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1. Introduction 

Nowadays, the importance of green considerations has led to a strong focus on the effi-

cient and environmentally friendly operation of urban transportation. Within urban transporta-

tion, urban freight transport is responsible for significant emissions and contributes to traffic 

congestions. Previous results suggest that consolidation-based schemes, where urban freight 

flows are consolidated, can solve this problem by requiring fewer delivery transactions. These 

solutions have been the subject of several studies. However, their major shortcoming is that 

they do not pay enough attention to where significant improvements can be made and which 

urban areas are the most worthwhile for new city logistics systems. In my dissertation, I fo-

cused on urban areas with a large number of delivery locations in a small area with significant 

delivery needs. In my thesis booklet, following the structure of my dissertation, I will first 

briefly describe my research topic and hypotheses, then present my new scientific results, the 

following research steps, and the practical applications.  

1.1. The actuality of the research topic 

Today, green considerations, reducing emissions, and improving urban transport are be-

coming increasingly important. Regarding these, it is also essential to address the develop-

ment of urban logistics systems, which play a key role in the efficient supply of cities and are 

responsible for significant emissions. Today, more than 50% of the world's population lives in 

urban areas, and this proportion is steadily increasing, which means that the demand for urban 

freight transport is growing [1], while the demand for home deliveries is also increasing [2]. 

The European Union has also set ambitious targets for greenhouse gas emissions in recent 

years [3]. These include, for example, carbon dioxide, for which transportation is responsible 

in a significant proportion [4]. Current climate targets aim to achieve climate neutrality by 

2050 [5], and this will require significant improvements in urban freight transport systems, 

both in terms of organization and technology. It will also be important to identify those urban 

areas where real development can be achieved. In my dissertation, I focused on those urban 

areas with a large number of delivery locations in a relatively small area, with a significant 

flow of customers and goods, which are considered to have high development potential and 

have received little attention in the literature. 

Previous research on city logistics has shown that consolidation centers [6] [7] and con-

solidation-based city logistics systems, where suppliers deliver goods to the consolidation 

center and from there to the delivery locations through so-called "cross docks", and consoli-

date goods from multiple suppliers play a significant role in increasing the efficiency of urban 

logistics systems. Consolidation has the important advantage of improving the current low 

utilization [8] of vehicles in city logistics systems. These benefits have been demonstrated in 

several cities. In Bristol, a consolidation center located at the city border serves stores in the 

city center shopping area and has reduced the number of delivery transactions by 72% [9] 

[10]. In Padova and Lucca, solutions similar to Bristol's are in operation to serve old town 

areas [11] [12]. In Nijmegen, serving a city center shopping area in a consolidated way has 

reduced the mileage by 32% [13]. In Saint Etienne, an urban rail freight service has achieved 

positive results in serving a supermarket [14], and in Utrecht and Paris, waterborne freight 
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systems have been successful [15] [16] [17]. The consolidation-based system at Heathrow 

International Airport has reduced the number of delivery transactions by 70% [18]. Similar 

systems have been operating in Budapest in the last century [19] [20]. The results of these 

projects show that in cases where a significant number of delivery locations are concentrated 

in a small area, significant savings can be achieved by using consolidation-based city logistics 

systems. However, the literature does not pay much attention to such concentrations of deliv-

ery demands, with only a few articles explicitly addressing such areas, and these only exam-

ined some parts of the systems [21] [22] [23] [24]. 

1.2. Research objectives 

The experience of existing city logistics systems shows considerable potential for de-

velopment in urban zones where delivery locations are concentrated and where there is a sig-

nificant flow of goods. Nevertheless, city logistics research does not systematically treat 

them, nor does it provide a city logistics-based clustering of the delivery locations which are 

concentrated (later defined as concentrated sets of delivery locations) into categories that 

would facilitate developments. Based on these, I formulated the following hypotheses for my 

research: 

1. Based on previous research results, experience from existing city logistics systems, 

and pilot projects, consolidation-based solutions can significantly improve the city 

logistics systems in urban areas with a large number of delivery locations in a small 

area, i.e., where the delivery and customer needs are concentrated. It is assumed that 

the concentration of such areas is significantly different from the concentration of 

other urban areas and that a city logistics clustering of urban delivery locations is 

necessary to identify these urban areas. 

2. I hypothesize that in the case of concentrated sets of delivery locations, the introduc-

tion of consolidation-based city logistics systems can reduce the number of delivery 

transactions, thereby reducing throughput the fuel consumption and emissions, and 

that the reduction can even affect logistics costs, despite a possible increase in opera-

tional logistics costs. 

3. I assume that in the case of concentrated sets of delivery locations, the network struc-

ture can be used to design a city logistics system in which two- or three-track zero-

emission light goods vehicles, e.g., cargo bikes, can be efficiently used in combina-

tion with conventional freight transport technologies. 

4. I assume that the concentration of urban areas influences the city logistics develop-

ment level of urban areas and the city logistics development potential, and that there 

is a correlation between them.  
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2. New scientific results 

In this section of my thesis, I first introduce the term urban concentrated sets of delivery 

locations (CSDLs), then I present the application of a new consolidation-based concept to the 

city logistics system of the CSDLs, and the application of cargo bikes based on the geomet-

rical structure of the city logistics system, and finally, I summarize the relationship between 

the urban logistics development of urban areas and the level of concentration. 

2.1. Introduction of the concept of the urban concentrated sets of deliv-

ery locations 

To introduce the new grouping of urban delivery locations and the term concentrated 

sets of delivery locations, I first examined the example of Budapest. In the case of the capital 

of Hungary, I defined the characteristics of the clusters of delivery locations that could be 

interpreted as a city logistic unit and for which I had data of sufficient quality. I worked with 

data from 35 shopping malls, 15 markets, the "Váci utca" shopping area, and 12 hypermar-

kets. To analyze their characteristics, I introduced the degree of concentration (DoC), which is 

calculated according to equation (1) below (where NSH is the number of stores in the exam-

ined area and Aarea is the size of the examined area), and which indicates the degree of con-

centration of the delivery locations in a given area, and thus the concentration of demand for 

goods transport: 

(1) DoC =  
NSH

Aarea
[

stores

km2 ] 

Then, based on data from the Hungarian Central Statistical Office [25] [26], I examined 

the current number of stores in and determined the average degree of concentration in Buda-

pest: 

(2) DoCBudapest =  
NSH(Budapest)

Aarea(Budapest)
=

25073 stores

525 km2 = 47,75
stores

km2  

This shows that the average degree of concentration of the stores in Budapest is 47.75 

stores/km2, i.e., almost 50 stores per km2. For comparison, I have similarly included the aver-

age degree of concentration of Budapest shopping malls, Budapest markets, the "Váci utca" 

shopping area, and Budapest hypermarkets, as shown in Table 1. It can be seen that the values 

are significantly higher than the Budapest average, indicating that it is essential from a city 

logistics perspective to handle these clusters of delivery locations separately. 

Table 1: Average degree of concentration of CSDLs in Budapest 

 Sum num-

ber of stores 

Sum floor area 

[km2] 

The average degree of con-

centration [stores/km2] 

Shopping malls (35) 3326 0,70 4762,0 

Markets, market halls (15) 1328 0,11 12365,0 

“Váci utca” shopping area 353 0,44 804,1 

Hypermarkets (12) 148 0,22 688,2 
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Next, I examined what proportion of the delivery location clusters under investigation 

represent the total number of stores in Budapest. The results of my analyses show that 20.6% 

of Budapest's total stores are located within the clusters. In comparison, they cover only 0.3% 

of the total urban area, a 74-fold difference between the two, again suggesting that it is worth 

introducing a city logistics-based clustering approach to address the significant differences in 

concentration between different urban areas, thus facilitating related city logistics develop-

ments. Further data from Hungary [27] [28] [29] [30] [31], as well as from Austria [32], in-

cluding the example of Vienna [33] [34], have confirmed this trend. Considering the results 

presented above, as well as the research findings and the target areas of city logistics projects, 

I introduced a new grouping for clustering and analyzing urban delivery locations, as shown 

in Figure 1 below. 

 

Figure 1: New clustering of the urban delivery locations 

As it can be seen in the figure, urban delivery locations have been divided into two main 

groups: single delivery locations and concentrated sets of delivery locations, where several 

single delivery locations are handled together in some way because they are concentrated in a 

relatively small area, with a high concentration of demands and customer traffic. Within the 

latter, there are two types of concentration: CSDLs defined by open infrastructure and CSDLs 

defined by closed infrastructure, where the sets are organized differently. An open infrastruc-

ture CSDL is an area where the limits of the CSDL are not defined by a building but are sur-

rounded by roads or squares, i.e., the road infrastructure defines the area and unifies the deliv-

ery locations within it, for example, a shopping area or a shopping street surrounded by streets 

or an open-air market defined by a square. A closed infrastructure CSDL can be defined as 

any building or building-like infrastructure that combines single delivery locations into a con-

centrated set, i.e., a building defines the boundaries of the set and unifies the delivery loca-

tions within it, such as a shopping mall, a hypermarket, or a market hall. 

This clustering from a city logistics point of view is a novelty, a new scientific result, as 

it allows us to look at urban needs from a new perspective, allowing us to distinguish areas 

where significant savings can be achieved in the case of city logistics developments, laying 

the foundations for a new basis for the development of urban logistics systems. 
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Thesis 1: Concentration of urban delivery locations results in a concentration of customer and 

delivery needs in a small area, which can facilitate consolidation-based city logistics devel-

opments, but no clustering was previously available to allow for the precise identification and 

classification of concentrated delivery locations according to the nature of the concentration. 

To solve this problem, a new clustering of urban delivery locations was developed, based on 

city logistics aspects, and corresponding to the infrastructural classification of the urban struc-

ture. 

The following publications are related to Thesis 1. 

Own publications related to Thesis 1: [EN7] [EN9] [HU2] 

To carry out further steps of the research, such as the development of reorganized city 

logistics concepts, their modeling, and simulation, a complex data collection methodology for 

the analysis of the CSDLs was developed. This has overcome the problem that without avail-

able data, it is impossible to model these city logistics systems or carry out any meaningful 

research in this area. 

The methodology consists of complex exploratory research (expert interviews, observa-

tions, processing of available documentation) and a questionnaire covering all logistics-

related topics, complemented by constructing a city logistics topological model for CSDLs 

with open infrastructure. Between 2015 and 2020, 1,239 stores were visited through a ques-

tionnaire survey, of which 627 (50.6%) completed the questionnaire, of which 344 (54.9%) 

stores' data could be used in the subsequent modeling. 

The results of the questionnaire survey confirmed the previous assumptions that the 

supply of goods to the stores of urban concentrated sets of delivery locations is not coordinat-

ed in the current system, that the delivery locations mostly organize themselves their deliver-

ies, and that they deliver goods in small, non-standard units with high frequency. The main 

characteristics are the following, based on the results of the questionnaire: 

• the 541 stores that provide a sufficiently detailed response receive 146,768 de-

liveries in a year, an average of 0.74 deliveries per day per store; 

• these 541 responding stores receive approximately 9,300 delivery units a day; 

• there is a total of 109.9 tons of goods per day in 541 stores served so far, or 

about 200 kg per store per day. 

I used the resulting data in the next steps of my research. 

Own publications related to the data collection methodology: [EN1] [EN2] [EN7] [EN9]  
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2.2. Application of a consolidation-based concept in the system of con-

centrated sets of delivery locations 

The structure of the current city logistics system under study is based on the processes 

of the concentrated sets of delivery locations assessed during the data collection described 

above, and the system's structure is shown on the left side of Figure 2. It can be seen that in 

the case of CSDLs there are several participants in the logistics processes, goods arrive at the 

logistics areas or signed loading bays of the CSDLs from the suppliers directly or through 

logistics service providers.  

As the next step of my research, I developed consolidation-based, multi-stage city logis-

tics systems for the delivery system of the urban concentrated sets of delivery locations, based 

on the current operation and the consolidation-based systems abroad. In the reorganized con-

cepts, I have placed a consolidation center between the CSDLs and the suppliers, where sup-

pliers can deliver directly with trucks and the center can also fulfill a stock handling role, al-

lowing suppliers to deliver larger quantities to the center less frequently. In this structure, 

larger volumes of goods are transported from the consolidation center by a city logistics pro-

vider in larger vehicles (in the two concepts developed in my research, using larger capacity 

road vehicles and urban railways) to the cross docks, where temporary storage is also possi-

ble. From the cross docks, the city logistics service provider then delivers the goods to the 

stores within the CSDLs after deconsolidation. In this concept, the goods to be delivered to 

the homes are prepared in the consolidation center and then transferred in the cross docks to 

vans that perform the home deliveries. The new concept with trucks is illustrated on the right 

of Figure 2. 

 

Figure 2: The current, and the new consolidation-based city logistics system of the CSDLs 

After describing the current system structure and developing the two reorganized sys-

tem concepts to be investigated (one using high-capacity trucks and one using urban railway 

deliveries), I started to model the examined systems. In order to avoid excessive neglect, I 

have chosen a mesoscopic level simulation [35] [36]. The first step of the modeling was to 

develop a mathematical model describing the logistic processes, both for the current system 

and for the two consolidation-based concepts. Then I wrote up the model of the cost structure. 

Finally, I followed the mathematical models by building a mesoscopic-level discrete event 
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simulation (DES) [37] model for the examined concepts. In all cases, the models considered 

one-month (30-day) periods. I built the simulation model in MS Excel. 

Of course, I also had to consider several constraints in the model and define the condi-

tions under which it could be applied. In the modeling and simulation runs, I assumed that 

road and rail vehicles performing the deliveries could use the road and rail track with no ob-

stacles to freight transport, and in the case of urban railway deliveries, cargo trams can be 

integrated into the timetable. In addition, I have assumed that different kinds of goods can be 

transported together, that there is appropriate segregation of different products during loading 

and delivery, and that all goods can be stocked at the consolidation center. In the jointly orga-

nized freight transport system using a consolidation center, the vehicles are of uniform capaci-

ty and size, the capacity of the vehicles is sufficient in all cases, and both the cross-dock and 

the consolidation center have sufficient capacity to handle the specified volume of goods. 

After model verification, validation, and experiment design, I compared the current city 

logistics system with the reorganized concepts based on the simulation results. In the current 

city logistics system, 6,860 delivery transactions are required to serve the 344 modeled stores 

in 6 examined concentrated sets of delivery locations in one month, which is reduced to 3,249 

transactions in the reorganized concept using trucks and 2,703 transactions by using trams. As 

a result, the mileage will also be reduced. In the current system, vehicles cover a total of 

1,213,401 km per month, which will be reduced to 618,589 km if trucks are used in the reor-

ganized system and 605,892 km if cargo trams are used. The change in the main performance 

parameters is shown in Figure 3, taking the current system as 100%. 

 

Figure 3: Change of the performance indicators in the city logistics system of CSDLs 

The reduction in mileage also means a reduction in fuel consumption and emissions. 

This is best measured in terms of carbon dioxide emissions, which is in the current system 

199.3 tons per month, compared to 91.9 tons under the reorganized truck-only solution  

(-53.9%) and 84.4 tons in the system with cargo trams (-57.7%). 

In addition, it is also worth examining the evolution of logistics costs, and the simula-

tion provided data on this. The current city logistics system's total logistics costs in one month 
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are 196.7 million HUF, looking at 344 delivery locations in 6 CSDLs. In the reorganized sys-

tem, this value will decrease to 160 million HUF (-18.7%) when using trucks and to 147.2 

million HUF (-25.2%) when using cargo trams (see Figure 4). This is mainly due to the re-

duced delivery costs on the delivery routes. 

 

Figure 4: Change in the logistics costs in the city logistics system of CSDLs 

Based on the results of the simulation runs, it is clear that the reorganized solutions will 

be more efficient and require fewer delivery transactions, which means less fuel consumption 

and, therefore, lower emissions and even lower logistics costs. 

Thesis 2: The number of delivery transactions and thus the sum mileage, fuel consumption, 

and emissions can be reduced in the delivery system of the urban concentrated sets of delivery 

locations by using alternative, environmentally friendly freight transport technologies for 

handling larger volumes together in consolidation-based city logistics systems: using envi-

ronmentally friendly trucks with appropriate capacity or urban railway deliveries. The reduc-

tion of the number of delivery transactions in the city logistics system of concentrated sets of 

delivery locations, and hence the reduction of transport costs, will also reduce logistics opera-

tion costs if a reorganized, consolidation-based city logistics system is used. 

The following publications are related to Thesis 2. 

Own publications related to Thesis 2: [EN3] [EN4] [EN6] [EN7] [EN9] [HU1] [HU3] 
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2.3. Application of cargo bikes based on the geometrical structure of the 

city logistics system 

Nowadays, two- or three-track, partially human-powered electric-assisted vehicles (i.e., 

cargo bikes) are increasingly used for urban freight deliveries. In addition to two-wheeled 

vehicles designed for freight transport, three-, four- and even five- and six-wheeled vehicles 

capable of carrying larger volumes of goods are also being used in city logistics processes. 

Studies have shown that in most European cities, one of two motorized freight journeys could 

be made by bikes instead of cars and vans [38]. Accordingly, more and more cities are now 

operating such systems, using a wide range of technologies [39] [40] [41] [42] [43] [44], in 

many systems in combination with other delivery technologies (cargo boats, cargo trams) [45] 

[46]. Such devices are also currently used in Budapest, the focus area of my research [47]. In 

addition to cargo bikes, similar electric devices with similar capacity, but not human-

powered, are already used in several cities [48] [49]. 

Of course, with the increasing use of cargo bikes, there have also been several research 

projects looking at this area of city logistics. The available publications are mainly related to 

Europe, but in general, it is stated that cargo bike solutions are a viable alternative for the fu-

ture [49]. Several studies have investigated how cargo bikes could replace trucks [51] [52] 

[53], and several models have been developed to examine cargo bike systems [54] [55]. The 

analysis of the results of the projects implemented and the research reviewed shows that the 

integration of cargo bikes can reduce emissions and congestion on urban roads and, in most 

cases, has a positive impact on the costs.  

In my research, I investigated how these devices could be integrated into the concen-

trated delivery locations' city logistics system. Based on examples of existing city logistics 

systems, it is clear that these tools can be used for various city logistics tasks, and my disser-

tation focused on the deliveries in the case of CSDLs. For this purpose, I developed a concept 

based on the geometrical structure of the urban logistics network. From a morphological point 

of view, three main groups of city structures can be defined: irregular, grid, and radial [56]. In 

the latter case, the available road network provides a reasonable basis for the organization of 

city logistics systems, and the new concept is based on this. However, the model itself can be 

applied to any other city structure, where an inner ring-like section of the road network and 

the rays emanating from it can be defined. In my research, I investigated the city logistic 

scheme for shopping malls in Budapest, but the concept can also be applied to any CSDLs. 

In the new city logistics concept developed based on the radial urban structure, I have 

divided the shopping malls into two groups: shopping malls on the internal ring of the city 

and shopping malls on the rays starting from the inner ring. The main objective was to deter-

mine whether this new concept could effectively integrate cargo bikes into the city logistics 

system under study. The concept is based on the idea that from a consolidation center near the 

external ring defined in the city model, larger trucks make deliveries to the city's internal ring, 

thus serving the central shopping malls. To these deliveries can be added the goods to be de-

livered to the stores located in the shopping malls on the rays where cargo bikes can be used 

for the deliveries. These goods are transported by larger trucks to the cross docks of the inter-

nal ring, from where they are delivered by cargo bikes along the rays.  
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As a first step in the modeling process, I defined a graph-theory-based theoretical model 

of the geometrical structure of the city logistics system of shopping malls (i.e., concentrated 

sets of delivery locations). In addition to the theoretical model, I also created a model of the 

symmetric structure and the real structure, the latter described in Budapest's example (see the 

theoretical model and the real model for Budapest in Figure 5). 

  

Figure 5: The model of the theoretical geometrical structure, and the model of the geomet-

rical structure of shopping malls in Budapest 

As a next step, I built a macroscopic level simulation model to investigate the cargo 

bike-based concept described above, based on the theoretical model. Four cargo bike technol-

ogies were tested in the simulation runs: two-wheel eBULLITT cargo bikes, Radkutsche car-

go trikes, four-wheel Armadillo cubicycles, and a trailer version of the latter, which can serve 

14.9%-46.9% of the stores in the system under study, respectively. After verification, valida-

tion, and experiment design, I tested the simulation model over 30 days and evaluated the 

effectiveness of the cargo bike-based concept. The simulation results are shown in Figure 6 

with the expected vehicle numbers for the four examined cases.  

 

Figure 6: Expected vehicle numbers based on the simulation results 
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The chart shows that the required number of vehicles does not increase critically, and 

that the integration of the stores has a significant impact only on the number of cargo bikes. In 

each case, 19-20 trucks are expected to be sufficient if only the internal ring is equipped with 

them, and the goods that can be handled by cargo bikes at the delivery locations on the rays 

are integrated. The latter would require 19-38 cargo bikes for Budapest. In the simulation 

runs, I also investigated the evolution of the costs associated with transport. Regarding the 

costs, the costs of direct transport from the consolidation centers to the CSDLs were com-

pared with the new concepts for the same amount of goods to be handled (see Figure 7).   

 

Figure 7: Comparison of the delivery costs 

Transport costs will increase slightly for the cargo bike solution, with an increase of be-

tween 20% and 40% in the examined cases. If only the financial aspects are considered, the 
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concept under study could efficiently move large volumes of goods, relieving congestion on 

urban roads and that a small increase in costs could be avoided in the future by increasing the 

efficiency of the technologies. 
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ro-emission small goods vehicles, e.g., cargo bikes, in combination with conventional freight 

transport technologies, as the integration of a small number of such vehicles allows the han-

dling of large volumes of goods to be integrated in an environmentally friendly way. 

I have prepared the following publications related to Thesis 3. 

Own publications related to Thesis 3: [IF1] [EN5] [HU4]  

0 Ft

250 000 Ft

500 000 Ft

750 000 Ft

1 000 000 Ft

Direct

delivery

New concept

(eBULLITT)

Direct

delivery

New concept

(Radkutsche

Musketier)

Direct

delivery

New concept

(Armadillo)

Direct

delivery

New concept

(pótkocsis

Armadillo)

C
o

st
s 

[F
t/

d
a

y
]

Daily costs in the examined concepts (HUF/day)

Costs of truck deliveries Costs of cargo bike deliveries Energy costs



13 

 

2.4. Relationship between the city logistics development and the level of 

concentration in urban areas 

As the next step in my research, I investigated the relationship between the concentra-

tion of urban areas and concentrated sets of delivery locations and the city logistics develop-

ment level, and the city logistics development potential. To investigate these, it was necessary 

to introduce a ranking model that could assess the current development and the city logistics 

development potential for arbitrary urban zones. Based on a literature search, I found that 

although there are a variety of ranking methodologies previously used in city logistics, none 

of them match the dual objectives of my research, so I had to develop an entirely new model. 

For this purpose, I chose the Analytic Hierarchy Process (AHP) method [58]. 

The ranking model developed in my research aims to assess the current city logistic de-

velopment of arbitrary urban zones (CSDLs and simple urban zones) and their potential for 

city logistic developments. The ranking criteria were built around these objectives. Since two 

different ranking values had to be defined, applying two AHP-based ranking models was nec-

essary. Accordingly, I have included separately a set of criteria (main criteria and sub-criteria) 

for the current development and a set of criteria (main criteria and sub-criteria) for the devel-

opment potential, summarized in Figure 8. 

 

Figure 8: Criteria of the ranking model represented in a tree structure 

After defining the criteria, I formalized the ranking model and defined the process of its 

operation. To assess the importance of the criteria, I used an expert evaluation process involv-

ing BME City Logistics Research Group members, experts of the BME ALRT and BME 

KTKG, and experts from the Clean Air Action Group. Based on the 18 evaluations received 

and considering the professional experience of the experts, I determined the importance of the 

main criteria and the sub-criteria. 

In testing the ranking model, I found it necessary to define a so-called fictive zone for 

the tests since AHP can only measure the zones compared with the best of the zones tested. I 

included the fictive zone to compare the tested zones to a theoretical zone with relatively good 
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characteristics (100% development and 100% development potential). Using the AHP-based 

multicriteria ranking model, I examined the Budapest CSDLs assessed during the data collec-

tion described earlier in my thesis booklet. The results obtained for the seven zones of the 

Budapest CSDLs are presented in Figure 9. The figure shows the shopping malls as circles, 

the market under study as a triangle, the two areas of the "Váci utca" shopping area as dia-

monds, and the fictive zone as a benchmark as a square. 

 

Figure 9: Results of the multicriteria ranking 

The figure clearly shows that all the zones surveyed are currently of medium develop-

ment and have medium development potential, in line with the observations made in the pre-

vious data collection phase. Based on the available data, the large shopping mall zone in the 

inner districts, the southern area of the "Váci utca" shopping area, and the market under study 

are the most developed. In contrast, the three shopping malls in the inner districts of Budapest 

have the highest development potential. The model was also tested for zones with random 

characteristics of low development and low development potential and zones with high devel-

opment and high development potential and produced the expected results. 

The results allowed me to examine the relationship between the concentration and the 

ranking results. To present this, the different indicators of the degree of concentration used in 

my research must be presented, which I have examined in this phase in relation to the ranking 

results. I have already described the simple degree of concentration at the beginning of my 

thesis (see formula (1)), which I will refer to as DoC1. I have introduced a special version of 

the simple degree of concentration, DoC2, which also considers the multi-level areas (e.g., 

multiple floors of shopping malls) as shown in formula (3). I have given DoC3 to the area-

proportional degree of concentration, which gives the ratio between the total area covered by 

the delivery locations (ASH) and the total area of the examined zone, as shown in formula (4). 

A special variant of this, which considers multi-level areas, is referred as DoC4, as shown in 

formula (5). 
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(3) DoC2 =  
NSH

∑ Aareai
n
i=1

 

(4) DoC3 =  
ASH

Aarea
 

(5) DoC4 =  
ASH

∑ Aareai
n
i=1

 

After determining the degrees of concentration, I performed correlation tests, the results 

of which are presented in Table 2. 

Table 2: The correlation (Pearson coefficients) between the results of the multicriteria 

ranking and the degree of concentration for seven Budapest zones 

 Current city logistics development 

level 

Future city logistics development 

potentials 

DoC1 41,2% -10,0% 

DoC2 43,6% -39,1% 

DoC3 -36,0% 84,0% 

DoC4 -54,0% 69,2% 

Based on the results, I concluded that the higher the simple degree of concentration, the 

more developed the examined zone is expected to be (medium correlation). It was also found 

that the higher the area-proportional degree of concentration, the less developed the zone is 

expected to be (medium and high correlation). Regarding development potentials, the higher 

the simple degree of concentration, the less developable the zone is likely to be (weak and 

medium correlation), and the higher the are-proportional degree of concentration, the more 

developable the zone is likely to be (strong correlation). 

The results clearly show that the development and the developability of the zones are 

related to the degree of concentration, so concentration alone can guide the developments in 

city logistics. 

Thesis 4: Based on the multicriteria analysis of the city logistics development of urban zones: 

- the higher the simple degree of concentration (DoC1 or DoC2), the more developed is in city 

logistics aspects, and the less developable the zone is likely to be; 

- the higher the degree of concentration (DoC3 or DoC4), the less developed in city logistics 

terms, and the more developable the zone is likely to be. 

The results of the multicriteria ranking are published in the following papers. 

Own publications related to Thesis 4: [IF2] [EN8] [EN10] [HU7] [HU9]  
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3. Future research 

There are several possible ways forward for the new scientific theses formulated in my 

dissertation. In the case of Thesis 2, it is worthwhile to go further, first of all, in applying the 

simulation model. It would be essential to apply it to other concentrated sets of delivery loca-

tions of a different nature and other cities so that the effects of the new concepts developed 

can be examined in other contexts. In the context of Thesis 3, it would also be worthwhile to 

investigate further the feasibility of a geometrical structure-based concept in other cities and 

develop a so-called reference geometrical model and derive an ideal geometrical structure. 

The most important next task for Thesis 4 will be applying to other types of urban zones and 

other cities at home and abroad. For this and the simulation, data collection will be necessary, 

and thus it will be important to apply the data collection methodology presented for Thesis 1. 

The MS Excel-based mesoscopic simulation model presented in the context of my The-

sis 2 proved to be suitable to provide the desired results and determine the system's most im-

portant characteristics under investigation. However, the model in this form became too large. 

So, I started to work on new simulation solutions; after building an AnyLogic-based simula-

tion model, I started to work on a DES-based microscopic model; currently, I am testing this 

tool, but I have already got positive results in terms of runtime. 

Another significant research direction I have already started to explore is the potential 

of drones in the city logistics system of concentrated sets of delivery locations. I performed a 

complex data analysis on the use of drones, developed city logistics concepts using drones, 

investigated the necessary size of the drone fleet, introduced the concept of drone mini-hubs, 

and looked at their technological potential; the next step will be the modeling of drone-based 

city logistics systems. 

As investment issues are important in addition to system operation, I have also dealt 

with the sizing of system components. I have investigated the feasibility of designing cross 

docks to supply concentrated sets of delivery locations. I am currently looking at developing 

common loading bays for open infrastructure sets and the potential for implementing smart 

loading bays. 

In addition, I will pay special attention to the application possibilities, the development 

of concepts, and the modeling of urban railway deliveries and urban waterway transport solu-

tions. 

Own publications related to the DES-based modeling: [IF3] [HU6] [HU8] 

Own publications related to the integration of drones: [EN11] [HU10] [HU13] 

Own publications related to the sizing of the junctions: [HU2] [HU11] 

Own publications related to the urban railway/waterway deliveries: [HU3] [HU5] 

[HU12] 
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4. Practical applications of the research results 

In my dissertation, I formulated four new scientific theses. A new clustering method is a 

basis for the practical application of my results, which will help to identify concentrated sets 

of delivery locations in city logistics development projects where significant improvements 

could be achieved, thus leading to significant savings, and helping to achieve climate protec-

tion goals. 

My research has produced a city logistics toolkit that can help research projects and 

larger-scale developments. In connection with Thesis 1, a complex data collection methodol-

ogy was developed, which can be used to measure the delivery locations of selected CSDLs 

and the delivery locations of simple urban zones. If we already know the characteristics of the 

delivery locations, we can model these city logistics systems. By applying the models devel-

oped for my Thesis 2 to the concentrated sets of delivery locations under study, a comparison 

can be made between the current system and the new concepts so that a decision can be made 

on the most appropriate concept to introduce. The models related to my Thesis 3 can also an-

swer how cargo bikes could be included in the system for the CSDLs under consideration. 

Once the CSDLs have been clustered, analyzed, and modeled, it will be possible to rank them, 

for which the AHP-based ranking methodology developed in the context of my Thesis 4 can 

be applied. 

We plan to use the methodologies and tools in several research and development pro-

jects at the Budapest University of Technology and Economics in the following years. We 

have already incorporated the data collection methodology, the AHP-based ranking model, 

and our simulation models into several submitted proposals (HORIZON2020  TÉT). Regard-

less of these opportunities, we are also developing cooperation with the Centre for Budapest 

Transport and the Municipality of Budapest, within the framework of which we expect to par-

ticipate in several projects aimed at the development of the city logistics system of Budapest, 

and we plan to apply the city logistics toolkit developed in my research. In addition, coopera-

tion with the Budapest Market Halls Ltd., which operates the Budapest market halls, is being 

established. Here it may even be possible to investigate consolidation-based solutions soon, 

where the data collection methodologies could be used to assess the current situation and the 

simulation models could be applied to investigate consolidation-based solutions.  

In addition, it is important to highlight that the toolkit can be used as a basis for various 

student research projects and SRS projects, as they allow data collection, modeling of new 

concepts, and selection of development target areas for specific projects. In addition, the re-

sults have also been integrated into the learning materials of the BSc in Logistics Engineering 

and the MSc in Transportation Engineering at the Budapest University of Technology and 

Economics. 

It can be seen that the results of my research, the tools, and models produced will be 

helpful in the future, both for research, development projects, and proposals, and for teaching 

logistics and transportation engineering at universities, and thus will contribute to the devel-

opment of city logistics systems.   
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