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Abstract

In this paper, we will present the examination of the city logistics
system of shopping malls in Budapest. We will introduce the
mathematical model of its cost structure which can help us
to evaluate this complex system from a financial point of view.
The data, we collected earlier, made it possible to simulate the
physical processes of the current logistics system and to compare
them with innovative new systems as well. However, in case of
The
mathematical modelling was based on the observed processes of

any new systems it is essential to compare the costs too.

three shopping malls in Budapest. We added this cost structure to
the simulation model to make the simulation of costs possible, so
now we have a tool which can help us comprehensively examine
the current logistic system of the shopping malls in Budapest as
well as a consolidation based proposed solution.
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1 Introduction

In2015 we started to examine the logistics system of shopping
malls in Budapest with the city logistics research group of
the Department of Material Handling and Logistics Systems
at the Budapest University of Technology and Economics.
There was no available data about the city logistics systems
of shopping malls, despite the fact, that based on data from
the Central Statistical Office in 2015 there were 32405 retailers
in Budapest (Hungarian Central Statistical Office, 2015) and
approximately 3000 of them could be found in 18 shopping
malls across the city. This means that 10% of all retailers in the
city are concentrated into 18 exact points. This concentration
means significant savings potential, but we did not possess the
data and information to make improvements possible.

First, we developed a standard research methodology
which made it possible to examine the logistic characteristics
of the shopping malls, because if we would like to examine
the performances and costs in a system (for example, to use
activity based costing principles), we need to understand and
describe the processes and the activities of the examined supply
chain (Grzybowska and Kovacs, 2016). This methodology has
an exploratory part and a descriptive part which consisted of
a complex questionnaire containing questions about every
logistic process of the shops (Mészaros et al., 2016). With use
of this methodology we examined 327 shops from 3 shopping
malls in Budapest, so we were able to gather insights from
more than 10% of all shopping mall-based shops in Budapest
(Mészaros et al., 2017). The results of the examinations
showed us, that the surveyed shops deliver in small vehicles
small quantity of goods with high frequency. The deliveries
are usually during the rush hour in the morning and during the
opening hour of shops. Because of the several problems we
found in the system, it is worth to consider new city logistics
solutions, therefore we started to model the current system's
processes. We developed a mesoscopic simulation model in
MS Excel which allows us to compare the logistic processes of
the current logistics system of the shopping malls in Budapest
(the current system can be seen on Fig. 1) and a proposed
alternative solution (which can be seen on Fig. 2), where the
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suppliers deliver to a consolidation center, from where we can
serve the shopping malls of the city (Sardi and Bona, 2017).
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Fig. 1 The present logistics system of the shopping malls in Budapest
(Sardi and Bona, 2017)
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Fig. 2 Possible future logistics system of the shopping malls in Budapest
(Sardi and Bona, 2017)

So, now the model can examine the basic parameters
of the supply transactions of shopping malls, such as
emission, performances and stocks, thereby quantifying the
characteristics of the current system and the new system with
the consolidation center. However, if we would like to improve
a system, it is essential to examine the associated costs too,
because without them one could hardly make an informed
decision as to which system is preferable. For this reason, it is
necessary to build the cost structure of the examined system
and add it to the simulation model with the specific costs, so
we are able to have a clear picture of the logistics costs of the
current and proposed future systems.

2 Costs in city logistics

After our previous projects, now we know the physical
parameters of the logistics system for more than 300 shops,
but we do not know the specific cost parameters because that
is often considered sensitive information by the shops. Another
problem is that the companies do not measure the logistic
and other accompanying performances (for example the
delivery performance), even though it is essential to know the
performance parameters to provide quality logistics services
(Bokor, 2006). While measuring the specific costs, it is hard to
define the logistics performances exactly, because there are no
exact borders between the processes, it is difficult to separate
them. For instance, an employee can take part in several
different processes. In the past, with unique products the direct
costs were measurable, but as a result of the complexity brought
about by globalized trade this has significantly changed.
Logistics systems are becoming more and more complex, so we
need to examine increasingly complex networks, just like in the
current case, where we analyse a highly multifaceted complex
city logistics system. In these kinds of systems, it is extremely
challenging to measure the performances (Duma, 2008).

Operational and logistics controlling could be a solution for the
problem of measurement of performances and costs, but for them
we need up to date information, which is missing in several cases
(Sliwezynski, 2011). Lots of companies in the logistics system of
shopping malls of Budapest do not use an own ERP system, from
where they could download the required parameters. But, making
appropriate decisions in the city logistics systems requires these
information, and to know and analyse this information we need
the controlling methodologies. When we decide, it is essential
to know the logistics costs and the efficiency indicators that
are calculated from the costs, but to know them we need the
controlling system (Bokor, 2006). Therefore, it is also important
to develop the mesoscopic simulation model to simulate the costs
in this system and not only the physical parameters.

Naturally, we reviewed the existing special cost models
in transportation, in logistics and even in city logistics, but
the costs of this special urban logistics system have not been
modelled yet. Researchers developed calculation models
in transportation (Bokor, 2011) and also in logistics. They
adapted the methodologies from transportation into logistics
systems (Griful-Miquela, 2001), examined the logistics cost
drivers (Bokor, 2010), developed the cost calculation model of
logistics providers, and also have a big role in the currently
examined city logistics system (Bokor, 2012).

The city logistics research group of the Department of
Material Handling and Logistics Systems conducted important
researches about the costs in city logistics and was able to
develop a complex city logistics cost model according to a
multiple-stage gateway concept (Bakos et al., 2012) while they
even examined special city logistical system concepts with
urban distribution centers based on the costs (Bakos, 2013).

Cost Structure of Shopping Malls Logistics System

2018 46 3 143



However, we need a cost model that describes the examined
special city logistics system in a way that it can be adapted to
the mesoscopic simulation model we developed.

3 Mathematical modelling of the cost structure

We are going to present the cost structure of the logistics
system of the shopping malls in Budapest in a three-dimensional
structure, where the three dimensions are the cost centers
(junctions and routes in the network), the participants (the
companies in the logistics system) and the processes of the
logistics system. So, the items of the three-dimensional matrix
will show us the costs of a given company in a given process at a
given cost center. This gives us a mutually exclusive, collectively
exhaustive structure, in other words if we summarize these
items for the companies by processes and cost centers, it shows
us the sum logistics costs of the given company in the system. If
we summarize the whole matrix, it shows us the sum cost of the
logistics system of the shopping malls.

In this paper, we present a simple linear cost structure, but
this is only the first stage of the examination of the costs in this
system. This structure helps us to review the breakdown of costs
into specific ones, and the hierarchy of the specific costs is clear
in this structure. In the next chapters, we are going to present the
companies, the processes and the cost centers of the examined
logistics system; based on them we are going to draw up the three-
dimensional cost structure and present the mathematical model
behind it for the current and examined new logistics system too.

3.1 Companies in the system

There are many participants in this complex system. We
can differentiate suppliers (in some cases they are logistics
provider companies), transporters (logistics providers, small
packet companies or possibly be the same company as the
supplier), the shop operators (it can be the same company as
the supplier or the transporter), the shopping mall operators
(they also operate the logistics areas). Also — only in the case
of the earlier presented new system — the city logistics provider
companies, who operate the consolidation center and the cross
docks in the shopping malls, and also handle the deliveries and
the material handling tasks.

However, the companies that participate in this complex
system, are not necessarily shown in the mathematical model.
For example, the costs (also the logistics costs) of the shopping
mall operators are paid by shop operators via the shop rent fee.
The other factor is that the participants are paying also to each
other, for example the shop operators pay the logistics costs
of the suppliers. In the model, the costs must be showed at the
particular company that makes the payment, be it a rent fee or a
service fee etc., and this company is always the shop operator in
this system. This means that in our cost structure the companies
are always the shop operators, because ultimately, they pay
every logistics cost that are generated by their supplies.

3.2 Processes in the system

In this system, the processes can be classified into five groups:
loading processes, transport processes, storage processes (the
three groups of the classic logistics processes), intralogistics
operation and administration processes. Naturally, not every
process exists at every participant company, so zero costs are
also possible in some points in this cost structure.

3.2.1 Loading

First process group is loading. The subgroups are loading
and unloading at the suppliers, in the logistics areas (cross
docks in the new system) and in the consolidation center only
in the new system.

3.2.2 Transport

Second process group is transport. In this group, every
process can be FTL (full truck load) or LTL (less than truck load)
organized. In the model, we have deliveries between suppliers
and shopping malls in the current system, and deliveries between
suppliers and the consolidation center and between the center
and cross docks of the malls in the new system. Naturally, we
have inverse deliveries (delivery of empties, return goods and
service transports) between the shopping malls and suppliers
in the new system, between malls and the consolidation center
and between the center and suppliers in the new system.

3.2.3 Storage

Third process group is storage. Storage processes are present
at the suppliers (in the supplier sites), in the consolidation center
(only in the new system), temporary storage at the logistics
area (cross docks in the new system) of the shopping mall, and
in the shops (or in warehouses associated with the shops).

3.2.4 Intralogistics operation

Fourth process group is intralogistics operation. We have
material handling between the logistics areas of shopping
malls (cross docks in the new system) and the shops (or related
warehouse), material handling between warehouses of the
shops and shopping areas of the shops, other storage material
handlings at the suppliers, in the consolidation center (only in
the new system), at the logistics areas of the shopping malls
(cross docks in the new system) and in the shops, picking at the
suppliers, in the consolidation center (only in the new system)
and consolidation in the consolidation center in the new system.

3.2.5 Administration

Last process group is administration. Administration tasks
are present at the suppliers, in the consolidation center (only
in the new system), at the logistics areas of the shopping malls
(cross docks in the new system) and in the shops.
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3.3 Cost centers in the system

One of the most important task in the mathematical
modelling is to appropriately define the cost centers. First, we
tried to work only with junctions, but there are several costs
that cannot be assigned to a junction, like the deliveries or the
material handling between the logistics areas of the malls and
the shops. Therefore, we worked with a graph which shows
us every cost center. So, the axis of cost centers in the three-
dimensional matrix is actually the mapping of a graph with the
junctions and connections (roads and material handling routes).
This graph for the current logistics system of the shopping
malls in Budapest can be seen on Fig. 3.
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Fig. 3 Graph of the cost centers in the current logistics system

of shopping malls

In this graph, we can see every connection as cost centers,
but logically there are many of them, where the sum cost is
zero, because we do not deliver from every supplier to every
logistics area nor do we need to use every internal route in the
shopping malls or move goods from every logistics area to
every shop. So, the cost centers of the current logistics system:

- nsupplier site

- n-k possible delivery route

-k logistics area in the shopping mall (k is usually

between 1 and 5)

- k'm possible internal material handling route in the

shopping mall

- m shop in the shopping mall (m is usually between 50

and 350).

In the examined system, a company can own many supplier
sites, they can use many different delivery routes and they can
operate many shops in one shopping mall. So, at one company
we can have costs at several different supplier sites, on different
delivery routes and in different shops.

The graph of the cost centers in case of the earlier presented
new logistics system can be seen on Fig. 4.
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Fig. 4 Graph of the cost centers in the possible future logistics system
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In the graph, the connections are defined in the same way as
in the current system. So, the cost centers of the new logistics
system are the following:

- nsupplier site

- n possible delivery route between the suppliers and the

consolidation center

- consolidation center (in the current study we only have

one center, because that is how the simulation model is
set up, but naturally this can be changed later)

-k possible delivery route between the consolidation

center and the shopping mall

-k cross dock in the shopping mall

- k'm possible internal material handling route in the

shopping mall

- m shop in the shopping mall.

3.4 Three-dimensional cost structure

So, we defined the three dimensions, according to which we
are going to analyse the costs: companies, processes and cost
centers. The three-dimensional cost structure of the current and
the presented new system are illustrated on Fig. 5 and Fig. 6.
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Fig. 5 Three-dimensional cost structure in the current logistics system

Cost Structure of Shopping Malls Logistics System

2018 46 3 145



swors | CENTERS

INTERNAL _ |

ROUTES '+

CrROSS T

DOCKS 1.

DELIVERY _ |

ROUTES T

cc 1L

DELIVERY ...

ROUTES |

SUPPLIERS n
] COMPANIES
L [E»l= p=

Fig. 6 Three-dimensional cost structure in the possible future logistics system

As an example, on Fig. 7, we can see the storage costs of the

"i"

shop operator company "i" in a given shopping mall logistics

area, indicated with green.
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Fig. 7 The cost of a given company in a given cost center in a given process,

in the current logistics system

We can see, that the items of the three-dimensional matrix
show us the costs of a given company in a given process at a
given cost center. This structure covers every possible logistics
cost (which are related to the supply system of the shopping
malls) of the given companies.

3.5 Mathematical formulation

Next step was the mathematical modelling of the cost
structure. We formulated the costs by processes. The logic of
indexing is the following: first index is always the ID of the
processes (L, T, S, I, A), second one is the ID of the companies
(in the next formulas we can present the costs of company "i")
and the third index is the ID of cost center (in the next formulas
we present the costs at cost center "j"). The formulas below are
valid for the current and for the new logistics system as well.

3.5.1 Loading costs

First one is the loading cost. This one has two main
components: the loading and the unloading costs in every
case. "Q" is the quantity of goods to be loaded or unloaded (in
weight unit), "c" is the specific loading cost (monetary unit/
weight unit). We have loading costs in the supplier sites, in the
consolidation center, in the shopping mall and in the shops (and
also in the related warehouses). The loading cost of company

Hi" nan,

at cost center "j":

L L
C . =c

L L L
ij up; ; : Qupu + cdown,_l : Qdown,v, :

(1
The sum loading cost of company "i" at "N" cost center
they can use:

2

3.5.2 Transport costs

Next one is the transport cost which is present only on
the delivery routes. It has two main components, the driving
performance-based and the time-based component. The driving
performance-based cost has four components: drop-off fee,
cost of the loaded tour, cost of the unloaded tour and cost of
the invert tour. "N" is the number of delivery transactions, "S"
is the distance covered in the given tour (in distance unit), ¢ is
the specific cost (monetary unit/number of tours and monetary
unit/distance unit). The driving performance-based transport

on the delivery route "j":

Hi‘l

cost of company

C, =N/

T T T T T T T
Dis ij (cuut,»b + Cload,»_, : Sluadw + cunl,v] ’ SunI‘J + cinv». : Sinv“j )

In the time-based transport cost, we can see the "c" time-
nen

based specific cost (monetary unit/time unit), the "v'" average

speed and the "t " operational time (time unit). The time-based

on the delivery route "j":

Hi"

transport cost of company

T T T
Sload,vj + Sunl,_l + S )

inv; ;

T
Ly i ' 4 ’ VT +t0p,n,v,» . (4)
iJ

In case of FTL delivery logic, the sum transport cost of

nan

company "i

on the delivery route "j":

T _ AT T
Ci,j(FTL) - CF,FTL‘.', + Cx,FTL‘.', .

&)

In case of LTL delivery logic, the sum transport cost of

company "i"

on the delivery route "j":

Cl ) (©6)

_ AT T
= CF,LTL,-’/ + Ct,LTL,-’/ .
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The sum transport cost of company "i" on the "N" delivery
route they can use:

(N

3.5.3 Storage costs

Next are the storage costs. We can define storage costs at
the supplier sites, in the consolidation center (only in the new
system), in logistics areas of the shopping mall and in the
shops (and related warehouses). Storage costs have 5 main
components: store in costs, store out costs, storage costs,
working capital and order handling costs. In the formula below,
"Q" is the quantity of goods to be handled (in weight unit),
"c" is the specific cost of the given subprocess (monetary unit/
'

weight unit), "n" is the number of order transactions and "c_ '

is the specific costs of order handling (monetary unit/order).

nan,

at cost center "j":

Hi”

The sum storage cost of company

s _ S N N S N S
Ci,j _Cin, .Qin J +Caut,.] .Qout,v, +Cst .Qs

o i, ij lij

N S N N (8)

+Cﬂi)1 .Qstar,’j +cord,yj .ni,j‘

The sum storage cost of company "i" at "N" cost center
they can use:

(€))

3.5.4 Intralogistics operational costs

Fourth process group is the intralogistics operation. The
main components of the intralogistics operational costs are
the manual and machine assisted material handling, picking
and consolidation. We define intralogistics operation costs in
the supplier sites, in the consolidation center (only in the new
system), in the logistics areas of the shopping mall (cross dock
in the new system), on the internal routes of the malls and in the
shops (or associated warehouses). Picking is not defined in the
logistics area of the shopping mall and on the internal routes,
consolidation is only defined in the consolidation center. "T" is
the time needed for the given subprocess (in time unit), "c" is
the assigned specific cost (monetary unit/time unit). The sum

nn,

intralogistics operation cost of company "i" at cost center "j":

7 _ I s I s I s
Ci,j - chand,v, T;landw +Cmach,_] mach; ; cpick,_] pick; ;

(10)

1 7!

cons; ; cons; ;

The sum intralogistics operational cost of company "i" at
"N" cost center they can use:

(11)

3.5.5 Administration costs

Last process group is administration which is defined
everywhere except delivery routes and internal material
handling routes of the mall. Administration consist of goods
arriving, goods registration, invoicing etc. In the formula
below "N" is the number of administration tasks and "c" is the
assigned specific cost (in monetary unit/administration task).

nan nan,

The sum administration cost of company "i" at cost center "j":

A _ 4 4
c’ = -Nl.’j.

L]

(12)

The sum administration cost of company "i" at "N" cost
center they use:

(13)

So, we defined the costs in the logistics system of the
shopping malls. Based on this, the sum logistics cost of

company "i" at cost centers type "k" (for example the sum

logistic cost in the shops):
cl= > C

i 1i*
I=L,T,S,1,4

(14)
If we summarize them, the sum logistics cost of company "i"
in the logistics system of a given shopping mall:

(15)

So, the sum logistics cost of the logistics system of a given
shopping mall:
Cy=)C. (16)

Now, we defined the mathematic model of the cost structure
of the logistics system of shopping malls, which describes the
current and also the possible future system. If we add this model
to the mesoscopic simulation model we developed earlier, we
can simulate the respective costs of the current and proposed
systems allowing us to draw comparisons between them.

4 Numerical example

The mesoscopic simulation model which was developed n
MS Excel has two main components. The first one simulates
the processes of the current system, the second one the
possible future system with a consolidation center and cross
docks. The two components are similar, and they use identical
input data. The model calculates the time of delivery and
delivered quantity by use of random generators based on
the input data. Based on this it calculates the parameters of
the deliveries, consumption, emission and material handling
needed, it models the inventory points of the system and
calculates the number of deliveries needed in the new system
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Fig. 8 The cost-calculator worksheet of the simulation model

(Sardi and Bona, 2017). We added to this simulation model the
mathematical model of the cost structure. The cost calculator
worksheet of the simulation model can be seen on Fig. 8.

4.1 Specific costs

In our earlier research, we were not able to get information
about specific costs, we collected only performance data. We
detailed the problems of collection of cost data earlier in chapter
2, but we needed this data for the simulation to calculate the
logistics costs of the system. Because of this, we had to estimate
the specific costs. Estimation was based on the experience of
logistics specialists and also the documentations and bids of
former logistics projects. In the simulation, the specific costs of
the current system's processes and also the specific costs of the
processes which are handled by the shop operator companies
in the new system, were randomly generated between a lower
and an upper specific cost limit. In the new system, the specific
costs of the processes which are handled by the city logistics
provider (who operates the consolidation center and the cross
docks) were given as constants, in the model these costs
are paid by the shop operators as fixed cost to the logistics
provider. In the current research, we did not examine the costs
of picking, the inventory in the logistics area (or cross dock),
the shopping malls and the working capital, because we did
not have enough data about them. We handled the deliveries
in every case as FTL organized deliveries, because it was the
predominant method in the processes observed.

4.2 Simulation and results

Simulation was based on the data of 178 shops of 3 shopping
malls; these were the data series that have no important data
missing. Simulation runs were performed with 95% reliability
and 5% allowed error.

The first task was to validate the simulation models. We
compared the two modelled system based on the weight
of goods to be delivered. There is no significant difference
between the expected value of the weight, it is around 1350 t/
month in both case, the difference is only 2% which is due to
the small differences between the random generators. Based on
this, the two examined systems are well comparable.

The expected number of monthly delivery transactions (of
178 shops in 3 malls) in the current system is 3399 (standard
deviation 14). In contrast, in the new system there are 1343
deliveries (standard deviation 17) between the suppliers and
the consolidation center and there are 265 monthly deliveries
(standard deviation 6) between the center and the malls, so we
can reduce the sum number of deliveries by 53% in the new
system and the sum number of deliveries in the city by 92%.
The change of parameters of driving and delivery performance
can be seen on Fig. 9.

o 1229
120% ’ 112%
0,

oo 100% 100% 100% 100% 100% 100%
80%

62%
60% 55%

46%
40%
20%
6%

0% -

Delivery performance Mileage

(in the city, outside, sum) (in the city, outside, sum)

B Current system M Future system

Fig. 9 Delivery performance and mileage in the current system and in the
possible future system

In the simulation, cars were handled as petrol powered, lorries
and trucks as diesel powered (Hungarian Central Statistical
Office, 2014). The petrol consumption in the two systems is
similar (763 I/month, 876 1/month), but the diesel consumption
can be reduced by approximately 8000 1/month in the new system
(current: 18333 I/month, 7698 I/month), which is a significant
amount that also leads to substantial reduction of emission. Based
on the results of the simulation, the emission of the examined
pollutants (CO, CO,, HC,NO_, PM) can be reduced by more than
50% in every case by use of the new city logistics system which
uses a consolidation center and cross docks.

Taking all examined costs into account, the expected amount
of the sum logistics costs in the current system is 79.127.175
Ft/month (standard deviation 2.340.454 Ft). The largest chunk
is the costs of the delivery transactions, which makes up more
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than 75% of the total monthly costs. The costs in the supplier
sites and in the shops are also significant because of the loading
costs and storage costs.

In the new system the expected total of the aggregated
logistics costs is 58.918.832 Ft/month (standard deviation
1.272.727 Ft). The transport costs are significant here too,
but they are decreased by 27 million Ft/month. The second
biggest fraction here is the costs of the consolidation center, it
is approximately 9 million Ft/month. Other costs do not change
significantly in the new system, so the total monthly logistics
costs can be reduced by 20 million Ft, by use of a consolidation
center in case of 178 shops in 3 shopping malls. The costs in the
two systems can be seen on Fig. 10.
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Fig. 10 Monthly logistics costs in the current and in the future logistics
system of the shopping malls

These results show us that the proposed system leveraging
consolidation and cross docks could reduce the logistics costs
significantly. Now, we neglected some subprocesses, so their
costs might influence the results slightly, but we also did not
examine the external costs. We did not quantify the financial
effects that the reduction of loads on the city's roads, reduction
of noise pollution and reduction of emission mean. The costs
and macroeconomic effects of road (freight and also passenger)
transport are a very important area in EU and also in Hungary
(Torok and Torok 2014), there are several related researches
and hopefully our results can have an important role in this area.

Therefore, we can say that based on the results of our
simulation runs, this kind of new, multi-stage city logistics
system has substantial potential in terms of cost reduction.

5 Conclusion

Now, after the data collection and modelling, we have a
complex mesoscopic simulation model which makes it possible
to examine the logistics processes between the inventory point of
suppliers and the shops in the shopping malls by performance and
costs. Earlier we had no means to examine the costs in this model
as well, but now we are able to comprehensively examine the
entire logistics system of shopping malls in Budapest due to the
addition of the discussed cost structure to our simulation model.

The mathematical model of the cost structure was formulated
by process groups (loading, transport, storage, intralogistics
operation, administration) for the current logistics system and for
a new system with a consolidation center and cross docks.

We can say that the mathematical modelling and the simulation
modelling was an important step in our research project, but
there are several other tasks to be solved. It is important to add
the inverse logistics processes to the model. We would like to
perform sensitivity analysis to examine the change of specific
costs and we would like to perform the simulation using real
cost data. In this step, we developed a linear mathematical
model, but in the next steps we would like to examine also the
nonlinear connections between the performance and costs.

Our main result is now a tool which makes it possible to
compare the performances and the costs of the current and the
possible future logistics systems in shopping malls. In the next
years, this tool could have an important role in the planning
phase of new city logistics systems, by making it possible to
examine the costs of the new system before the realization and
this can serve as a basis for several important decisions.
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