hoffa, 2013).

3. SIMULATION MODEL
3.1. The definition of the problem, assumptions
The simulation model was built for the chosen variant of coordination of transport
processes in the virtual supply chains. In order to show the benefits of the cooperation
between companies according to the selected option, a model of the common route and
two individual routes was created. Therefore, it was possible to demonstrate the benefits of the cooperation (e.g. reducing costs through the shared participation and increasing the filling capacity of the vehicle). For the purposes of the work, three routes
that are shown in Table 1 were created.
Table 1 The planned route of delivery
Type of route

Loading point

Zip code

Unloading
point

Zip
code

Distance
[km]

Individual route

Komorniki

62-052

Łódź

93-001

209

Individual route

Tarnowo Podgórne
Tarnowo Podgórne,
Komorniki,

62-080

Pabianice
Łódź,
Pabianice

95-200

253

Common route

261
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In order to best reflect the actual conditions of the analyzed process, it was decided to include a number of variables that affect the time and cost of covering
the route. The time of the analyzed process is influenced by the following factors:
• the type of road – national road or highway,
• traffic congestion,
• road traffic accidents (the so called “black spots”),
• weather conditions – sudden bad weather, such as hail, storm, snowstorm,
• failure of the means of transport,
• the time of payment at toll booths – when using highways, toll booths
should be considered as well as the amount of charges (which affects
the costs involved).
Analyzing the planned supply chain draws attention to the cost aspect of
covering a section of route. In case of the planned routes, the following factors
should be taken into consideration:
• charges incurred for using the motorway A2, section (Komorniki - Konin)
managed by Autostrada Wielkopolska (Autostrada Wielkopolska - pricelist,
2013)
• charges incurred for using the motorway A2, section (Konin - Emilia node)
managed by GDDKiA (viaTOLL, 2013)
• fuel costs.
The simulation model takes into account the amount of emissions
depending on the adopted Euro class (NGK Spark Plug Europe, 2013). The engine
exhaust gas contains harmful products such as carbon monoxide (CO),
hydrocarbons (HC) and nitrogen oxides (NOx).
When creating the simulation model, a number of variables were included in order
to to best reflect the actual conditions of the analyzed process. These variables are
defined using different probability distributions. The examples of defined variables are
as follows:
• the speed of the means of transport, depending on the type of road, they are
moving on (Table 2),
Table 2 The speed of the means of transport
Mean
[kph]

Stddev
[kph]

Min
[kph]

Max
[kph]

The speed of transport means - national road

70

3

60

70

The speed of transport means - highway

80

3

70

80

•

the probability of an accident at a specific point and stop time in the place
of an accident (Table 3),
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Table 3 Road accidents
Place

Probability of [%]

Łódź

10

•

Stop time
Mean [h]

Stddev [h]

Min [h]

Max [h]

1

0.5

0.25

10

a failure of the transport (in the simulation it is defined by determining the
time between failures and the time needed to repair the damage (Table 4)).

Table 4 A failure of the means of transport
Mean [h]

Stddev [h]

Min [h]

Max [h]

The time between failures

40

10

10

100

Repair time

1

0.5

0.5

4

The simulation model was created in the FlexSim software. “FlexSim is the most
powerful tool for modeling, analyzing, visualizing, and optimizing any imaginable
process - from manufacturing to supply chains, abstract examples to real world systems, and anything in between” (Flexsim, 2013). FlexSim Software Product
was founded in 1993 by Bill Nordgren, Roger Hullinger and Cliff King. FlexSim is
a modern tool that sets the standard in the forefront of software for discrete event simulation. FlexSim offers three types of software: the general version, in which every conceivable process can be modeled, version FlexSim CT, which can simulate and analyze
operations in the container terminal and the version FlexSim Healthcare – a tool
for modeling the complexities of healthcare management.

3.2. The simulation experiment
Simulation helps to understand the functioning of a given process and system,
and it allows you to quickly define the optimal solutions with minimal risk of error
(Beaverstock, Greenwood, Lavery & Nordgren, 2011). In order to obtain answers
to the questions related to the course of supply chain planning process, a number
of simulation experiments was made. In each of the experiments some parameters
were changed, which allowed the demonstration of impact of individual factors
on the course of the process. Information about individual simulation experiments
is presented in Table 5.
After each simulation experiment, the obtained data was analyzed, including:
• time to cover each section of the route and the total time of covering the route,
• the cost of the route, depending on the speed of means of transport,
• emission values depending on the length of the route traveled, and the defined emission class for the means of transport.
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Table 5 Summary of information about each of the simulation experiments
No simulation
experiment
I

II

III

IV

V*

VI**

Loading/
unloading time

Type of
emission

Other included variables

Euro 5

Probability of an accident,
Changing weather conditions,
Probability of congestion,

Euro 4

Probability of an accident,
Changing weather conditions,
Probability of congestion,

Euro 3

Probability of an accident,
Changing weather conditions,
Probability of congestion,

Euro 5

Probability of an accident,
Changing weather conditions,
Probability of congestion,

variable

Euro 5

Probability of an accident,
Changing weather conditions,
Probability of congestion,

variable

Euro 5

Probability of an accident,
Changing weather conditions,
Probability of congestion,

variable

variable

variable

constant

*each route repeated 5 times
** each route repeated 100 times

The present article shows only the results achieved for the first experiment.
Other results are described in the thesis (Hoffa, 2013).

Fig. 4 Experiment I – the total, Source: own study
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The bar graph (Fig. 4) shows the total time of covering individual routes,
i.e. the time from the start of loading until the return of the transport to the starting
point (this time also includes the time of unloading). The next chart (Fig. 5) shows
the times for the specific types of transport that are included in the total time.

Fig. 5 Experiment I – specific times time of each route , Source: own study

The data obtained for the total cost of travel for each route are shown in Table 6. It also contains detailed cost data including three types of the incurred costs.
Table 6 Cost results for each route
Route

The total cost of
travel [PLN]

The cost of consumed
fuel [PLN]

Additional charges
- AW [PLN]

Tool fee
[PLN]

Route 1

1012,51

737,24

252,00

23,27

Route 2

958,51

832,51

126,00

0,00

Common
route

1182,44

906,25

252,00

24,19

Comparing the cost of travel for each individual route to the cost of covering
the common route (split in half due to the two parties involved) indicates the savings

resulting from the consolidation of supply (Table 7).
Table 7 Savings
Route

Savings [%]

Route 1

41,61

Route 2

38,32
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The generated volume of individual harmful products for each of the route is
shown in the bar graph (Fig. 6). The defined emission class is Euro 5.

Fig. 6 Exhaust gas emission; Source: own study

4. CONCLUSION
The created simulation model can be applied as a decision support system
in the field of supply chain planning for specific routes. The model enables the analysis
of the effects of decisions without interfering with the actual system. This approach
significantly reduces the risk related with making changes. With use of this model
it is possible to obtain significant information, such as the time needed to cover particular sections, taking into account different types of disturbances (e.g. traffic congestion,
accidents), the fuel consumption, depending on the speed of means of transport and
the amount of harmful products generated according to the accepted emission class
for the means of transport. The model takes into account the variability of the defined
elements affecting the time and cost of the whole process.
By expanding the model by another route and variants of cooperation between
enterprises it is possible to obtain a good tool for the cost-benefit analysis for individual companies depending on the accepted form of cooperation.
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