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I Abstract 
The supply of goods to urban area, which is called urban freight distribution, is complicated due to traffic 

infrastructure, space constraints and governmental regulations such as time windows and vehicle 

restrictions. The objective of this study is to advice Lekkerland whether they should supply stores in 

urban areas through an Urban Consolidation Centre (UCC). A UCC is “a logistic facility that is situated 

in relatively close proximity to the geographic area that it serves from which consolidated deliveries are 

carried out within that area” (Browne, et al. 2005). Three scenarios were analyzed to determine the 

impacts of the UCC on urban freight distribution in terms of routing and cost. The UCC can optimize the 

supply of stores in urban areas, but the extent to which the UCC leads to better results depends on several 

factors, such as order volumes, vehicle size, distance, fees and governmental regulations. It is highly 

likely that the effects of the factors on costs are different in each situation. By analyzing the three 

scenarios it is possible to get more insight in how these factors affect the total labor time, the total length 

of the routes and the corresponding distribution costs. All cities are different from each other so that 

different values may apply to the factors. This makes it difficult to extrapolate the results from this 

research to other cities.  
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II Management Summary 

Problem identifications and research objective 

Many retailers are located in the middle of a city, in highly congested areas with limited space for trucks 

to unload, such as shops at railway stations and shops located in the city centre or in a shopping area. 

Distribution of goods in urban areas leads to low speed driving, short time of effective driving, long 

vehicle downtime and moreover it is labor intensive (Alvarez & de la Calle, 2011). 

The shops must be supplied between block times. Block times are pre-arranged times between which the 

freight carriers should deliver the ordered goods to the customer. Besides, the government imposes 

vehicle size restriction and time windows, which further complicates the supply of stores in cities.  

In the study the concept Urban Consolidation Centre (UCC) is further elaborated to investigate whether 

this initiative is an appropriate solution for urban freight distribution. The definition of a UCC is as 

follows: “a logistic facility that is situated in relatively close proximity to the geographic area that it 

serves from which consolidated deliveries are carried out within that area” (Browne, et al. 2005). The 

concept of a UCC is represented in Figure II-1(Van Kolck, 2010). 

 

Figure II-1: Schematic representation of the concept behind Urban Consolidation Centre (Van Kolck, 2010) 

The UCC initiative is a capable and promising concept, because the load is transferred to other trucks 

with increased load factor. Moreover it allows easier time-windowed operations (Quak & De Koster, 

2009) and improves livability and sustainability in urban areas (Quak & De Koster, 2009). However, by 

using a UCC an extra step is added to the distribution network which may lead to extra management 

costs, delays, and greater risk of damage.  

Research question 

In this study the following research question and sub-question will be answered: 

Is the introduction of a UCC a cost-minimizing solution for urban freight distribution for Lekkerland, 

taking into account governmental regulations in urban areas? 

• What are the impacts on the total drive time, the total stop time, and the total length of routes when 

the distribution of goods to urban areas is done through a UCC? 

• What effect has a UCC on the truck movements in the urban area? 

• When is it interesting for Lekkerland to distribute goods to urban areas through a UCC from a third 

party? 

• When is it interesting for Lekkerland to develop their own UCC? 

• What are the preconditions of a UCC? 

• What factors must be considered when deciding whether the supply of stores in urban areas should go 

through a UCC?  

• Which factors affect the profitability of a UCC? 
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Methodology  

Three possible scenarios for the delivery of the goods to the customers have been analyzed in order to 

obtain an answer to the research questions. To compare the three scenarios with the current situation, one 

of them is based on the current distribution network. 

 

Scenario 1: 

This variant is based on the current situation in which the goods are delivered to customers without going 

through the UCC (as depicted in Figure II-2). Seven different types of vehicles, based on the current 

vehicle fleet of Lekkerland, are used for these deliveries. Each vehicle visits a number of customers in a 

specific sequence and then returns to the Distribution Centre (DC). This process is called ‘a route’ in the 

thesis. A vehicle can be used for another route if that vehicle is returned early. 

 
Figure II-2: Graphical representation of logistics without using a UCC 

Scenario 2: 

In this scenario the goods are delivered to a UCC which is operated by Binnenstadservice (BSS) or they 

go to the customer bypassing the UCC. Figure II-3 is a graphical representation of this scenario.  

 
Figure II-3: Graphical representation of logistics where BSS operates the UCC 

In this case Lekkerland outsources the ‘last mile’ to BSS. The ‘last mile’ is defined as all deliveries from 

UCC to customer (in figure II-3, the striped arrow). For every roll container (RC) that Lekkerland delivers 

at the UCC they must pay a fee to BBS. In order to investigate whether the volume of orders that goes 

through the UCC has any effect on the optimal solution the volumes are varied. Three sub-scenarios are 

investigated; one scenario in which only orders that have ������ ≤ 3	
�� go through the UCC, one with 

only orders that have ������ ≤ 5	
�� and one with orders that have ������ ≤ 20	
��. The remaining 

part of the orders goes to the customer without passing the UCC.  

Scenario 3: 

The difference with scenario 2 is that the UCC is not operated by BSS, but by Lekkerland itself. The 

vehicles that are used for the ‘last mile’ deliveries are owned by Lekkerland and the company also does 

the routing. Figure II-4 gives a graphical representation of the new situation, as can be seen the ‘last mile’ 

arrow is not striped, to indicate that Lekkerland owns it. Just as in scenario 2 there are three scenarios by 
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which the size of orders through the UCC is varied. Additionally three locations of the UCC are analyzed. 

Finally, a financial overview is created where the costs of running a UCC are described.  

 
Figure II-4: Graphical representation of logistics where UCC is totally operated by Lekkerland 

Results 

The use of a UCC increases the drive time by a small amount, however, the use of the UCC results in a 

reduction of the number of routes from the DC and the total drive time then is reduced by an even larger 

amount. The same is for the number of kilometers. Something else is happing for the stop time. The larger 

the volumes of orders that go through the UCC, the higher the stop times. This is because per RC that go 

through the UCC the time to unload and transferred it into another vehicle is extra stop time, which 

increases the total labor time in scenario 2 and 3, but not in scenario 1 

The costs for scenario 1 come close to the costs for the 3 sub-scenarios in scenario 2. The variant when 

only orders with ������ ≤ 5	
�� go through the UCC is equal to scenario 1. The variant when orders 

with ������ ≤ 20	
�� go through the UCC has slightly lower costs (2.96%). The variant in which only 

orders with ������ ≤ 3	
�� go through the UCC, has slightly higher costs than scenario 1 (4.2%).  

In scenario 3, the savings resulting from the goods supplied through the UCC, are invested in the ‘last 

mile’ deliveries which is done by Lekkerland itself. For all sub-scenarios in scenario 3 the savings are 

slightly higher than the cost for the ‘last mile’ deliveries, resulting in lower costs (exclusive the financial 

and management costs of running the UCC) for scenario 3 than scenario 1 and 2. From these results it can 

be concluded that Lekkerland can do the ‘last mile’ distribution cheaper, in terms of labor and fuel costs, 

than the fee paid to BSS. However the costs of running the UCC are quite high which increase the total 

costs per year with a large amount. Around 13 to 27 percent of the total costs in all sub-scenarios in 

scenario 3 are dedicated to the costs of running a UCC. 

Conclusion 

It can be concluded that the UCC is an initiative that can optimize the supply of stores in urban areas, but 

the extent to which the UCC leads to better results depends on several factors. In each situation these 

factors must be assessed first, before it can be concluded whether the UCC is good or bad for the results. 

The effect of the factors might be different in each situation and furthermore may be different for each 

company. The factors for example are: the volumes supplied to a city, the volumes that go through the 

UCC, the maximum vehicle size allowed at the UCC and in the city, the price that must be paid to make 

use of the UCC, the number of customers that agree on getting their goods delivered by BSS, the distance 

between DC and city, the regulations in a city. Each city has different values for these factors making it 

difficult to extrapolate the results from this research to other cities.  
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1 Introduction and background
This report presents the results of a master thesis project conducted at Lekkerland Nederland

(hereafter referred to as Lekkerland)

(UCC) on the distribution of goods to urban areas

of the research topics on city logistics. The

is an appropriate solution for urban freight distribution

UCC an extra step is added to the distribution network which 

delays, and greater risk of damage. On the other hand 

costs, improve livability and sustainability 

government in city centers. 

1.1 Company description  

Lekkerland is one of the largest transporters in the convenience industry in The Netherlands. 

company offers a complete assortment, both food and non

perfectly fits within the need of the convenience market. 

is food/non food and '''''''' is telecom. Next to convenience, Lekkerland is the leading wholesaler in the 

tobacco channel in the Netherlands.

The headquarters of Lekkerland Nederland is loc

as well as purchasing and sales function are settled. Their three Distribution Centers (DCs) are located in 

Son, Waddinxveen and Meppel. Each DC is

they deliver goods. The geographical dispersion of the customers is shown in

Figure 1.1: Geographical dispersion of customers

Lekkerland has been active for 50 years in the Dutch convenience industry. 

company serves more than 9.500 customers per week. In 2010 Lekkerlan

billion Euros (including Lekkerland Vending Services, who deliver, maintain and replenish tobacco 

vending machines). 

Waddinxveen 

Meppel 

Son 
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Introduction and background 
This report presents the results of a master thesis project conducted at Lekkerland Nederland

(hereafter referred to as Lekkerland). The study investigates the effects of an Urban Consolidation Centre 

(UCC) on the distribution of goods to urban areas in terms of routing and costs. The UCC concept is one 

of the research topics on city logistics. The aim of the analysis is to determine whether 

for urban freight distribution for both freight carriers and retailers

an extra step is added to the distribution network which may lead to extra man

, and greater risk of damage. On the other hand a UCC could decrease operational (fuel and labor) 

and sustainability in urban areas and anticipate to stricter regulations

 

Lekkerland is one of the largest transporters in the convenience industry in The Netherlands. 
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Each DC is dedicated to a particular area in the Netherlands in 
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Lekkerland has been active for 50 years in the Dutch convenience industry. With 822 employees the 

company serves more than 9.500 customers per week. In 2010 Lekkerland realized a turnover of 2,510 

billion Euros (including Lekkerland Vending Services, who deliver, maintain and replenish tobacco 
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1.1.1 Characteristics 

Lekkerland serves as an interface between industrial producers, convenience shops and their customers. 

The company can be seen as the broker in the market. Lekkerland receivers the products from European 

and regional producers in various sectors and distributes the products to the sales points.  

1.1.2 Core competences 

 
Figure 1.2: Business model of the wholesale at Lekkerland Nederland. 

Lekkerland has three core competences: wholesale, logistics and services. Wholesale is the process which 

is shown in Figure 1.2. Lekkerland buys products from industrial producers and resells them to the retail 

sector. The purchases from producers are in large numbers and collected in the three DC’s. Subsequently 

the products are divided into smaller quantities and distributed among the retailers. ''''''''''''''''''''''' ''''''' ''''''''''''' 

'''''' '''''''''''''''''''''''''' ''''''''' '''''' ''''''''''''''''''''''''' ''''''''''''''''''''''''' '''''''''''''''''' the company offers more services ''''' '''''''''''''''''''''''''''' 

''''''''''''''''''''''''''' '''''''''''' ''''' ''''''''''''''''''''''''''' by providing logistics advice and additional services.  

1.1.3 Customers 

The main deliveries are to petrol stations, convenience and tobacco stores, retail chains (supermarkets), 

and other customers such as '''''''''''''''' '''''''''''''''''' '''''''''''''' ''''''''''''''' ''''''''''''' '''''''' ''''''''''''''''''''''.  

These sales points are distinguished in three categories: filling stations, system customers and regional 

customers. Filling stations are all petrol stations in the Netherlands served by Lekkerland. System 

customers have stores throughout the Netherlands and communication is done with the customer’s 

headquarters instead of directly with the local store. Regional customers only communicate with the DC 

from which they are supplied and agreements are made directly between Lekkerland and the store.  

1.1.4 Product assortment 

Each DC has its own assortment of products. The type of products each DC has in stock is presented in 

Appendix A. Due to the diversity in the product assortment, the collecting, loading and (usually) 

transportation processes for tobacco, confectionary and service articles (together referred to as ambient 

products) take place independently from the cooled and frozen products (together referred to as fresh 

products). A customer who orders ambient as well as fresh products receives mostly two deliveries. 

However Lekkerland attempts to do more multi-temperature deliveries in the future. This should result in 

the replacements of two separated deliveries into one delivery. The differentiation of processes means that 

several flows run in parallel, which offers on the one hand opportunities for efficiency, but on the other 

hand leads to an increased complexity. Lekkerland works with a cross dock system between the three 

DC’s. In DC Son and DC Waddinxveen two types of orders are collected: orders for their own DC and 
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orders for cross-dock to other DCs. DC Meppel does not collect cross-dock orders since the DC does not 

have products which the other DCs do not have. The received cross-dock orders are not placed into 

storage but are directly consolidated with the rest of the products for a particular customer. The use of 

cross-dock transport result in extra complexity in the processes of Lekkerland. 

1.1.5 Vehicle Fleet 

The vehicle fleet of Lekkerland contains different types of vehicles. The size of the vehicles differs and 

whether the vehicle can transport fresh and/or ambient products. It is possible to carry ambient goods in 

fresh vehicles but not the other way around. In Appendix B the properties of each type of vehicle are 

given. 

1.1.6 Binnenstadservice 

Lekkerland already has a partnership with the company Binnenstadservice (BSS), which operated several 

UCC’s within the Netherlands. Therefore the focus in the project is on this cooperation. There are many 

more comparable companies in The Netherlands; therefore, the model developed in the thesis is build up 

where BSS can be easily replaced by another third party. 

BSS is a concept from the foundation Eco2City. The latter tries to improve the environment by reducing 

vehicle movements in urban centers. The BSS concept is developed with the idea that it can help local 

organizations and companies who want to support this form of eco-friendly inner city distribution.  

BSS distinguishes from other UCCs by its focus on receivers rather than on carriers. The small and 

independent retailers do not have to pay for the BSS’ basic service which is receiving goods from carriers 

and delivering these goods to the retailer at the time the retailer wants. BSS focuses on the small and 

independent retailer because these deliveries are usually not optimized in contrast to those of retail chains. 

BSS also offers extra services such as storage and value-added logistics for which the retailer has to pay 

an additional fee. Currently BSS only handles simple products and small deliveries and they use clean 

vehicles to deliver the goods. According to Van Rooijen and Quak (2010), “the mission of 

Binnenstadservice is to provide logistical services to local inner city stores, regional consumers, carriers 

and local government”. The objective is to minimize the amount of trips through the city centre (Van 

Rooijen & Quak, 2010). It received subsidy for one year from the government. Currently BSS has eight 

other establishments throughout The Netherlands. In the latter article two models are used to generate 

information about local impacts. A vehicle routing model to obtain fleet size, travelling time and 

travelling distance of which the output were used as input for the second model that calculate and 

visualize the local impact of the delivery activities. The results from Van Rooijen and Quak (2010) were 

that “the effects on inconvenience for residents, traffic safety and shopping environment are promising. 

The effects on local air quality and noise nuisance are limited due to the amount of remaining passenger 

and bus traffic”. 

Since the foundation of BSS in 2008 Lekkerland has been collaborating with BSS. This collaboration 

means in the first place that Lekkerland delivers the goods at BSS (only the retailers who agreed with 

this) and secondly that BSS is responsible for the transportation of the goods to the retailers. The 

advantage for Lekkerland is that less of their trucks have to go to the city centre which tends to result in a 

decrease in costs. These revenues are invested again into BSS by paying them a fee per roll container for 

the delivery to the stores'' '''''''''''''''''''''' ''''''''''''''''''''' '''''''''''''''''''''''''' ''''''''''''''' ''''''''''''''''' '''''''''' ''''''''''' ''''''''' ''''''''''''''''''''''''''''''' 

''''''' ''''''''''''''''''''''''''''''''''''' '''''''''''''''''''' '''''''''''''''''''''''''''' '''''''''''''''''''''''' '''''''''''''''''''''''''' ''''''''' '''''''''''''''''''''' ''''''''''' ''' ''''''''''''''''''' '''''' 
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'''''''''''' ''''''''''' '''''''''''''''''''''''''''''' '''''' '''''''''' ''''''' '''''''''' ''''''''''''''''''''' '''''''''''''' ''''''''''''''' ''''''''''''''''''''''' '''''' '''''''''''''''''''. Furthermore 

BSS is not able to deliver fresh products at the moment but a pilot is running where BSS works together 

with another company which does the transport of perishable products.  

1.2 Project description 

There are two dimensions to sustainability: environmental sustainability and social sustainability (Quak & 

De Koster, 2009). Environmental sustainability refers to pollutant emission and social sustainability refers 

to noise, visual intrusion, vibration, city accessibility, and congestion. Urban freight transport is one of 

the most significant contributors to un-sustainability in cities in both these aspects. Truck movements in 

cities are considered to have a negative impact on the livability as well as on the attractiveness of such 

areas (Quak & De Koster, 2009). Freight transport makes out 10-30% of the traffic flow in various cities 

(Crainic et al, 2009), but the contribution in pollution and noise is an estimated 40% (COST321, 1998). 

The field of city logistics has been emerged because of this problem and it is a fast growing research field. 

It can be seen as an integrated approach to urban freight problems defined as “the process for totally 

optimizing the logistics and transport activities by private companies in urban areas while considering the 

traffic environment, the traffic congestion and energy consumption within the framework of a market 

economy” (Taniguchi & Thompson, 1999). The holistic goal of urban freight systems is to find a solution 

to reduce the nuisance and improve traffic flows inside the city associated to freight transportations while 

supporting the city social and economic development ((Crainic et al, 2009); (Thompson & Taniguchi, 

2001)). 

Urban freight distribution is the movement of goods within urban areas. In the literature it is also called 

urban freight transportation, inner-city distribution or ‘last mile’ logistics. This type of transportation is 

different from long distance or long haul transportation. Long haul transportation is defined as “a truck 

travelling with a load to an unloading destination of over 100 kilometers” (Quinian, 2001). The vehicles 

used for urban freight distribution are generally smaller. Besides this type of transport is more polluted 

than long haul transportation, due to short trips and many stops (Alvarez & de la Calle, 2011); (Filippi, 

Nuzzolo, Comi, & Delle Site, 2010). 

Urban freight distribution is further distinguished from other types of road transport by several 

characteristics (Alvarez & de la Calle, 2011). 

• Relatively short routes and low speed driving  

o This is due to the areas covered and the kind of goods being distributed.  

• Short time of effective driving 

o The time freight is delivered by a driver is much higher than the driving time which means 

that a great part of the operations is done while the vehicle is stopped. 

• Long vehicle downtime 

o The driver parks the vehicle and makes a good part of the delivery on foot. Although the 

worker is not driving, this should be considered as working time. 

• Labor intensive 

o This is one of the main cost drivers in urban freight distribution ahead of fuel, maintenance 

and depreciation of the vehicle. 

• Space restrictions 

o The logistic configuration of space is of importance due to spatial limitations. Therefore in 

many European cities (local) governments have set regulations about the weight and length 
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by which vehicles are allowed to enter the city. The effect of these regulations is that often 

only small vehicles are allowed to enter the city centre and those vehicles have limited 

carrying capacity. 

• Traffic infrastructure 

o Traffic jams are the main cause for delay in the transportations process. The traffic jams are 

caused by the high demand for transportation in the city centre compared to the very limited 

supply of infrastructure of the metropolitan central areas. 

• Environmental aspects 

o When companies distribute goods into city centers, they should take into account 

environmental aspects due to the high density of population in these areas. It is necessary to 

control pollutant emissions and to take into account other nuisance, such as noise and 

congestions. 

• Agents involved 

o Urban logistics is a multi-faceted problem since various decision makers are involved: 

retailers, freight carriers, suppliers, consumers and (local) government. 

An overview of the entire research topics on city logistics is presented by Quak et al (2007) and is 

summarized in Table 1.1. The focus lies on the topic ‘transport flow improvement’ and ‘urban 

consolidation centers’ is the subject that will be further investigated. The other topics are not included. 

The urban consolidation centre initiative is further elaborated in chapter 2. 

Transport flow 
improvements 

Hardware (the means) Policy (in context) Research orientated 

Cooperation between 
companies 

Infrastructure, parking and 
unloading facilities 

Licensing and regulation Modeling 

Consolidation centers Technological innovations  Review – discussion 

Transport reorganizing   data 

Routing improvements    

E-commerce    

Table 1.1: Topics in City Logistics (Quak et al, 2007). 

1.3 Project outline 

The research conducted follows the methodology of the regulative cycle (Aken, Berends, & Bij, 2007). 

First, explorative analysis is used to define a problem. Next to that, a theoretical basis is created that 

supports in analyzing, diagnosing and designing a solution for the problem. Then, the redesign is tested 

and the results of the redesign are validated. Finally, an implementation plan is created. This last step is 

not done in this research, only recommendations for further research are given.   
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Figure 1.3: Project outline based on regulative cycle 

This methodology is also visible in the structure of this report. Figure 1.3 gives an overview. In this 

chapter the problem has been defined based on explorative analysis. Thereafter, chapter 3 gives a 

theoretical background to analyze and diagnose the problem in chapter 3. In chapter 4 the data that is used 

in the project is analyzed which contributes to the research method in chapter 5. In this chapter also the 

redesign is defined and is tested by means of optimizations. The results for this redesign are discussed in 

chapter 6. Thereafter, in chapter 7 a sensitivity analysis is conducted which defines aspects that influence 

the results. We conclude this thesis in chapter 8, with general conclusions about the designed framework 

and with recommendations for further research for Lekkerland. 
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2 Literature study on Urban Consolidation Centres 
The definition of a UCC is as follows: “a logistic facility that is situated in relatively close proximity to 

the geographic area that it serves from which consolidated deliveries are carried out within that area” 

(Browne, et al. 2005). Consolidation in transport economics means the “bundling flows of passengers or 

goods from different origins and/or to different destinations on common parts of their routes” (Beuthe & 

Kreutzberger, 2001). 

2.1 The concept 

The concept of a UCC is represented in Figure 2.1 (Van Kolck, 2010). 

 
Figure 2.1: Schematic representation of the concept behind Urban Consolidation Centre (Van Kolck, 2010) 

The UCC initiative is a capable and promising concept, because the load is transferred to other trucks 

with increased load factor. Moreover it allows easier time-windowed operation (to avoid traffic jams) 

(Quak & De Koster, 2009). However it must kept in mind that not all UCC initiatives were successful in 

the past. One explanation could be an unsuccessful business case which leads often to an unhealthy 

financial status of the UCC (Van Duin et al, 2010), another can be that most of the models so not view the 

issues from an integral perspective, whereby the actual impact on routing is not estimated for the various 

stakeholders, but a global optimum is sought (Van Kolck, 2010). 

To take into account the different interests and choices of stakeholders regarding UCCs, multi-agent 

models are generated. “Multi-agent modeling deals with behavior and interaction among multiple agents, 

which are most suitable for understanding the behavior of stakeholders and their response to policy 

measures” (Taniguchi et al, 2007). 

A multi-agent model in UCC content is developed by Van Kolck (2010) and is represented in Figure 2.2. 

Four forms of relationships between agents can be seen: Goods, information, money and emission. 

This model is a good representation for the actors and interactions used in the master thesis, only the 

municipality and harmful emission is left out scoop. As can be seen in de model goods are transferred 

between trucks and the UCC operator, freight carriers or retailers. Information is exchanged between 

truck drivers and the UCC operator and freight carriers. Other information flows are between freight 

carriers and the UCC operator and between freight carriers and retailers. Money travels between truck 

drivers and the UCC operator and freight carriers. And there are money flows between the retailers and 

freight carriers and between freight carriers and the UCC operator.  
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Figure 2.2: Schematic representation of multi-agent model (Van Kolck, 2010). 

2.2 Success factors for a UCC 

Marcucci and Danielis (2008) stated that “the UCC is justified when the costs of the urban leg using a 

private vehicle is larger than the sum of the additional cost imposed by the UCC”. The costs and benefits 

are dependent on several factors: “the type of goods to be delivered, the organizational and business 

characteristics of the receiver (e.g. store capacity, location, parking availability, number of goods traded a 

day, etc), business characteristics of the transport operator (e.g. own account or third party, resources of 

transportations available, number of drivers, number of consignments in the urban area, availability of 

private depots in the proximity of the urban area, etc.), the type of UCC (location, size, store capacity, 

types of vehicle, type of ownership, etc.), and the characteristics of the urban area (size, traffic conditions 

and regulation, types of street and lane, degree of pedestrianisation, etc.)” (Marcucci & Danielis, 2008). 

The choice whether to consolidate goods and the best way to consolidate depends on different factors. 

The most important factors are the height of transport costs, the size of flows, and the costs and time 

requirements of exchange operations, the security liability and customer service issues associated with 

additional companies handling goods (Beuthe & Kreutzberger, 2001). 

Furthermore several success factors of a UCC are mentioned in the literature and summarized by (Browne 

et al., 2005); (Marcucci & Danielis, 2008). 

• Location 

• Subsidy collection (out of scope) 

• Collaboration between UCC and freight carrier (assumed to be good) 

• Financial overview:  

• Service cost of the UCC:  

• Access permit cost: out of scope (only road tax has to be paid in the Netherlands) 

• Delay in delivery time:  

A SWOT analysis is conducted and is shown in Appendix C. Among others the strengths and weaknesses 

of a UCC are presented in this table. Elements from this table are collected from several papers in the 

literature and are combined in one table (Marcucci and Danielis 2008, Beuthe and Kreutzberger 2001, 

Bookbinder and Higginson 2005, Browne et al. 2005, Van Rooijen and Quak 2010, Van Kolck 2010). 



 

9 

 

2.3 Impact of UCCs on retailers 

The impact a UCC has on the retailers depends on the services the UCC offers and also on the size of the 

retailers’ chain. Large retailers who have their own distribution centers and receiving full truck loads at 

their outlets do not have potential benefits of a UCC. Most UCCs focus on retailers who receive small 

deliveries from different suppliers or through different logistics service providers. 

Another impact for retailers when their ordered goods from various companies become consolidated is a 

decrease in ordering costs, because part of these costs is shared (Dror & Hartman, 2007). Moreover the 

retailers can control the time at which goods are delivered to their stores (Hofenk, Birgelen, Bloemer, & 

Semeijn, 2009). 

However retailers are concerned about the cost implications and whether these costs can be compensated 

through improved retail efficiency resulting from the UCC scheme or from other supply chain partners 

(Browne et al, 2007). The retailers’ willingness to pay is very low and retailers think that the costs 

associated with a UCC are higher than the cost they have in the current situation (Hofenk, Birgelen, 

Bloemer, & Semeijn, 2009). 

Furthermore an extra actor is in the supply chain, which increases the change of goods being damaged or 

stolen, and also the delivery time increases (Hofenk, Birgelen, Bloemer, & Semeijn, 2009).  

2.4 Impact of UCCs on transport companies 

Browne et al. (2005) evaluate many studies about urban consolidation centers. From these studies the 

most quantified impacts from a consolidation centre are: 

• changes in number of vehicle trips 

• changes in total fuel consumed 

• changes in vehicle emissions 

• changes in the number of vehicle kilometers 

• changes in vehicle load factor 

• changes in parking time and frequency 

Besides a UCC may lead to more efficient daytime deliveries through not having to enter a congested city 

centre and the more flexible and longer delivery times to deliver goods into the UCC could improve 

vehicle utilization and reduce running costs.  

However, since a UCC introduces an extra node in the distribution channel which imposes extra logistics 

costs, the logistics coordinator or operator of the distribution channel might not be willing to use it 

(Danielis et al, 2010). Furthermore, the problem the carriers have with the willingness to cooperate in a 

UCC is that the carriers will not give away the delivery of the goods to another party, because of 

reliability issues and the fact that picking up and delivery of the goods is their core business. The 

information that needs to be shared with the UCC operator is very sensitive due to competition (Van Duin 

et al, 2010) 
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3  Research design 
This project is about whether the UCC initiative is an appropriate solution for urban freight distribution. 

The governmental regulations as well as block time at the customers are taken into account.  

3.1 Research objective  

Many customers of Lekkerland are located in the middle of a city, in highly congested areas with limited 

space for trucks to unload, such as shops at railway stations and shops located in the city centre or in a 

shopping area. The railway stations are generally located in the city centre and the construction of some 

stations is in such a way that stores within the railway station are difficult to reach which leads to long 

unloading times, especially when railway stations are large and many stores need to be supplied. 

Furthermore long unloading times occur also at retailers which are located in an area that cannot be 

reached by truck. The driver makes a good part of the delivery on foot which leads to long unloading 

times. 

Moreover the shops must be supplied between block times. Block times are pre-arranged times between 

which the Lekkerland should deliver the ordered goods to the customer. These times are determined in 

consultation between the Lekkerland and the retailer to ensure that not all trucks arrive at the store at the 

same time or during busy shopping hours. Or that there is manpower available to receive the goods 

ordered and that certain products arrive at the store in time so that they can be on the shelves at the right 

moment (e.g. perishable products for breakfast, lunch etc), or that trucks arrive at the store before closing 

time of the area the store is located in. Lekkerland has to unload their goods at the store between the 

predetermined times. When the Lekkerland is not able to deliver the goods between these predetermined 

times for whatever reason they are allowed to deliver later that day; however a note is made in order to 

evaluate the timeliness regularly to determine whether the Lekkerland has the right to get a bonus or that 

they have to pay a penalty.  

Furthermore it is likely the government will impose more restrictions to the size of vehicles allowed in the 

city centre in the future. Companies that deliver goods in these areas should be prepared for these possible 

stringent regulations because this may have an impact on the distribution of goods and it further 

complicates the supply of stores in cities.  

3.2 Research questions 

In this study the following research question will be answered: 

Is the introduction of a UCC a cost-minimizing solution for urban freight distribution for Lekkerland, 

taking into account governmental regulations in urban areas? 

As explained in the introduction the focus of the study is on urban consolidation centers which could be a 

solution for urban freight distribution. This leads to the following sub-questions: 

• What are the impacts on the total drive time, the total stop time, and the total length of routes when 

the distribution of goods to urban areas is done through a UCC? 

• What effect has a UCC on the truck movement in the urban area? 

• When is it interesting for freight carriers to distribute goods to urban areas through a UCC from a 

third party? 

• When is it interesting for freight carriers to develop their own UCC? 
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• What are the preconditions of a UCC? 

• What factors must be considered when deciding whether the supply of stores in urban areas should go 

through a UCC?  

• Which factors affect the profitability of a UCC? 

3.3 Research scope 

This research is from the perspective of freight carriers and it examines the impacts the UCC may have on 

their distribution network. The interests of other actors are taken into account, but no research has been 

done from their perspective: 

• Retailers 

o Want to receiver their goods on time and they do not want to pay any extra money when 

their goods are delivered through the UCC.  

• Government 

o Wants the cities to be more sustainable and have set regulations such as time windows 

and maximum vehicle size allowed in the cities.   

• UCC operator 

o The UCC operator charges a fee for ever delivery they must do. The fees do not only 

include the costs for the distribution of goods but a part of it is to finance their UCC. 

The research includes the routing process for Lekkerland. The results are based on the data and 

information obtained from Lekkerland.  

3.4 Scientific and management relevance 

This study contributes to the current literature by investigating aspects that may be of interest for freight 

carriers to determine whether to make use of a UCC. There is already literature about the impacts UCCs 

have on freight carriers, which is discussed in section 2.4, but no research has been done on factors that 

influence whether or not it makes financial sense to have a UCC. Thus factors such as change in order 

size, fluctuations in fuel price, and stricter regulations of the government, could affect the decision 

whether or not freight carriers should make use of a UCC. Furthermore studies have been done on urban 

distribution centers. However each country is different from each other and therefore it is difficult to 

extrapolate the results from a study in a certain country to another country. The cities in countries differ in 

the first place in their structure and secondly every country has its own regulations. For example cities in 

The Netherlands (even the capital city) are small compared to cities in other countries and no toll needs to 

be paid to enter the city. This study contributes to the research done in the Netherlands and is relevant for 

Dutch cities. 

The management relevance is the relevance this study has for Lekkerland. It could help Lekkerland 

making strategic decisions. This study investigates how a UCC affects the current distribution of 

Lekkerland and whether Lekkerland should use a UCC from a third party or should operate one by itself.  
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4 Data Collection and Analysis 
In order to get more insight in Lekkerland, in this chapter a data collection and analysis are done. First the 

dataset is explained and analyzed; thereafter the focus of this research is discussed. We conclude with an 

explanation of the order frequency and why certain data is not included in the research.  

4.1 Dataset 

An excel file per DC is created by LEGMIS, the warehouse management system of Lekkerland, 

containing information about the daily orders from customer differentiated in stops. Customers place 

orders on (a) fixed day(s), but this does not have to be every week. The deliveries are on these fixed days 

and may consist of two separate stops. One stop contains ambient products and the other stop contains 

fresh products. Fresh products must be transported by a fresh vehicle, which has a cooled area as well as a 

frozen area. Ambient products can be transported by a normal vehicle. It is possible to transport ambient 

products in fresh vehicles, but not the other way around. The stop times and volumes in the file are 

averages of daily orders ''''''''' ''''''' ''''''''''''''''''''' '''''''''''''''''''' '''''''''''' '''''''''''' The stop time (in minutes) is the time of 

unloading goods at a stop and volume is the size of the order in roll containers (RCs). 

The stop times and volumes of each stop are averages of eight consecutive regular weeks. Consecutive 

means eight weeks in a row and regular means that the eight weeks do not contain holidays such as 

Eastern, Sinterklaas or Christmas ''''''' ''' ''''''''''''' ''''' '''''''''''''''''' ''''''''''''''''''' ''''''' ''''''''''''''''''' '''''''' '''''''''' '''''''''''' '''' ''''''''''''' 

''''''''''''' ''''''' ''''''''''''' ''''' '''''''''''' ''''''''' ''''''''''''' ''''''''''''' '''''''''''''''''''''''''' ''''''''''''''' '''''''''''''' '''''''''''''' '''''''''' ''''''''''' '''''''''''' ''''' ''' ''''''''''' 

The average stop time and volume are taken of the results from each of these eight weeks. Also the order 

frequency is based on eight consecutive regular weeks.  

The order frequency per order is calculated for each day in the week by summing the number of times the 

customer places an order in the eight weeks. The numbers could be different per day, because for example 

on Monday the customer places an order four times and on Thursday eight times, in the eight weeks. The 

customer gets for order frequency the code 4 on Monday and on Thursday the code 8 (the codes for order 

frequency are between 1 and 8). Also the average stop time and volume for each stop are calculated for 

each day in the week by dividing the total stop time and volume in the eight weeks by the order frequency 

on that day. For example the customer has the volumes and stop times stated in Table 4.1. The numbers 

on Monday are divided by four and on Thursday divided by eight. The general formula is as follows [1]: 

���	�∀	�� = ������
��������  [1] 

This calculation is done three times in a year and then the average is taken from these three results and 

this number is put in the data file.  

 Monday Thursday 
 Volume (RC) Stop time (min) Volume (RC) Stop time (min) 

Week 1 5 15 2 8 
Week 2   2 8 
Week 3 3 10 1 8 
Week 4 1.5 8 2 8 
Week 5   1.5 8 
Week 6   3 10 
Week 7 4 15 1 8 
Week 8   2 8 

Avg number 3.38 12.00 1.81 8.25 

Table 4.1: Example on how the volumes and stop times in de data set are achieved 
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From the data file just a part of the data is of interest for the project. In Appendix D a list is given with the 

data used in the project as well as an explanation of the structure of the dataset 

4.1.1 Analysis of the dataset 

In order to get more insight in the distribution of goods throughout The Netherlands per DC an analysis 

was done to the number of stops and the total volume of orders in cities. The results of this analysis are 

shown in Appendix E. The numbers in this table are averages and based on the whole customer 

population. The results show, based on the total volume of orders, that DC Waddinxveen supplies mainly 

large size cities while DC Son and DC Meppel supplies mainly medium and small size cities.  

'''''''''''''''''''''''''' ''' '''''' '''''''''''''''''''' '''''''''' '''''' '''''''''''''''''''''''''''' '''''''''''' ''''''''''' ''''''''''''''''''''''''' ''''''' '''''''''''''''' ''''''''' '''''''' '''''' '''''''' ''''' 

'''''''' ''''''''''''''' '''' '''''' ''''''''''''''''' Moreover, also for other companies Amsterdam is an important city, because 

much industry is in this city and for most companies the delivery of goods within this city is time 

consuming. Furthermore Amsterdam has many areas where trucks are only allowed between time 

windows or there is a maximum vehicle size restriction which mostly indicates that only small vehicles 

are allowed. Therefore, the focus in this research lies on Amsterdam. 

The focus is on the Low Emission Zone (LEZ) of Amsterdam as indicated in Figure 4.1, because this part 

is more congested and has limited space to unload compared to the outside areas. Furthermore time 

windows and vehicle size restriction applies mainly to this part of Amsterdam.  

 

Figure 4.1: Representation of the LEZ of Amsterdam 

The next section will give a more thorough insight in this low emission zone. 

4.2 Low Emission zone Amsterdam 

Table 4.2 gives an overview of the number of customers and stops, volumes and stop times in the LEZ of 

Amsterdam. These numbers differ from the results from the previous paragraph (these results are in 

Appendix F), because only customers located in the LEZ of Amsterdam are included and not all 

customers in Amsterdam. In Appendix G for each day the locations of the stops are shown in a map of the 

LEZ of Amsterdam.  
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'''''''''' '''' ''''''' '''''''''' 

'''''''''''''''''''''''''''''''' '''''''''''''''''''''''' ''''''''' ''''''''''''''''''' 
'''''''''' 

''''''''' '''''''' '''''''''' '''''''' '''''' '''''''' 

'''''''''''''''''''' '''''''''''''''''''' ''''' ''''''''''''''''''''''''''' '''''' '''''' '''''' ''''''' '''''' '''''' 

''''''''''''''''''' ''''''''''''''''''' '''' '''''''''''''' '''''' ''''''' '''''' '''''' '''''' '''''' 

''''''''''''''''''' ''''''''''''''''''''' ''''''''''' ''''''' '''''' '''''''''''' ''''''''''''''''''' ''''''''''''' '''''''''''''' '''''''''''''' '''''''''''' '''''' '''''''''''' 

'''''''''''''''''' ''''''''''''''''' '''''''''''''''''''' '''''' '''''''''''''''''' '''''''''''''''''' '''''''''''' '''''''''''''''' '''''''''''''' '''''''''''' ''''''''''''' ''''''''''''''''' ''' 

'''''''''''''''''''' ''''''''''''''''' '''''''''''''''''''''''' '''''' '''''''''''' ''''''''''''''''''''' '''''''''''' ''''''''''''''''' ''''''''''''''''' ''''''''''''''' ''''''''''''' ''''''''''''''''' 
'''''''''''''
' 

'''''''''''''''''' '''''''''''''''''' ''''''''''''''''''''''''''''''''''''''' '''''''''' ''''''''''''' '''''''''''''' '''''''''''' ''''''''''''' '''''''''''''' '''''''''' 

'''''''''''' ''''''''''' ''''''''''''''' ''''''' '''''''''' ''' ''''' ''''''' '''''''''''''''''''''' 

'''''''''''''''''' '''''''''''''''' ''''''''''''''''' '''''''' ''''''''''''''''' '''''''''''' '''''' '''''' ''''''' '''''' '''''' ''' 

''''''''''''''''''''' ''''''''''''''''''' '''''''''''''''' ''''''' '''''''''''''' '''''''''''' ''''''' '''''' '''''' '''''' '''''' ''''''' 

'''''''''''''''''''' '''''''''''''''''' '''''''''''''''''' ''''''''' ''''''''' ''''''''''''' '''''''''''''' '' '' '' '' '' '' 

''''''''''''''''''' '''''''''''''''' ''''''''''''''''''''' ''''''''''''''''''''' '''''''''''' '''''''''''''' 
''''''''''' 

'''''''''''''' '''''''''''' ''''''''''''' ''''''''''''' '''''''''''''' ''' 

'''''''''''''''''''' '''''''''''''''' '''''''''''''' '''''''''''''''''''''''' ''''''''''''' '''''''''''''' ''''''''''' '''''''''''' ''''''''''''' '''''''''''''' '''''''''''''' '''''''''''''' '''''''''''' 

'''''''''''''''''''' ''''''''''''''' '''''''''''''''''''''''''''''''''''' '''''''''''''''''''' '''''''''''' 
'''''''''''''' '''''''''''' 

'''''''''''''' '''''''''''''' '''''''''''' ''''''''''''' '''''''''''''' '''''''''' 

'''''''''' ''''''''''''''''''''''' 

''''''''''''''''''' '''''' '''''''''''''' '''''''''' ''''''''''''''''''''' '''''' ''''''''' ''''''' 
'''''''''''''''''''''''''''''''''''' '''''''''''' 

'''''' '''''' '''''' ''''''' '''''' ''' 

''''''''''''''''''''''' ''''''''''' ''''''' ''''''''''''''''''''''''''''''''''' ''''' 
'''''''''''''''''''''''''''''''''''''' 

'''''' '''''' '''''' '''''' '''''' '''''' 

Table 4.2: Characteristics of the LEZ of Amsterdam in terms of volumes and times  

From Table 4.2 appears that each day differs in number of stops and total volume. It cannot be assumed 

that every day is the same so each day has to be analyzed separately. The reason that the number of stops 

can be higher than the number of customers is because customers can be visited multiple times on a day. 

Ambient and fresh orders are then delivered separately and the customer has two stops. The LEZ of 

Amsterdam has ''''''''' large stops every day containing more than 20 roll containers. These '''''''' stops are 

the only stops having more than 20 RC and consist of around '''''''''''''''' of the total volume in LEZ 

Amsterdam. Due to the large volumes it is better to deliver them directly instead of through the UCC. 

These orders already fill a vehicle and it is therefore unnecessary to unload them first at the UCC and then 

load them into smaller vehicles. This only adds unnecessary load and unload time and does not decrease 

truck movement within Amsterdam but rather increase it since smaller vehicles are required to deliver 

these high volumes. The number of trucks that currently go into the LEZ is between '''''' and '''''' on a given 

day. To be clear, this does not mean that the full truck load is indicated for customers in Amsterdam. 

Most of the trucks just have one or two stops in LEZ of Amsterdam. To reduce the truck movement 

within LEZ of Amsterdam vehicles should contain more goods from customers located in Amsterdam. 

The distance from DC Waddinxveen to the centre of Amsterdam is 65 km.  

From Table 4.3, on the next page, can be concluded that most of the stops have a volume between 0 and 1 

roll container '''''''''''''''' ''''''''''''' ''''''''' ''''''''' ''''' '''''''' '''''''''''' '''''''''''' '''''' ''''''''''' ''''''''' ''''''''''''''''' '''''''''''' ''''' ''''''''''''''' ''' '''''''''' 

''''''''''''''' ''''''''''. Lekkerland has many stops with a small volume.  
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'''''''''''''' '''''''''' '''''' ''''''''''''''''''''' ''''' ''''''''''''' ''''''' ''''''''''' '''' 

′′′	′′′′′′′	′′′′′ '''''' '''''''''''''' 

′′′′′′′′′′′′′′′′	′′′′′′ ''' '''''''''''''''' 

′′′′′′′′′′′′′′′′′′	′′′′′ ''' '''''''''''''' 

′′′′′′′′′′′′′′′′	′′′′′				 '''''' ''''''''''''''''''' 

′′′′′′′′′′′′′	′′′′′ '''''' ''''''''''''''''' 

′′′′′′′′′′′′	′′′′′ '''''' '''''''''''''''' 

′′′′′′′′′′′′′′	′′′′′′ '''''' '''''''''''''''''''' 

′′′′′′′′′′′′	′′′′′′ ''''''''' '''''''''''''''''' 

Table 4.3: Analysis of the size of orders supplied to Amsterdam 

4.3 Order frequency 

As explained in section 4.1 each stop is classified on the basis of order frequency and a code 1 till 8 is 

assigned to that stop. However the software used within Lekkerland to create daily route schedules sees 

all selected stops as stops with code 8 even though it has code 1 to 7. Therefore the basis-schedule of a 

particular day includes stops which are not required every week. For example a stop with code 5 on 

Monday is not required three times in eight weeks, but this stop is seen by the software as required every 

week. In weeks when basis stops (code 5-7) do not have any orders can be complement with 

‘occasionally’ stops (code 1-4) that have orders. Therefore the decision was taken to leave out the 

customers with code 1 to 4 in the basis-planning. With basis-schedule is meant the planning that is 

generated by the software which should be adapted weekly to make it operational. To support this 

decision calculations have been done to calculate whether it is the right decision to leave out stops with 

code 1 to 4. The results are presented in Appendix H and show that is it the right decision to exclude the 

stops with code 1 till 4 Customers with code 5-7 are called ‘not included every week’ and customers with 

code 1-4 are called ‘occasionally included’. 

Both tables show that the number of stops with code 1-4 which occasionally must be included in the basis 

planning is lower than the number of stops with code 5-7 that occasionally must be excluded in the basis 

planning. This means that more stops will be removed from the basis-schedule than will be added. 

Therefore it might be that the length of the routes is slightly shorter in reality than is concluded in the 

project. The volumes and stop times of ‘not included every week’ are also higher for both ambient and 

fresh than the volumes and stop times of ‘occasionally included’. Overall it can be concluded that higher 

volumes and stop times as well as more stops will be used to make the basis planning which results in 

costs that will be slightly higher in the project than in reality.  

4.4 Conclusion 

The data file used for the study consists of averages of daily orders from eight consecutive weeks. The 

data rather varies per day and should be analyzed daily. A code is assigned to each stop which shows the 

order frequency. Each day only the stops that have an order 5, 6, 7 or 8 times in the eight week and 

located in the LEZ of Amsterdam are included in the analysis.   
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5 Research Method 
The aim of the research is to investigate the effects of a UCC on the supply of stores in terms of time 

levels and cost levels. Three scenarios are analyzed. The framework is explained in the next paragraph. 

Hereafter optimizations are done to imitate the routes when orders are delivered to the customers with or 

without passing the UCC. Next, the costs are calculated by using the results from the optimizations. 

Finally, to explore which factors may have an impact on the results, three sensitivity analyses are 

conducted.  

5.1 Scenarios 

Three possible scenarios for the delivery of the goods to the customers are analyzed. To compare the three 

scenarios with the current situation, one of them is based on the current distribution network. A detailed 

description of those scenarios will be given in section 5.3. 

Scenario 1: 

This variant is based on the current situation in which the goods are delivered to customers without going 

through the UCC (as depicted in Figure 5.1). Seven different types of vehicles, ''''''''''''''' '''''' ''''''' ''''''''''''''''' 

''''''''''''''' '''''''''' ''''' '''''''''''''''''''''''', are used for these deliveries. Each vehicle visits a number of customers one 

after the other and returns to the DC. This process is called ‘a route’ in the thesis. A vehicle can be used 

for another route if that vehicle is returned early.  

 
Figure 5.1: Graphical representation of logistics without using a UCC 

Scenario 2: 

In this scenario the logistic flows go through a UCC, which is operated by a third party, to the urban 

centre. Figure 5.2 is a graphical representation of this scenario.  

 
Figure 5.2: Graphical representation of logistics where BSS operates the UCC 

Lekkerland just delivers the goods to the UCC and outsources the ‘last mile’. ‘last mile’ in this report is 

defined as the deliveries from UCC to customers. For the outsourcing Lekkerland pays a fee to a third 

party. As explained in section 1.1.6. BSS has been chosen as the third party. Since there are various other 

companies able to do ‘last mile’ deliveries, this scenario is built up in such a way that it is easy to analyze 
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other third parties as well. In order to investigate whether the volume of orders that goes through the UCC 

has any effect on the optimal solution, the volumes are varied. Three sub-scenarios are investigated in 

which orders with ������ ≤ 3	
��, ������ ≤ 5	
�� and ������ ≤ 20	
�� go through the UCC and 

the remaining part of the orders goes to the customer without passing the UCC.  

Scenario 3: 

This scenario is equal to scenario 2, but in this simulation the UCC is not operated by a third party but by 

Lekkerland itself. The vehicles that are used for the ‘last mile’ delivery are owned by Lekkerland and the 

company does also the scheduling of the routes. Figure 5.3 gives a graphical representation of the new 

situation, as can be seen the ‘last mile’ arrow is not striped, to indicate that Lekkerland owns it. Just as in 

scenario 2, there are three scenarios by which the size of orders through the UCC is changed. Additionally 

three locations of the UCC are analyzed located in the outskirt of the LEZ or somewhere in the LEZ of 

Amsterdam. Finally, a financial overview is created where the costs of running a UCC are described.  

 
Figure 5.3: Graphical representation of logistics where UCC is totally operated by Lekkerland 

5.2 Software 

For the analysis commercial software and two Microsoft Access files are used. In this section these are 

discussed one by one.   

5.2.1 Intertour 

PTV Intertour is a commercial software solution for depot-related route planning and optimization. It 

plans various orders automatically in optimal routes where it takes all restrictions into account.  

Lekkerland uses Intertour in three ways; for strategic planning, tactical planning and operational 

monitoring of the planning. A data file with the information of all stops as well as the limitations and 

conditions is used to make daily schedules. For tactical and strategic planning the data file contains 

average order quantities and average stop times of eight regular weeks as discussed in section 4.1. Based 

on these historical data the standard route planning can be adapted on tactical level and the impact of 

changes to this standard route planning can be analyzed. For operational planning actual order quantities 

are imported in Intertour and based on these quantities a planning can be adjusted daily.  

In this study Intertour is used for strategic planning and hereby the data is modified for each scenario. 

GPS coordinates; vehicle restriction, block times and stop times are aspects that change in each scenario. 

Logic number, name of the customer, delivery day, order frequency and volume do not change. The 
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historical data combined with the modified data is used to predict future events at strategic level, in this 

case the decision whether to create a depot on the edge or in the middle of a city. By understanding the 

events and their impacts, better decisions can be made that cut costs or have operational advantages for 

the entire chain. 

Intertour is a useful tool, especially for strategic decisions, because it takes into account restrictions and 

factors that make routing a complex process. For operational planning, however, Intertour should only be 

used as an information tool and the routes created by Intertour must be adapted manually to fit in the 

current situation and also the routes must get a critical view. 

In Figure 5.4 a schematic overview of the input and output of Intertour is given. The input is split into 

data that is used to do calculations and data that serves as information. The latter could be numbers or 

text, but no calculations are done with this data. The stop time and the volume of a stop are input data that 

Intertour uses to perform calculations and needs for routing. Logistic number, name of customer, address, 

order frequency, current route number, is also input data, but serves as information for the user of 

Intertour, GPS coordinates, however, is input data that Intertour needs as information for routing, because 

these numbers give the locations of the customers. 

 

 
Figure 5.4: Schematic overview of the working of Intertour 

With the help of the input data Intertour makes route schedules, calculated on the basis of a digital road 

network. The types of roads in this network all have their own individual velocity profile. Intertour 

calculates the distances and driving times between all stops and between the stops and depots using the 

data from the digital road network. These distances and driving times are saved in a ‘distance matrix’. 

The exact algorithm used by Intertour is not known by Lekkerland. It can be interpreted as follows: a 

virtual circle can be drawn around the depot. Intertour schedules first the stops on the outside of the circle, 

the further away located stops, and continues in the direction of the depot. If possible, because of the 

restrictions than Intertour takes together a group of stops close to each other and tries to use the capacity 

of the vehicles as optimally as possible. This leads to a minimum number of vehicles having long routes 

with long driving time and long travel distance. This is clarified on the basis of an image (Figure 5.5). 

This algorithm aims to minimize the total length and total drive time of the routes. A depot in Intertour is 

the place where all routes start and end.  



 

 

Figure 5.5: Representation which shows the method that Intertour uses to schedule routes

A button called ‘after-optimization’ is included in Intertour and can be switch

improve the routes later on by switch

after which Intertour stops the optimization and gives the best solution until then.

option is used in all scenarios.  

The output are the routes assigned to each vehi

duration, total volume ambient and fr

Parameters 

There are several parameters in Intertour that can be 

related to the algorithm and which have

Intertour. The consultants guarantee that

settings. The parameters which are useful

5.2.2 Microsoft Office Access

This program is created by Intertour

imported into Intertour. As explained in 

'''''''''''''' The Microsoft Access file '''''''''''' '''''''''''''''''''' ''''' ''''''' ''''''''''' '''''''' '''''''''''''''''' ''''' ''''''''' '''''''''' ''''''''

information about the stop time and volumes to Intertour. It ensures that the stop time and

every row is not added together but t

volumes for one customer are the same in every row). Furthermore the access file ensures that when an 

ambient and fresh order is delivered together, this is seen as one stop even though the dat

several lines.  

5.2.3 Microsoft Office Access file 2

This program is designed in-house by Lekkerland. It 

Intertour and calculates the costs with the formulas programmed in the file. The results from I
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which shows the method that Intertour uses to schedule routes 

optimization’ is included in Intertour and can be switched on. This function tries to 

improve the routes later on by switching the stops. The user can indicate a calculation time (e.g. 1 minute) 

after which Intertour stops the optimization and gives the best solution until then. 

The output are the routes assigned to each vehicle, showing for each route the type of vehicle used, total 

duration, total volume ambient and fresh, total stop time, load factor and total number of kilometers. 

There are several parameters in Intertour that can be changed. The most crucial parameters direct

which have impact on routing, have been set by consultants working for 

consultants guarantee that Intertour gives the best results for Lekkerland

ameters which are useful to mention are listed in Appendix I. 

Access file 1 

Intertour and transposes the data from the data file in such a way

into Intertour. As explained in Appendix E ''''' '''''''' ''''''''' '''''' ''''''''' ''''''''' '''' '''''''''''''''' ''''''''''' ''''''''''''''' 

'''''''''''' '''''''''''''''''''' ''''' ''''''' ''''''''''' '''''''' '''''''''''''''''' ''''' ''''''''' '''''''''' ''''''''

information about the stop time and volumes to Intertour. It ensures that the stop time and

every row is not added together but that it is sent to Intertour once (in the data file the stop times and 

volumes for one customer are the same in every row). Furthermore the access file ensures that when an 

ambient and fresh order is delivered together, this is seen as one stop even though the dat

Access file 2 

house by Lekkerland. It reads the results that come from the 

with the formulas programmed in the file. The results from I

This function tries to 

ing the stops. The user can indicate a calculation time (e.g. 1 minute) 

 This optimization 

cle, showing for each route the type of vehicle used, total 

, load factor and total number of kilometers.  

The most crucial parameters directly 

impact on routing, have been set by consultants working for 

for Lekkerland with these 

a way that it can be 

''' '''''' ''''''''' ''''''''' '''' '''''''''''''''' ''''''''''' ''''''''''''''' 

'''''''''''' '''''''''''''''''''' ''''' ''''''' ''''''''''' '''''''' '''''''''''''''''' ''''' ''''''''' '''''''''' '''''''' send the right 

information about the stop time and volumes to Intertour. It ensures that the stop time and volume of 

(in the data file the stop times and 

volumes for one customer are the same in every row). Furthermore the access file ensures that when an 

ambient and fresh order is delivered together, this is seen as one stop even though the data file contains 

reads the results that come from the optimizations in 

with the formulas programmed in the file. The results from Intertour are 



 

20 

 

routes assigned to each vehicle with a specific length, volumes and times. The results are exported to a 

Microsoft Excel file. Then this file is imported in the Microsoft Access file. In the Microsoft Access file 

the results for each route separately can be seen as well as the results for all routes together. 

When a vehicle has more routes on a day this should be indicated in the Microsoft Access file manually 

by assigning the letter N (normal), E (first), T (in between), L (last) to a route. Furthermore it is possible 

to change the type of vehicle for a route. However in this thesis the latter option is not used.  

Parameters and formulas 

The information of a route consists of results from Intertour as well as new calculations. The results of a 

scenario are determined by adding all data from the separate routes together. These formulas can be found 

in Appendix J. 

The distribution costs consist of two types of costs: 

• Labor costs 

• Vehicle costs 

The labor costs are variable costs and are dependent on the number of working hours of the drivers. The 

vehicle costs consist of fuel costs, which is a variable cost. Furthermore the vehicle costs consist of lease 

costs. Lekkerland leases their vehicle fleet and therefore pays a fixed amount per month on vehicle costs. 

The lease costs contain fixed costs like, interest, depreciation, vehicle tax, insurance and variable cost like 

maintenance. In this project the lease costs that Lekkerland must pay each month are converted to 

variable costs per KM. Fuel and labor costs provide cost differences between the types of vehicles, but 

these costs make just a little distinction between the types of vehicles. In this study it is important to have 

a greater distinction in the types of vehicles; therefore the lease costs are also included as variable costs. 

The cost formulas for transportation are presented below. ‘F’ means fresh and ‘A’ means Ambient. Eight 

different types of vehicles are distinguished in this project.  

!���	"��#� = $���%#	�!	&����� ∗ 	()�"�	*�)	��#�)	&�����  [2] 

����%#	�!	&����� = 	 ∑�,-./01	23	4.	5607�890	:;<0	=>
?@@ ∗ "�%���*#��%	*�)	100	B�	5#C*�	D>�  [3] 

E�$��	"��#� = ∑�%��F�)	�!	B�	5��ℎ�"��	#C*�	D> ∗ ��$��	"��#	*�)	B�	5��ℎ�"��	#C*�	D>�  [4] 

E$F�)	"��#� = ∑�5�$F�)	ℎ��)�	H)���) 	I> ∗ �$�$)C	I� + ∑�5	�$F�)	ℎ��)�	H)���)	�> ∗ �$�$)C	�� [5] 

K�)B�%L	ℎ��)� = H)���	#��� + �#�*	#��� + �%��$H�%L	$%H	��$H�%L	#���	$#	&�  [6] 

There are three types of changeable parameters in Microsoft Access:  

1. Costs parameters 

a. Price per liter Diesel 

b. Salary of truck driver Ambient 

c. Salary of truck driver Fresh 

2. Vehicle fleet parameters 

a. Capacity per type of vehicle 

b. Total lease cost per month per type of vehicle 

c. Consumption of fuel per 100km per type of vehicle 
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3. Time parameters 

a. Loading time at the DC before each route 

b. Unloading time at the DC after each route 

c. Time in between two routes. This is only used when a vehicle has more than one route on 

a day. The time between these routes is for unloading, loading and taking the new 

documents. This parameter should be the same as what is used in Intertour.  

The price for fuel and the salary for truck drivers are the actual number that were applied at Lekkerland in 

May and are indicated in Table 5.1. The costs for the vehicle fleet, however, are averages based '''''' ''''''' 

'''''''''''''''' ''''''''''''''' ''''''''''' ''''' '''''''''''''''''''''''''' (Table 5.2). For every type of vehicle the variable costs per km 

coming from the lease contracts are listed and the average is taken from the ones that had approximately 

the same lease duration and number of kilometers (in Dutch: kilometrage). From the consumption of 

Diesel per 100 KM also the average is calculated. The values behind these calculations can be found in 

Appendix K.  

''''''''''' '''''''''''''''''''''  '''''' 

'''''''''''''' ''''''''''''' ''''''''''''''''''''' ''''''' ''''''''''' ''''''''''''' 

''''''''''''' ''''''''''''' ''''''''''''''' ''''''' '''''''''' '''''''''''''' 

'''''''''''''' '''''''''''' '''''''' '''''''''  '''''''''''' 

Table 5.1: Cost parameters 

Vehicle Fleet parameters 

Type of vehicle Capacity in RC Total cost per km (excl. 
fuel) [€] 

Liters diesel per 100 
km 

1. Solo truck Ambient  23 '''''''''' '''''''''''' 

2. Solo truck Ambient  33 '''''''''''' '''''''''''''' 

3. Tractor + semitrailer Ambient  45 '''''''''''' '''''''''''' 

4. Tractor + semitrailer Ambient  51 '''''''''' '''''''''''''' 

5. Solo truck Fresh  21 '''''''''' '''''''''''''' 

6. Solo truck Fresh  30 '''''''''''' ''''''''''''' 

7. Tractor + semitrailer Fresh  45 ''''''''''' '''''''''''''' 

8. Tractor + semitrailer Fresh  57 ''''''''''' ''''''''''''' 

    

Table 5.2: Parameters of vehicle fleet 

Time parameters 

Only for DC to customer and DC to UCC [hours] 

Loading at start of day at DC 1.00 

Unloading at end of day at DC 0.50 

Loading/unloading between two routes at DC 1.00 

Only for the ‘last mile’ deliveries [hours] 

Loading at start of day at UCC 0.50 

Unloading at end of day at UCC 0.25 

Loading/unloading between two routes at UCC 0.50 

Table 5.3: Time parameters 

The loading and unloading time per route are shown in Table 5.3. These numbers can be adjusted in 

Microsoft Access and are different at the DC and at the UCC. Even though the vehicles used for 
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deliveries from DC to customer and DC to UCC differ in size, an average number is taken which is the 

same for every route. Usually larger vehicles need more loading and unloading time than smaller 

vehicles, but in this study these times are equal. For all routes in the ‘last mile’, the average loading and 

unloading times are smaller, because the vehicles used for the ‘last mile’ are only small vehicles.  

5.3 Optimization Models 

In this section the scenarios from section 5.1 are explained in more detail. For each scenario the decisions 

as well as assumptions made are clarified. In scenario 2 and scenario 3 respectively one and two 

parameters have been changed to see the impact on the cost. The first parameter is the size of orders that 

go through the UCC and the second parameter is the geographic location of the UCC. 

The flow of goods and the role Lekkerland has in the transportation of those goods from one point to 

another might be different in the scenarios. In the first scenario the goods are transported directly to the 

customer. In the second scenario there is one flow of goods that goes directly to the customers and 

another flow of goods that goes to the UCC. This also applies for the third scenario but here the flow of 

goods from UCC to customer is done by Lekkerland itself and in the second scenario this is done by BSS. 

All these flows are analyzed separately, because the size of vehicles that are used differs in each logistic 

flow as well as the input data and cost parameters. 

For the simulations only the data from stops in the low emission zone of Amsterdam is selected and in 

each scenario it is determined whether the data of the stops should be adapted. Hereafter the data file is 

imported into Intertour.  

5.3.1 Scenario 1 

In this scenario just one simulation has to be done by which the orders are transported from DC to the 

customers not passing the UCC. It is important that the length and the duration of the routes are 

optimized. For these deliveries all types of vehicles from Table 5.2 may be used. Hereby it is important 

that the load factor is as high as possible. However in most of the routes it is highly likely that the truck 

load will be less than 100% because more vehicles might be needed because of time windows and vehicle 

restriction at the customer. Although the truck load is important in general, for this flow of goods it is less 

significant because when a schedule is made ready for use it is possible to add other customers to that 

route, which increases the load factor afterwards.  

5.3.2 Scenario 2 

In this scenario a consolidation centre is added to the distribution network which is operated by a third 

party. In this project it is assumed that BSS is the third party because of the reasons explained in section 

1.1.6. Therefore the UCC in this scenario has the same location as BSS Amsterdam. Optimizations should 

indicate what the effects are on the route schedules when an extra step is added to the distribution 

network.  

Sub-scenarios 

In the scenario, the size of the orders that go through the UCC are varied, therefore three sub-scenarios 

are investigated: 

• Only orders with ������	 ≤ 20 containers go through the UCC and the rest of the orders are 

delivered to the customers without passing the UCC. 
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• Only orders with	������	 ≤ 5 containers go through the UCC and the rest of the orders are 

delivered to the customers without passing the UCC. 

• Only orders with ������	 ≤ 3 containers go through the UCC and the rest of the orders are 

delivered to the customers without passing the UCC. 

The first option is related to small, medium and large size orders. This option is limited to orders with 20 

RCs since a full truck can carry 20 RC. It is better to deliver the large size orders directly instead of 

deliver them to the UCC first. No extra unloading and loading time at the UCC is then added. The second 

option is related to small and medium size orders. The last option is only about small size orders. The aim 

is to find out for which size of orders it is more attractive to use the UCC instead of supplying the orders 

directly to the customers.  

For the deliveries from DC to the UCC large vehicles with a capacity of 57 RC are used which are able to 

do multi-temperature deliveries. The reason to use a multi-temperature vehicle is that on some days in 

some scenarios the volume of orders to be delivered at BSS is small that the load factor would be small if 

large fresh and ambient vehicles are used both. In order to not drive with half empty vehicles to BSS the 

orders that do not fill a large vehicle for at least 90% are scheduled together with the orders that go to 

customers without going through the UCC. For these deliveries all vehicles from Table 5.2 can be used 

except the 57 RC vehicles (type 8) because this truck is not allowed in the LEZ of Amsterdam.  

Adjustments in dataset 

For this scenario some adjustment must be made to the dataset. The orders either go to the customers 

directly without passing the UCC or throuhg the UCC and therefore two logistic streams arise. For stops 

that receive the orders from the DC without passing the UCC the data in the data file does not change. 

The data in the dataset for orders that go to the BSS the data must be changed.  

Parameter  Explanations Before: Changed in: 

GPS 
coordinates 

This is the location 
of the stop 

GPS of location 
customer 

GPS coordinates of BSS Amsterdam 

Maximum 
vehicle size 
allowed 

The type of vehicle 
allowed at location 
of the stop 

The type of 
vehicle allowed 
at customer  

Type of vehicle allowed at BSS: All vehicles except Long 
Heavy Vehicles 

Stop times Unloading times for 
the stop 

Unloading stop 
at customers 

Unloading time at BSS: assume that is takes 1.5 minute 
per RC. The outcome is rounded up since Intertour is not 
able to read comma numbers. 

Block times The times between 
the orders can be 
delivered at the 
stop 

Time between 
the goods 
should be 
delivered at 
customer 

Between these times the goods must be delivered at BSS. 
Assumed opening time of BSS is 6AM This is start block 
time, because goods can be stored for couple of hours at 
BSS. The end of the block time is 1.5 hour before the 
original ending of the block time. For example the original 
block time is from 8AM till 2PM then it is changed into 
6AM till 12.30PM and original block time from 3PM till 5 
PM is changed into 6AM till 3.30PM.: 

Table 5.4: Adjustments in dataset for stops from which the goods must be delivered at BSS and no longer in the LEZ 

First of all the location of BSS differs from the location of the customer. Next to it there is no maximum 

vehicle size restriction at BSS and every type of vehicle is allowed. Furthermore the stop times and time 

windows should be adapted. It is easier to unload the goods at BSS than at a customer in the city, 

therefore, the stop times are lower. Furthermore, BSS should have sufficient time to deliver the goods 
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between the pre-determined block times at the customers; therefore the goods must be delivered at BSS 

on time. This leads to the adaptations in the data file, as indicated in Table 5.4. 

 

Fee Binnenstadservice 

The fees that Lekkerland must pay to BSS are based on the current fees. Since BSS does not deliver fresh 

goods yet they do not have prices for this. It is assumed that these fees are 25% higher than the fees for 

ambient products' '''''''''''''''' '''''''' ''''''''''''' '''' '''''''' '''''' ''''' ''''''''' ''''''''' ''''''''''''''''''' ''''''' '''''''''''''''''''''''''' ''''''''' ''''''''''' '''''''' '''''''' 

''''''''' '''''''''''''''' ''''''' ''''''''''' '''''''''' '''''''''''''''' '''''''' ''''''''''' ''''''''' '''''''''' '''''''''' '''' ''''''''''''''' A fee must be paid for every stop 

BSS must make. Three types of deliveries can be distinguished: 

• Stop = one box 

• The stop has more than one box and smaller or equal to one roll container (1	F�D	 < 	N#�*	 ≤ 1	
�) 

• The stop has more than one roll container (N#�* > 	1
�)	

Table 5.5 gives an overview of the prices per delivery type.  

Delivery type 
Ambient Fresh 

Fixed Variable Fixed Variable 
N#�*	 = 	1	F�D  ''''''''''''''  '''''''''''''''' 

1	F�D	 < 	N#�*	 ≤ 1	
�	  '''''''''''''''''  ''''''''''''''''' 
N#�* > 	1
�	 '''''''''''''''' '''''''''''' '''''''''''''''' ''''''''''''' 

Table 5.5: Fee charged by BSS 

5.3.3 Scenario 3 

This scenario is comparable with scenario 2 and only differs in sense of the ownership of the UCC which 

is not by a third party but by Lekkerland itself. Along with the variation in volumes that go through the 

UCC also three possible location of the UCC are investigated. The location of the UCC is one of the key 

success factors of a UCC.  

Sub scenarios 

Three locations have been analyzed (Figure 5.6): 

- Same location as BSS Amsterdam (number 4): these results from DC to the UCC are the same as 

scenario 2, only the ‘last mile’ deliveries must be scheduled.  

- Fenegastraat (number 5): This location is in the south of Amsterdam close to the highway.  

- Central railway station (number 6): ''''''''''' ''''''''''''''''' '''' '''''' '''''''' '''''''''''''''''''''' '''''''''' ''''''' ''''''' '''''''''''''''' 

''''''''''''''''' 



 

 

Figure 5.6: Three locations for the UCC of Lekkerland

Three sub-scenarios are about the volumes that go through the 

orders with ������	 ≤ 3 RCs go through the UCC,

- Only orders with ������	 ≤
- Only orders with ������	 ≤
- Only orders with ������	 ≤

Therefore, in total seven sub-scenarios will be 

The stops in the data file which go to the 

5.4); GPS coordinates, maximum vehicle size allowed, stop times and block times.

‘Last mile’ deliveries 

For the ‘last mile’ deliveries two types of vehicles

vehicles like busses for the ‘last mile’

the busses with a B-drivers license

there are some disadvantages leading to the decision that the 

small trucks.  

The disadvantages of using busses are:

1. With a B-drivers license one

tailgate). On average a roll container 

needed which is about 200 to 300KG

2. Because of the limited capacity the bus must be reloaded often to deliver all orders. It 

be useful when Lekkerland has to

3. If you want to transport more than 3500KG a

When an expensive driver is needed it is better to use small

drivers costs will be equal.  

For the simulation of the ‘last mile’

and ambient vehicles have a capacity of 23 containers. 

trucks is because there are more advantage
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: Three locations for the UCC of Lekkerland 

bout the volumes that go through the UCC. However, the scenario in which only 

RCs go through the UCC, is only analyzed for location 1:  

≤ 20 RCs go through UCC (location 1, 2 and 3) 

≤ 5 RCs go through UCC (location 1, 2 and 3) 

≤ 3 RCs go through UCC (location 1 only) 

scenarios will be examined. 

go to the UCC first should change in the same way as in scenario 2

; GPS coordinates, maximum vehicle size allowed, stop times and block times. 

two types of vehicles are used. At first the decision was 

‘last mile’ delivery because the driver is cheaper since it is possible to drive 

drivers license and secondly busses are more maneuverable than trucks. However 

here are some disadvantages leading to the decision that the ‘last mile’ deliveries should be done by

The disadvantages of using busses are: 

one can drive a car which is maximum 3500KG (including driver and 

erage a roll container weighs 275KG and to unload roll containers a tailgate is 

200 to 300KG. A bus has limited load capacity of 3500KG. 

Because of the limited capacity the bus must be reloaded often to deliver all orders. It 

be useful when Lekkerland has to transport ‘air’, goods with a low mass, such as tobacco. 

port more than 3500KG a driver who has a truck driver license

When an expensive driver is needed it is better to use small trucks with more capacity because the 

 

‘last mile’ small trucks are used. Fresh vehicles have a capacity of 21 containers 

a capacity of 23 containers. The decision to use small trucks instead of larger 

more advantages of small trucks over larger trucks in the city:

scenario in which only 

as in scenario 2 (Table 

 made to use small 

because the driver is cheaper since it is possible to drive 

than trucks. However 

deliveries should be done by 

can drive a car which is maximum 3500KG (including driver and 

and to unload roll containers a tailgate is 

of 3500KG.  

Because of the limited capacity the bus must be reloaded often to deliver all orders. It might only 

such as tobacco.  

license is required. 

ore capacity because the 

a capacity of 21 containers 

The decision to use small trucks instead of larger 

of small trucks over larger trucks in the city: 
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• The city centre of Amsterdam has a limitation in the maximum vehicle length of 10 meter. Larger 

trucks should be specially built for this restriction. Smaller trucks do not reach a length of 10 

meter anyway. Besides that they are more narrow and shorter. 

• Shorter turning radius 

• Lower cabin and therefore easier for the driver to step into the vehicle and step out of the vehicle. 

• Less expensive; it consumes less diesel per km because it is a smaller and lighter vehicle, lower 

lease price and cheaper to purchase accessories like for example ties. Next to that for vehicles 

weighting less than 12 tons no euro vignette is needed. 

The main disadvantage is that the capacity is limited compared to the bigger 18 ton trucks: The load 

capacity is 10 containers less for ambient trucks and 9 containers less for fresh trucks.  

For the ‘last mile’ delivery some data of stops in the LEZ of Amsterdam changed in the data file, as 

indicated in Table 5.6. 

 

Parameter  explanations Changed in: 

Block time 
from 

From this time the goods may 
be delivered at the customer 

All ‘block time from’ which contain a number between 6AM and 
6.29AM should be changed in 6.30AM, because the goods will be 
delivered at the UCC at the earliest 6AM 

Stop time Unloading time at the customer The original stop times will decrease on average with 25% 
because small vehicles are used compared with the current 
situation 

Table 5.6: Adjustments in dataset for ‘last mile’ deliveries 

The salary of the truck driver and the price for diesel stay the same. The loading and unloading times are 

less, because the trucks are smaller so it is faster to load and unload the containers. These numbers can be 

found in Table 5.1 and Table 5.3 in section 5.2.3. 

Financial overview UCC 

The transportation costs are variable cost and are calculated with the results from the optimizations. In 

this study the costs for the vehicle fleet are assumed as variable cost and are also calculated using the 

results from the optimizations.  

OPERATIONAL COST UCC LL 

 Debit Credit 

Transportation cost 

Fuel €   

Salary truck drivers €   

Total transportation cost  € 

Usage UCC (Service cost) 

Security    

Insurance    

Housing    

Building and infrastructure (Service cost) 

Maintenance    
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Total service cost per m2 (Euro)  €  

Size of the UCC (m2)  m2 

Total service cost   € 

Personnel costs 

Salary UCC personnel €   

Total personnel cost  €  

Vehicle Fleet 

Lease cost + road tax €   

   

Additional costs 

Total additional costs  €  

     

Total operational cost UCC €  € 

Table 5.7: Financial overview UCC 

The remainder of the operational costs is fixed and is shown in Table 5.7. The service costs are calculated 

by the size of the UCC. An amount of money per square meters is taken and is multiplied by the size of 

the UCC. The personnel costs are fixed amounts per year and are calculated on the basis of the number of 

employees working in the UCC. Furthermore there are some additional costs. This overview is different 

for each sub-scenario. The size of the UCC and the number of employees will change when more orders 

will go through the UCC as well as the transportation and vehicle fleet costs.  

In the results the variable costs will be split from the fixed costs, because the fixed costs will be much 

higher than variable cost. The variable costs are the transportation costs and the costs for the vehicle fleet. 

The remainders are fixed costs. If these costs will be added together than the effect of a UCC on the 

distribution costs cannot be compared in the three scenarios. To be able to compare the variable costs in 

the three scenarios these costs will be seen apart from the fixed costs for a UCC.  
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6 Results 
Before the results are given it must first be stated that the cost numbers we work with are not the exact 

cost number from the distribution network of Lekkerland. From the results appears for example that the 

costs decrease with 5%, this does not mean that the current distribution costs of Lekkerland decrease with 

5%. This can be best explained using four levels: 

1. Current results at Lekkerland: what actually happens  

2. The current situation based on the data from the warehouse management system simulated in 

Intertour, Intertour has an option called ‘standard routes’ which makes routes that only contain 

stops that have the same standard route numbers. The results from this simulation will be 

different from the actual results due to errors in the data set and decision from planners.  

3. Optimization of the current situation based on the data from the warehouse management in 

Intertour by using the ‘optimization’ button in Intertour. The current situation simulated in the 

previous step can be optimized and therefore the costs are lower than number 1. These results are 

the benchmark in the project (scenario 1). 

4. Optimization of several variants on the current situation by changing parameters and data 

(scenario 2 and 3).  

The results presented in the report are the effects the optimized variants (number 4) have on the optimized 

current situation (number 3). Besides, the differences between the optimized variants and the current 

situation are described. 

6.1 Impacts UCC on urban freight distribution 

In the report each scenario and sub-scenario is referred to as a number. Scenario 2 has three sub-scenarios 

referred to as 2.1, 2.2 and 2.3. Scenario 3 has seven sub-scenarios referred to as 3.1, 3.2, 3.3, 3.4, 3.5, 3.6 

and 3.7. These numbers will be used in this chapter. In Appendix L, the routes resulting from the various 

scenarios are presented on the map of the LEZ to visualize the routing. 

In the route optimizations the block times are taken into account and the routes are scheduled in such a 

way that all orders are delivered on time at the customer. When goods are delivered through the UCC 

they have a longer time of delivery. To be sure the orders are delivered at the customer between the block 

times, vehicles which include deliveries for the UCC have to leave the DC earlier than currently. The 

results show that more vehicles leave the DC in the early morning. Additionally these vehicles are needed 

at once and probably this leads to a higher number of vehicles that must be leased by Lekkerland. The 

goods must be on time at the UCC in order to give the operator of the UCC enough time to deliver the 

goods on time at the stores  

The use of a UCC increases the total drive time by a small amount. This results from the optimization of 

the ‘last mile’ deliveries in scenario 3. In some scenarios, however, the use of the UCC results in a 

reduction of the number of routes from the DC and the total drive time then is reduced by an even larger 

amount. The same applies for the number of kilometers. The stop times however give other results, which 

will be explained later in this paragraph. In Table 6.1 the results for various aspects on a Monday are 

depicted. 
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Results on Monday 

 Sub scenarios Number 
of 

 routes 

Number 
of routes 
‘last mile’ 

Drive time 
 [Hrs] 

Drive time 
 ‘last mile’ 

[hrs] 

Stop 
time 
[hrs] 

Stop 
time 
‘last 
mile’ 

[hours] 

KM KM  
‘last mile’ 

1 
 

''''  ''''''''''''''' '''''''' '''''''''''''''  ''''''''''''' '''''''' 

2 

2.1 P)H�)�	 ≤ 	20	
� 	 5  '''''''''''''' '''''''' ''''''''''''''' ''''''''''' 
''''''''' 

''''''''''''''' 
'''''''' '''''''' '''''''''''''''' 

2.2 P)H�)�	 ≤ 	5	
� 	 ''''  ''''''''''''' ''''''''' '''''''''''''''' ''''''''''' 
'''''''' 

''''''''''''''''' 
'''''''''''' '''''''' '''''''''''''''' 

2.3 P)H�)�	 ≤ 	3	
� 	 ''''  '''''''''''''' ''''''''' ''''''''''''''' ''''''''''''' 
''''''' 

''''''''''''''' 
''''''''''' '''''''' ''''''''''''''' 

3 

3.1 E�"$#��%	1	$%H	 ≤ 	20
� 	 ''' ''' ''''''''''''''' '''''''''''' ''''''''''' '''''''' '''''''''' '''''''' 

3.2 E�"$#��%	1	$%H	 ≤ 	5
� 	 ''' '''' ''''''''''''' '''''''''' ''''''''''' ''''''''' ''''''''''''' '''''' 

3.3 E�"$#��%	1	$%H	 ≤ 	3
� 	 ''' ''' ''''''''''''''' '''''''''' '''''''''''''' '''''''''''' ''''''''''' '''''' 

Table 6.1: Drive time and number of kilometers on Monday for the three scenarios 

The number of routes from DC in scenario 1 is '''''''''''' and the drive time, stop time and number of 

kilometers is respectively '''''''''''' hours, ''''''''''''' hours and ''''''''''''' KM. It is not fair to compare scenario 2 

with scenario 1, because scenario 2 does not contain the numbers for the ‘last mile’ delivery. In scenario 

3, only sub-scenario 3.3 has the same number of routes from DC as scenario 1. The total drive time, stop 

time and number of kilometers are ''''''''''''' hours, '''''''''''' hours and ''''''''''''' KM. The drive time and number 

of kilometers are higher, but the stop time is lower. In scenario 3.1 and 3.2 the number of routes from DC 

is smaller. The total drive time and number of kilometers are lower than in scenario 1, but the total stop 

time is higher. Even though the total number of routes including the ‘last mile’ is higher than in scenario 

1, the drive time and number of kilometers are lower.  

 

In conclusion, the use of a UCC, especially the ‘last mile’ deliveries, increases the total drive time and 

kilometers by a small amount, but due to the UCC the number of routes from the DC can be reduced and 

this leads to shorter drive time and smaller number of kilometers. The reduction of routes coming from a 

DC have more impact on the drive time and total length than the increase in ‘last mile’ deliveries, 

probably because of the length of these routes. The routes from a DC are much longer than the ‘last mile’ 

routes. And therefore the overall impact is a reduction of the total drive time and kilometers driven for 

scenario 3.1 and 3.2. 

Something else is happening for the stop time: the larger the volumes of orders that go through the UCC, 

the higher the stop times. This is because per RC that goes through the UCC the time to unload it and 

transfer it into another vehicle is additional stop time, which is included in scenario 2 and 3, but not in 

scenario 1.  

6.2 Total costs for the three scenarios 

The total costs per year for each scenario are presented in Table 6.2. In scenario 1 the goods are supplied 

to the customers bypassing the UCC, therefore the costs in the column ‘Deliveries from DC to UCC and 

customer’ are only costs for the deliveries to customer. In scenario 2 and 3 however, the costs for the 

supply of goods to the UCC are integrated with the costs for the supply of goods to customer without 

passing the UCC. These costs are integrated because the stops were scheduled together resulting in routes 

where vehicles go to the UCC as well as to the LEZ. For these types of routes it is difficult to determine 

which part of the costs belong to deliveries to the UCC and which part is due to deliveries to customer 
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who are not supplied through the UCC. Scenario 2 and 3 also contain routes that go only to the UCC and 

then back to the DC. These costs fully belong to the deliveries to a UCC.  

S
c
e
n

a
ri

o
 Sub scenarios Deliveries 

from DC 
to UCC 

and 
customer 

Total fee 
paid to 

BSS 

Financial 
and 

Managemen
t costs UCC 
Lekkerland 

‘last mile’ 
deliveries 

by 
Lekkerland 

Total cost per 
year 

% 
increase 

or 
decrease 

1 
 

''' ''''''''''''''''''' 
 

 
 

''' '''''''''''''''' - 

2 

2.1 P)H�)�	 ≤ 	20	
� 	 ''' '''''''''''''''''' ''' ''''''''''''''''''''  
 

''' '''''''''''''''' -2,84% 

2.2 P)H�)�	 ≤ 	5	
� 	 ''' '''''''''''''''''' ''' '''''''''''''''''''''  
 

'' ''''''''''''''' 0,05% 

2.3 P)H�)�	 ≤ 	3	
� 	 ''' '''''''''''''''''''' ''' ''''''''''''''''''''  
 

''' ''''''''''''''' 5,04% 

3 3.1 E�"$#��%	1	$%H	 ≤ 	20
� 	 ''' ''''''''''''''''''''' 
 

€ 154,000 ''' '''''''''''''''''' ''' ''''''''''''''''' 13,75% 

3.2 E�"$#��%	1	$%H	 ≤ 	5
� 	 ''' ''''''''''''''''''' 
 

€ 91,200 ''' '''''''''''''''''' ''' ''''''''''''''' 10,59% 

3.3 E�"$#��%	1	$%H	 ≤ 	3
� 	 ''' ''''''''''''''''''' 
 

€ 80,000 ''' ''''''''''''''''' ''' '''''''''''''''' 13,55% 

3.4 E�"$#��%	2	$%H	 ≤ 	20
� 	 ''' ''''''''''''''''' 
 

€ 154,000 ''' '''''''''''''''''' ''' ''''''''''''''' 15,91% 

3.5 E�"$#��%	2	$%H	 ≤ 	5
� 	 ''' '''''''''''''''''''' 
 

€ 91,200 ''' '''''''''''''''''''' ''' ''''''''''''''''' 12,02% 

3.6 E�"$#��%	3	$%H	 ≤ 	20
� 	 ''' '''''''''''''''''' 
 

€ 170,000 ''' ''''''''''''''''''' ''' '''''''''''''' 17,96% 

3.7 E�"$#��%	3	$%H	 ≤ 	5
� 	 ''' ''''''''''''''''''' 
 

€ 99,000 ''' '''''''''''''''''''' ''' '''''''''''''''' 12,62% 

Table 6.2: Total costs for each scenario (Euro) 

The costs in the column ‘Deliveries from DC to UCC and customer’ and the column ‘‘last mile’ 

deliveries’ comprise three cost-aspects: 

• Fuel costs; 

• Variable lease costs; 

• Labor costs. 

The costs in the column ‘Total fee paid to BSS’ are in the form of a fee charged by the operator of the 

UCC. The costs in the column ‘Financial and Management costs UCC Lekkerland’ are the financial and 

management costs of running the UCC, which are recurrent every year. 

Because the two logistic flows are integrated it is easy to see what happens with the number of routes, 

length of times, number of kilometers and total costs when a certain part of the orders must be delivered 

at the UCC instead of at the customer in the LEZ. The savings must be invested in the ‘last mile’ 

deliveries on the basis of a fee paid to the operator of the UCC or on the basis of deliveries from UCC to 

customers.  

6.3 Comparison scenario 1 and scenario 2 

The costs for scenario 1, €528.333, come close to the costs for the 3 sub-scenarios in scenario 2. The 

variant in which only orders with volume equal or smaller than 5 RC go through the UCC is equal to 

scenario 1. The variant in which orders with a volume equal or smaller than 20 RC go through the UCC 

has slightly lower costs (2.84%). Variant 2.3 has slightly higher costs than scenario 1 (4.2%).  

6.3.1 Number of routes 

The total numbers of routes is one of the aspects causing a change in costs between the two scenarios. The 

number of routes from the DC for scenario 1, 2.1, 2.2 and 2.3 are depicted in Table 6.3. In this table the 

routes from DC to UCC and back are distinguished from the routes going into the LEZ. The number of 

routes in scenario 1 is between '''''''' and '''''''''''. Exceptionally on Saturday there are ''''''''''' routes. This can 
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be reduced to '''''''''' or ''''''''' routes in scenario 2.1 which means that every day the total number of routes is 

reduced by 2 or 3. The main reason is that there are no vehicle restrictions at the UCC. Scenario 1 has to 

deal with many vehicle size restriction and goods must be scheduled in smaller vehicles. With the 

emerging of the UCC these orders can be merged in one larger vehicle. For scenario 2.2 the number of 

routes can be decreased with one or two and for scenario 2.3 with one, two or none. The costs also show 

that the more routes can be saved the lower the costs in the column ‘deliveries from DC to UCC and 

customer’ will be.  

 Days of the week 

Scenario Mon Tue Wed Thu Fri Sat 

To: LEZ UCC LEZ UCC LEZ UCC LEZ UCC LEZ UCC LEZ UCC 

1 '''  '''  '''  '''  '''  '''  

2.1 Orders ≤ 20 RC ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' 

2.2 Orders ≤ 5 RC ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' 

2.3 Orders ≤ 3 RC ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' 

Table 6.3: Total number of routes to the LEZ and to the UCC per day for scenario 1 and 2 

6.3.2 Drive time, stop time and number of kilometers 

The reduction in number of routes diminishes the total labor time and total length of routes. The labor 

time is related to the labor costs, where the length of routes is related to the fuel costs as well as the 

variable vehicle costs. From the costs exclusive the fees paid to BSS, in table 5.1, can be clearly seen that 

it saves money when the vehicles do not have to enter the city centre, however a part of these savings or 

all the savings must spent on fees to BSS. The cost exclusive the fees paid to BSS for scenario 2.1, 2.2 

and 2.3 is respectively €''''''''''''''''', €''''''''''''''''' and €''''''''''''''''''' in the contrary of €528.333 for scenario 1.  

Each saved route leads to an average of 2.2 hours decreased driving time and 145 km shortened in length. 

These numbers are taken from routes that go from DC into the city and not from DC to UCC. Bringing 

the goods to the UCC instead of into the city does not lead directly to a reduction in number of KM and 

driving time per route. When a vehicle goes to the UCC and back instead of making a round trip into the 

city this results in a decrease of around 10-15 KM in length and a decrease in driving time of around 15-

30 minutes. A UCC in scenario 2 especially leads to shorter stop times, because the unloading of goods at 

a UCC is less time consuming than the unloading of goods at the customer’s place. Routes that go into the 

city contain stops which have unloading times per RC, 2 till 3 times as high as routes that go to the BSS. 

A reason may be the limited unload facilities in urban areas and long distance between the parking place 

and the destination of the goods. Since BSS does the ‘last mile’ deliveries, for certain stops Lekkerland 

only has stop times at the UCC and not at the customers place anymore.  

6.3.3 Type of vehicles 

Vehicles with a load capacity of 57 RCs (type 8) are used for the deliveries to the UCC. To explain better 

how the costs of this type of vehicle are related to the other vehicles, Table 5.2 from chapter 5 is 

presented here again, but an extra column is added. In this table, which is now Table 6.4, the variable 

costs per kilometer as well as the consumption diesel per kilometer are given. The added column presets 

the extra costs or reduction in costs when a vehicle from scenario 1 is replaced by a type 8 vehicle in 

scenario 2 or 3. These extra costs or reduction in costs are calculated by taking the difference in the 

variable cost per km and the difference in fuel costs between type 8 and another type of vehicle and add 

these numbers together. If for example type 1 is replaced by a type 8 this costs €0.06 per kilometer more 
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(′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′′). The same holds when type 2 is replaced by type 8. But if 

type 5 is replaced by a type 8, then the costs decrease with €0.08.  

Type of vehicle 
Capacity 

in RC 
Total cost per 

km (excl. fuel) (€) 
Fuel cost 
per KM 

Extra costs or 
reduction in 
costs per km 

1. Solo truck Ambient 23 M* 23 '''''''''''' '''''''''' 0.06 

2. Solo truck Ambient 33 M* 33 '''''''''''' ''''''''''' 0.06 

3. Tractor + semitrailer Ambient 45 M* 45 ''''''''''' '''''''''' 0.10 

4. Tractor + semitrailer Ambient 51 M* 51 ''''''''''' '''''''''''' 0.08 

5. Solo truck Fresh 21 M* 21 ''''''''''' '''''''''''' -0.08 

6. Solo truck Fresh 30 M* 30 '''''''''' ''''''''''' -0.07 

7. Tractor + semitrailer Fresh 45 M* 45 '''''''''' '''''''''''' -0.01 

8. Tractor + semitrailer Fresh 57 M* 57 '''''''''''' '''''''''' - 

*M = allowed to enter Low Emission Zones     

Table 6.4: Extra cost or a reduction in costs per KM when a vehicle is replaced by a type 8 vehicle 

The volume on for example Monday in scenario 2.1 that goes through the UCC is 166 RC. These roll 

containers must be delivered by vehicle type number 1-7 in scenario 1, while in scenario 2.1 it is possible 

to use type 8 vehicles, which has a capacity of 57 RC’s, for deliveries to BSS. Where previously for 

example two medium size vehicles were required, this can be replaced by one large vehicle. The type 8 

vehicles can be only used for supplies from DC to UCC, because this type is not allowed in the LEZ. On 

the other hand routes to the LEZ may include orders for the BSS.  

When vehicles are replaced by a type 8 vehicle this influences the total cost because the total number of 

routes may be smaller as explained in the previous section. Additionally the fuel costs and variable 

vehicle costs changes even more. For the route of type 8 per KM the total costs is increased or decreased 

with the values in the last column of Table 6.4. Which part of the costs is due to extra cost when a vehicle 

is replaced by a type 8 vehicle is not easy to determine in the model. It is also difficult to determine with 

which amount the costs are reduced due to the replacement of vehicles. In conclusion, due to the 

replacement of vehicles by type 8, the total number of KM can be reduced, but the number of KM that 

still need to be driven by a type 8 vehicles has either higher or lower costs per KM than before.   

6.3.4 Fee Binnenstadservice 

For the ‘last mile’ delivery a fee must be paid to the owner of the UCC, in this case BSS. Since the total 

fee that must be paid is dependent on the volume of the orders going through the UCC. This means the 

higher the volume, the higher the fee. The fee in scenario 2.1 therefore is higher than scenario 2.2 and this 

is again higher than scenario 2.3.  

However what is not examined is whether the price schemes changes when orders with higher volume go 

through the UCC. Currently the prices are based on orders with volumes smaller or equal to 3 RCs go 

through the UCC. In scenario 2.1 and 2.2 also orders larger than 3 RC go through the UCC but the same 

prices per RC are used. It is likely that the price will increase in case larger orders go through BSS, 

because they probably need to expand their infrastructure. 

The fee in scenario 2.2 may not increase anymore since the costs are already the same as scenario 1. The 

fees in scenario 2.1 may increase with 14% until this scenario has the same total costs as scenario 1. 
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6.4 Comparison scenario 1 and scenario 3 

The costs for scenario 3 are split into three parts: the costs for deliveries to the UCC and customer, the 

financial and management costs of running the UCC and the costs for ‘last mile’ deliveries.  

6.4.1 Number of routes, drive time, stop time and number of kilometers 

The conclusions from the previous sections are also applicable to scenario 3. In the following list the 

conclusions are summarized in short, but are from the perspective of scenario 3: 

- The stop times in scenario 3 are around the same or even higher than the stop times in scenario 1, 

because of the extra stop time at the UCC. 

- If the number of routes from the DC is the same as in scenario 1 than the drive time and number 

of kilometers are slightly higher in scenario 3. If the number of routes coming from the DC is 

smaller than scenario 1 than the drive time and number of kilometers is reduced with a larger 

amount. The distance and drive time that is added due to ‘last mile’ deliveries are smaller than the 

distance and drive time that can be saved in routes coming from DC.   

- Extra costs or a reduction in costs per KM are the result of the use of type 8 vehicle.  

The savings in this scenario are invested in the ‘last mile’ delivery which is done by Lekkerland itself, 

instead of paying a fee to BSS. For all sub-scenarios in scenario 3 the savings are slightly higher than the 

cost for the ‘last mile’ deliveries, resulting in lower costs for scenario 3 than scenario 1. These costs are 

also lower than in scenario 2. The costs (excluding the financial and management costs of running the 

UCC) are depicted in Table 6.5. From these results it can be concluded that Lekkerland can do the ‘last 

''''''''''''' ''''''''''''''''''''''''''' ''''''''''''''''' ''''' '''''''''''' '''''' ''''''''''' '''''''' ''''''''' '''''''''''''' ''''''''' '''''''' '''''''' '''''''''' ''''' '''''''''' '''''''' ''''''''''' ''''''''''''''''''' 

'''''''' ''''''''''''''''''''''''''' ''''''''' ''''' ''''''''''''''''' ''' '''''''''' '''''''' ''''''' ''''''''''' ''''''''' '''''''''''''''' ''''' '''''''' ''''''''''''''''''''''''' 

Scenario  Sub scenarios Deliveries from 
DC to UCC and 

customer 

‘last mile’ 
deliveries by 
Lekkerland 

Total cost 
per year 

% increase 
or decrease 

1 
 

''' '''''''''''''''''''' 
 

''' ''''''''''''''' - 

3 

3.1 E�"$#��%	1	$%H	 ≤ 	20
� 	 ''' '''''''''''''''''''' ''' '''''''''''''''''''' ''' '''''''''''''''' -15% 

3.2 E�"$#��%	1	$%H	 ≤ 	5
� 	 ''' '''''''''''''''''' ''' ''''''''''''''''''' ''' ''''''''''''''' -7% 

3.3 E�"$#��%	1	$%H	 ≤ 	3
� 	 ''' '''''''''''''''''' ''' ''''''''''''''' ''' ''''''''''''''' -2% 

3.4 E�"$#��%	2	$%H	 ≤ 	20
� 	 ''' '''''''''''''''''''' ''' '''''''''''''''''' ''' ''''''''''''''' -13% 

3.5 E�"$#��%	2	$%H	 ≤ 	5
� 	 ''' ''''''''''''''''''' ''' '''''''''''''''''' ''' ''''''''''''''' -5% 

3.6 E�"$#��%	3	$%H	 ≤ 	20
� 	 ''' '''''''''''''''''''' ''' ''''''''''''''''''' ''' ''''''''''''''''' -14% 

3.7 E�"$#��%	3	$%H	 ≤ 	5
� 	 ''' '''''''''''''''''''' ''' '''''''''''''''''''' ''' '''''''''''''' -6% 

Table 6.5: Total costs excluding the financial and management costs of running the UCC 

However the operational costs for the UCC are high which increase the total costs per year with a large 

amount. Around 13 to 27 percent of the total costs in all sub-scenarios in scenario 3 are dedicated to the 

operational costs of the UCC. This results in relatively high yearly costs for scenario 3. In the next section 

the aspects of operating a UCC is further elaborated.  

6.4.2 Preconditions UCC 

The operational costs comprise several elements shown in Table 6.6. This table only contains the costs for 

running a UCC which are fixed costs to be paid every year. The values for fuel, salary and vehicle costs, 
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which are the variable costs, are not included. In this study the variable costs and the costs for running a 

UCC are used separately.  

 

 

OPERATIONAL COST UCC Lekkerland       

 Orders ≤ 20 RC Orders ≤ 5 RC Orders ≤ 3 RC 

 Debit Credit     

Transportation cost       

Fuel €       

Salary truck drivers €       

Total transportation cost From optimization From optimization From optimization 

Usage UCC (Service cost)       

Security        

Insurance        

Housing        

Building and infrastructure (Service 

cost) 
  

    

Maintenance        

Total service cost per m2 (Euro)  € 80  € 80  € 80 

Size of the UCC (m2)  800m2  390m2  250m2 

Total service cost   €64,000  €31,200  €20,000 

Personnel costs       

Salary UCC personnel €60,000   €30,000  €30,000  

Total personnel cost  €60,000  €30,000  €60,000 

Vehicle Fleet       

Lease cost + road tax €       

 From optimization From optimization From optimization 

Additional costs       

Total additional costs  € 30,000  €30,000  €30,000 

         

Total operational cost UCC   €154,000  €91,200  €80,000 

Table 6.6: Financial overview of the UCC for all sub-scenarios in scenario 3 

The distribution costs and costs for vehicle fleet result from the optimizations. These are the costs in 

Table 6.2 named as ‘deliveries from DC to UCC and customer’ and ‘‘last mile’ deliveries by Lekkerland’. 

The service costs (Usage of UCC and building and infrastructure) are based on the size of the UCC. The 

size of the UCC is dependent on the total volume that goes through the UCC and therefore differs in the 

sub-scenario is scenario 3. A rough calculation is done to determine the size of the UCC which takes into 

account unloading space, storage space and loading space. It turned out that 800m
2 

is needed with 

minimal 3 unloading docks and 4 loading docks for scenario 3.1, 390m2
 
with minimal 2 unloading and 3 

loading docks for scenario 3.2 and 250m
2
 with minimal 2 unloading and 2 loading docks for scenario 3.3. 
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The costs per m
2
 are dependent on the location of the UCC. Since location 3 is at the railway station in the 

centre of Amsterdam the price per m
2
 is higher than the other two locations €80 against €100 per m

2
. This 

results in higher financial and management costs of running a UCC in scenario 3.6 (€170,000 against 

€154,000) and in scenario 3.7 (€99,000 against €91,200). 

Two employees should work in the UCC in the scenario when orders less or equal than 20 RCs go 

through the UCC. For the other two variants it is sufficient when only one employee works in the UCC. 

The costs for one employee working in the UCC are €30,000 per year.  

Moreover the additional costs are €30,000 per year in each scenario. We assumed that these costs are not 

dependent on the size of the UCC and therefore these costs are the same in all scenarios.  

As shown in Table 6.7 the best option in scenario 3 exclusive the fixed costs for the UCC is sub-scenario 

3.1 and sub-scenario 3.6 is the second best option. If the costs for the UCC are added, however, the best 

option is 3.2 and second best is 3.5. This shift is on the first place because of the higher employee costs 

when all orders smaller or equal than 20 RC pass the UCC. Due to the high volume that comes in and out, 

two employees are required to regulate the activities within the UCC. This makes the sub-scenarios when 

orders smaller or equal to 5 RC more attractive. The second explanation is that the rent is more expensive 

for location 3 than for the other locations which makes location 1 and 2 more attractive since there is not 

much difference between the locations in the total distribution costs excl costs for UCC ''''''''''''''''''''' ''''' 

''''''''''''''''''''''' ''''''''''''''''' '''' '''''''''''''''''''' ''''''''' ''''''''''''''''''' ''''' ''''''''''''''''''''''' '' 

COST PER YEAR SCENARIO 3 

Sub scenarios Deliveries 
from DC to 
UCC and 
customer 

‘last mile’ 
deliveries by 
Lekkerland 

Total cost 
excl. costs 

UCC 

Financial and 
management 

costs UCC 
Lekkerland 

Total cost 
incl. costs 

UCC 

3.1 QRSTUVRW	X	TWY	 ≤ 	Z[\] 				 ''' ''''''''''''''''' ''' '''''''''''''''''' ''' ''''''''''''''' € 154,000 ''' '''''''''''''' 

3.2 QRSTUVRW	X	TWY	 ≤ 	^\] 				 ''' ''''''''''''''''''' ''' '''''''''''''''''' ''' ''''''''''''''' € 91,200 '' ''''''''''''''' 

3.3 QRSTUVRW	X	TWY	 ≤ 	_\] 				 ''' '''''''''''''''''''' ''' ''''''''''''''''' ''' '''''''''''''' € 80,000 ''' ''''''''''''''' 

3.4 QRSTUVRW	Z	TWY	 ≤ 	Z[\] 				 ''' '''''''''''''''''' ''' '''''''''''''''''' ''' ''''''''''''''' € 154,000 ''' ''''''''''''''' 

3.5 QRSTUVRW	Z	TWY	 ≤ 	^\] 				 ''' ''''''''''''''''''''' ''' ''''''''''''''''' ''' '''''''''''''' € 91,200 ''' ''''''''''''''' 

3.6 QRSTUVRW	_	TWY	 ≤ 	Z[\] 				 ''' ''''''''''''''''''''' ''' ''''''''''''''''' ''' '''''''''''''''' € 170,000 ''' ''''''''''''''' 

3.7 QRSTUVRW	_	TWY	 ≤ 	^\] 				 ''' '''''''''''''''''''' ''' '''''''''''''''''''' ''' '''''''''''''''' € 99,000 ''' '''''''''''''''' 

Table 6.7: Total costs for all sub-scenarios in scenario 3 

To conclude, the costs of managing the UCC are relatively high. In this calculation Lekkerland is the only 

party who finance the UCC. From the optimization it appears that the vehicles for the ‘last mile’ are 

mainly used in the morning and not in the afternoon because of time windows. In the afternoon nothing is 

happening in the UCC. There is capacity available both in the UCC and vehicles to distribute more goods. 

A solution to lower the fixed operational costs of the UCC is to deliver goods in the LEZ of Amsterdam 

from other companies and to ask a fee for the deliveries. 

6.4.3 Location UCC in scenario 3 

The location of the UCC is a factor that has an influence on the distribution costs and on the price to rent 

a square meter of floor. The effect of the rent price is already explained in the previous section; therefore 

this section discussed only the effects the locations have on the distribution costs.  



 

36 

 

The location of the UCC could be analyzed from two perspectives: 1) the geographical location of the 

UCC location and 2) UCC is located at the customer that has the largest orders (''''''''''''''' '''''''''''''''' '''''''''''''''' ''''' 

'''''''''''''''''''''''''').  

The geographical location affects the costs for the deliveries to UCC and the ‘last mile’ deliveries. It was 

decided to pick a location for the UCC somewhere in the LEZ or on the outskirt of the LEZ. Since the 

LEZ is a small area the UCCs are located close to each other and therefore the costs do not differ that 

much. The distance between DC and UCC and the type of roads used to reach the UCC are aspects that 

affect the number of km and the drive time to the UCC and have a bigger influence on the costs. The 

number of km is related to the fuel cost and variable lease cost and the drive time is related to the labor 

time. Location 1 and 2 can be reached via highways without using many local routes. Location 3, 

however, is in the city centre which is more difficult to reach. Therefore location 3 has the highest cost in 

the column ‘deliveries from DC to UCC and customer’. For the ‘last mile’ deliveries location 1 and 3 

have the lowest costs, because these are located closer to the centre of the LEZ (where the most stops are) 

than location 2.  

The delivery location of the '''''''' largest stops is the same as where the UCC is located ''''' '''''''''''''''''' ''''. The 

results in the previous paragraph are when these stops are seen apart from the UCC deliveries so that it is 

possible to compare the geographical location of the three options. The results in this paragraph are when 

these stops are scheduled together with the stops to the UCC for which the type 8 vehicle can be used. In 

the previous paragraph these '''''''' stops were scheduled with type 1-7 vehicles.  

Sub scenarios Deliveries from 
DC to UCC and 

customer 

Financial and 
management 

costs UCC 
Lekkerland 

‘last mile’ 
deliveries by 
Lekkerland 

Total cost 
per year 

3.1 QRSTUVRW	X	TWY	 ≤ 	Z[\] 				 ''' ''''''''''''''''''' € 154,000 ''' ''''''''''''''''''' ''' '''''''''''''''' 

3.4 QRSTUVRW	Z	TWY	 ≤ 	Z[\] 				 ''' '''''''''''''''''''' € 154,000 ''' ''''''''''''''''''''' ''' '''''''''''''''' 

3.6 QRSTUVRW	_	TWY	 ≤ 	Z[\] 				 ''' '''''''''''''''''' € 170,000 ''' ''''''''''''''''''' ''' ''''''''''''''' 

Table 6.8: Yearly costs when the UCC has the same location as the stop(s) with the largest volume  

From Table 6.8 can be concluded that this does not give major differences. The number of routes can be 

further reduced by 1 in one week, therefore the costs per year is decreased by around €5.000. An 

explanation of this small difference may be that these orders were already delivered by a larger type of 

vehicles with full truck load and therefore it makes no significant difference replacing the already large 

vehicles by type 8 vehicles (the extra cost or reduction in costs per KM can be seen in Table 6.4 in 6.3.3). 

Besides on days when the orders for these '''''''' stops were slightly smaller, the vehicles could be filled up 

with orders intended for the UCC, because at the railway station all size of vehicles are allowed. For 

example the ''''''''' stops have orders with '''''' RC and with ''''''RC and the volume to the UCC is ''''''''' RC. 

For the delivery to UCC '''''''' vehicles with capacity of 57 RC will be used. The remaining '''''' RC will be 

added to the ''''''''' stops for '''''''' '''''''''''''''' ''''''''''''''' for which ''''''''' vehicles with a capacity of 45 RC will be 

used.  
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7 Sensitivity Analysis 
In this section certain parameters are changed one by one while keeping the other parameters the same in 

order to see what happened with the optimal solution.  

Three situations are analyzed and in each situation one parameter is adjusted: 

- Distance between DC and city 

- Fuel costs 

- Restriction in type of vehicles in city centre 

7.1 Distance between DC and City 

In this analysis the distance between DC and the city, which is 65 KM, is extended with 25KM, 50KM, 

75KM 100KM and 150KM. All other factors stay the same also the type of vehicles. As the distance 

increase, then in all scenarios each route will be longer in number of kilometers and this leads to more 

consumption of fuel and longer drive time. This affects all type of costs; fuel cost, variable cost for 

vehicles and labor costs. It is assumed that the block times of all stops are achieved and that it still is 

possible to perform the routes on one day. In reality it might be that more vehicles are needed for the 

supply of LEZ of Amsterdam to achieve the delivery timeliness.  

To calculate the extra drive time, first the average speed is calculated using the results from the 

optimization models. For each day in all scenarios this is done separately by using equation 7. 

���)$L�	�*��H	*�)	H$C = :2:`9	90,a:7	23	`99	12-:0b
:2:`9	c1�60	:�.0   [7] 

For scenario 1 this is around ''''''''''''''' KM per hour and for the other two scenarios is this around ''''''''''''' KM 

per hour. The difference in average speed is because scenario 2 and 3 also contains routes going from DC 

to UCC and back in which mostly is driven on the highway. The extra drive time for each day in all 

scenarios is calculated using the following estimation: 

dD#)$	H)���	#��� = 	 e∗0=:1`	c�b:`,80
`601`a0	b<00c   [8] 

How the distance between DC and city influences the total costs can be seen in Table 7.1. The optimal 

solution changes already if the city is 25KM further away. It can be concluded that the use of the UCC 

provides better results than the current situation when the DC is further away from the city. Even the 

option by which Lekkerland manage their own UCC is getting more attractive as the distance increases, 

especially when many orders will be supplied to the customer by making use of a UCC.  

Scenario  Sub scenarios Current  
(65KM) 

+ 25KM +50KM +75KM +100KM +150KM 

1 
 

''' ''''''''''''''''''' ''' '''''''''''''''''' ''' '''''''''''''''''' ''' '''''''''''''''''' ''' ''''''''''''''''''' ''' '''''''''''''''''''''''' 

2 

P)H�)�	 ≤ 	20	
� 	 ''' ''''''''''''''''''''' ''' '''''''''''''''''''' ''' ''''''''''''''''' ''' ''''''''''''''''''' ''' '''''''''''''''''' ''' '''''''''''''''''''' 

P)H�)�	 ≤ 	5	
� 	 ''' '''''''''''''''''' ''' ''''''''''''''''''''' ''' '''''''''''''''''''' ''' '''''''''''''''''' ''' '''''''''''''''''''' ''' '''''''''''''''''' 

P)H�)�	 ≤ 	3	
� 	 ''' '''''''''''''''''' ''' ''''''''''''''''''''' ''' '''''''''''''''''''' ''' '''''''''''''''''''' ''' ''''''''''''''''''' ''' ''''''''''''''''''''' 

3 

E�"$#��%	1	$%H	 ≤ 	20
� 	 ''' '''''''''''''''''''' ''' ''''''''''''''''''' ''' '''''''''''''''''''' ''' ''''''''''''''''' ''' '''''''''''''''''''' ''' ''''''''''''''''''''' 

E�"$#��%	1	$%H	 ≤ 	5
� 	 ''' '''''''''''''''''' ''' '''''''''''''''''''' ''' ''''''''''''''''''' ''' ''''''''''''''''''' ''' ''''''''''''''''''''' ''' '''''''''''''''''''''''''' 

E�"$#��%	1	$%H	 ≤ 	3
� 	 ''' ''''''''''''''''''' ''' ''''''''''''''''' ''' ''''''''''''''''''' ''' ''''''''''''''''''' ''' ''''''''''''''''''''' ''' '''''''''''''''''''''''' 

Table 7.1: Total costs when distance between DC and city is varied  
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Scenario  Sub scenarios Current  
(65KM) 

+ 25KM +50KM +75KM +100KM +150KM 

1 
 

 

21% 42% 63% 84% 127% 

2 

P)H�)�	 ≤ 	20	
� 	
 

11% 24% 36% 49% 74% 

P)H�)�	 ≤ 	5	
� 	
 

12% 28% 43% 59% 79% 

P)H�)�	 ≤ 	3	
� 	
 

17% 34% 52% 70% 105% 

3 

E�"$#��%	1	$%H	 ≤ 	20
� 	
 

7% 13% 19% 24% 34% 

E�"$#��%	1	$%H	 ≤ 	5
� 	
 

9% 19% 30% 41% 63% 

E�"$#��%	1	$%H	 ≤ 	3
� 	
 

13% 27% 40% 54% 81% 

Change in percentage when distance between DC and city is varied 

7.2 Fuel costs 

Fuel price is an unpredictable parameter which may change daily. This parameter only affects the fuel 

costs. By increasing and decreasing the fuel price with 5%, 10% and 20%, the total costs change for all 

scenarios. The results in Table 7.2 show that the fuel price has a small effect on the optimal solution, 

although the costs increase or decrease more in scenario 1 than in the other two scenarios. When the fuel 

price decreases the option to use a UCC is getting less attractive and when the fuel price increases the 

UCC is getting more attractive. From a certain point the optimal solution resulting from this research will 

change, but then the fuel price should increase over 100% and this does not seem realistic.  

Scenario  Sub scenarios -20% -10% -5% Current 
 

+5% +10% +20% 

1 
 

''' 
''''''''''''''''''' 

''' '''''''''''''''''' 
''' 

''''''''''''''''''' 
''' 

'''''''''''''''''''' 
''' '''''''''''''''''' ''' ''''''''''''''''''''' ''' ''''''''''''''''''' 

2 

P)H�)�	 ≤ 	20	
� 	 ''' 
'''''''''''''''''''' 

''' 
'''''''''''''''''''' 

''' 
'''''''''''''''''''' 

''' 
'''''''''''''''''''' 

''' '''''''''''''''''''' ''' '''''''''''''''''' ''' '''''''''''''''''' 

P)H�)�	 ≤ 	5	
� 	 ''' '''''''''''''''''' ''' ''''''''''''''''' ''' ''''''''''''''''' 
''' 

'''''''''''''''''''' 
''' ''''''''''''''''''' ''' ''''''''''''''''''' ''' ''''''''''''''''''' 

P)H�)�	 ≤ 	3	
� 	 ''' 
''''''''''''''''''''' 

''' '''''''''''''''''' ''' '''''''''''''''''' 
''' 

'''''''''''''''''''' 
''' '''''''''''''''''''' ''' ''''''''''''''''''''' ''' ''''''''''''''''''''' 

3 

E�"$#��%	1	$%H	 ≤ 	20
� 	 ''' 
'''''''''''''''''''' 

''' 
''''''''''''''''''' 

''' 
''''''''''''''''''' 

''' 
''''''''''''''''''' 

''' 
''''''''''''''''''''' 

''' ''''''''''''''''''''' ''' ''''''''''''''''''' 

E�"$#��%	1	$%H	 ≤ 	5
� 	 ''' '''''''''''''''''' 
''' 

''''''''''''''''''''' 
''' 

''''''''''''''''''''' 
''' 

''''''''''''''''''''' 
''' ''''''''''''''''''' ''' ''''''''''''''''''' ''' ''''''''''''''''' 

E�"$#��%	1	$%H	 ≤ 	3
� 	 ''' 
''''''''''''''''''' 

''' 
'''''''''''''''''''' 

''' '''''''''''''''''' ''' '''''''''''''''''' ''' '''''''''''''''''' ''' '''''''''''''''''' ''' '''''''''''''''''''' 

Table 7.2: Total costs when the fuel price is varied 

Scenario  Sub scenarios -20% -10% -5% Current 
 

+5% +10% +20% 

1 
 -4% -2% -1%   1% 2% 4% 

2 

P)H�)�	 ≤ 	20	
� 	 -2% -1% -1%   1% 1% 2% 

P)H�)�	 ≤ 	5	
� 	 -3% -1% -1% 1% 1% 3% 

P)H�)�	 ≤ 	3	
� 	 -3% -2% -1%   1% 2% 3% 

3 

E�"$#��%	1	$%H	 ≤ 	20
� 	 -2% -1% 0%   0% 1% 2% 

E�"$#��%	1	$%H	 ≤ 	5
� 	 -3% -1% -1% 1% 1% 3% 

E�"$#��%	1	$%H	 ≤ 	3
� 	 -3% -1% -1%   1% 1% 3% 

Change in percentage when the fuel price is varied 
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7.3 Stricter regulations on types of vehicles in city centre 

It is likely that the government will set stricter regulations on the vehicle size which will to the allowance 

of only small vehicles in the LEZ of Amsterdam. This means that the same volume must be delivered by 

smaller type of vehicles. In scenario 1 all routes, except the ones which were already done by a small 

vehicle, must be rescheduled. For scenario 2 and 3 only the routes into the LEZ must be rescheduled. A 

large vehicle can still be used for deliveries to the UCC and therefore nothing will change for these 

routes. The use of smaller vehicles will result in an increase in the number of routes and this in turn leads 

to more kilometer, labor hours and increased costs.  

  Days of the week 

Scenario Sub scenario Mon Tue Wed Thu Fri Sat 

 Type: ''' ''' ''' ''' ''' '' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' 

1  ''' ''' 
 

''' ''' 
 

''' ''' 
 

''' '''  ''' '''  ''' '''  

2 and 3 P)H�)�	 ≤ 	20	
� 	 ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' 

 P)H�)�	 ≤ 	5	
� 	 ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' 

 P)H�)�	 ≤ 	3	
� 	 ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' ''' 

Table 7.3: Number of routes for three types of vehicles 

First the ambient volumes are scheduled into ambient vehicles. The orders that do not fill a full ambient 

vehicle are scheduled together with the fresh orders in fresh vehicles. Ambient vehicles have a capacity of 

23 RCs and fresh vehicles a capacity of 21 RCs. In Table 7.3 the number of routes for the three types of 

vehicles is presented; where type 1 is an ambient vehicle with load capacity of 23 RCs, type 2 is a fresh 

vehicle with capacity of 21 RCs and type 8 is a fresh vehicle with capacity of 57 RCs. The numbers come 

from manual calculations, by which average numbers are used. Scenario 2 and 3 will have the same 

number of routes to the UCC and customers and therefore are not distinguished. 

The next step is to calculate the length of the routes and the total labor time. In the calculations the block 

times are not taken into account. Furthermore, the average drive time and stop time is taken as well as the 

average number of kilometers per route. These averages are calculated from the results from the 

optimization models. Besides the vehicles are smaller and therefore the average loading and unloading 

time at DC is also adjusted. The parameters used in this analysis are presented in Table 7.4 

Parameter Value 

Average drive time per route (hours)				 ''''''''''''  

Average stop time per route (hours)				 '''''''''''' 

Average number of KM per route 				 '''''''''''''''''' 

Average loading time at DC (hours) 0.5 

Average unloading time at DC (hours) 0.25 

Table 7.4: Values of parameters used in this analysis 

The total costs for scenario 1 increase to €''''''''''''''''' (it was € '''''''''''''''''' from the optimization models), which 

is around 40% more (Table 7.5). The restriction in type of vehicle use is definitely a parameter that affects 

the optimal solution. Scenario 2.1 gives the best results and also the other sub-scenario from scenario 2 

are much better than scenario 1. Even the option where Lekkerland manage a UCC themselves is more 
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attractive than scenario 1. It appears that it is useful to consider the use of a UCC when the government 

draws up stricter rules on vehicle size.  

 

 

Scenar
io  

Sub scenarios Deliveries 
from DC to 
UCC and 
customer 

Total fee 
paid to 

BSS 

Financial 
and 

managem
ent costs 

UCC 
Lekkerlan

d 

‘last mile’ 
deliveries 

by 
Lekkerlan

d 

Total cost 
per year 

% 
increase 

or 
decrease 
in total 
costs 

1 
 

''' '''''''''''''''''  
  

'' '''''''''''''''' - 

2 

2.1 P)H�)�	 ≤ 	20	
� 	 ''' '''''''''''''''''' ''' ''''''''''''''''''' 
  

''' 
''''''''''''''''' 

-25,23% 

2.2 P)H�)�	 ≤ 	5	
� 	 ''' ''''''''''''''''' ''' '''''''''''''''''' 
  

''' 
''''''''''''''''' 

-20,02% 

2.3 P)H�)�	 ≤ 	3	
� 	 ''' ''''''''''''''''''''' ''' ''''''''''''''''' 
  

''' '''''''''''''' -17,68% 

3 

3.1 E�"$#��%	1	$%H	 ≤
	20
� 	 ''' ''''''''''''''''''' 

 
€ 154,000 ''' '''''''''''''''''''' 

'' 
''''''''''''''''' 

-13,38% 

3.2 E�"$#��%	1	$%H	 ≤
	5
� 	 ''' ''''''''''''''''''''' 

 
€ 91,200 ''' '''''''''''''''''''' 

''' 
''''''''''''''''' 

-12,49% 

3.3 E�"$#��%	1	$%H	 ≤
	3
� 	 ''' ''''''''''''''''''''' 

 
€ 80,000 ''' '''''''''''''''' ''' ''''''''''''''' -11,60% 

Table 7.5: Total costs when only small vehicles can do deliveries in LEZ, because of governmental regulations 
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8 Conclusions and recommendations  
The supply of customers in urban areas is a complex process due to vehicles restriction, and time 

windows, but is further complicated because of traffic jams, poor unloading facilities and the city 

infrastructure. Lekkerland wants more insight in new ways of supplying these customers and in this study 

the UCC initiative is investigated.  

In this chapter, first, the sub-research questions will be answered. This gives a conclusion on the results 

from chapter 6. Besides, a general conclusion can be presented which answers the general research 

question. Furthermore, there are some managerial insights arisen from this study which are not part of the 

research questions. These insights are given as further research and recommendation. 

8.1  Answers to the sub-research questions 

The research questions of this study were as follows: 

• What are the impacts on the total drive time, the total stop time, and the total length of routes when 

the distribution of goods to urban areas is done through a UCC? 

• What effect has a UCC on the truck movement in the urban area? 

• When is it interesting for freight carriers to distribute goods to urban areas through a UCC from a 

third party? 

• When is it interesting for freight carriers to develop their own UCC? 

• What are the preconditions of a UCC? 

• What factors must be considered when deciding whether the supply of stores in urban areas should go 

through a UCC?  

• Which factors affect the profitability of a UCC? 

When customers are supplied by the UCC and extra step is added to the supply chain, because the goods 

must be unloaded at the UCC and loaded into new type of vehicles. This increases the drive time as well 

as the number of kilometers. On the other hand by using the UCC the number of routes coming from the 

DC can be reduced, because the orders that must be supplied to the UCC can be add together in larger 

vehicles. The same volume, therefore, can be scheduled is fewer vehicles leading to fewer routes from 

DC to UCC and to LEZ. In scenario 3, the ‘last mile’ is done by Lekkerland itself and the total number of 

routes including the routes from DC to UCC and LEZ is therefore higher than scenario 1. The extra routes 

from the ‘last mile’, however, do not add more drive time and kilometer than what is reduced by the 

reduction in number of routes from the DC. Another aspect in which the UCC has influence, is the stop 

time. Unloading a vehicle at the UCC is less time consuming than for example at a customer located in a 

shopping area, because the facilities to unload are available and in shopping areas these facilities are 

limited. A reduction in stop time is seen in scenario 2, because BSS does the ‘last mile’ and has deal with 

the poor unloading facilities. In scenario 3 the stop time in some sub-scenario is higher, because extra 

unloading time and loading time is added to the total stop time. Especially when larger volume goes 

through the UCC, the stop time is higher than in scenario 1.  

The study took into account the service levels and restrictions and moreover tried to maximize the truck 

utilization. Only the number of truck movements in the LEZ of Amsterdam is not necessarily minimized 

by the use of a UCC. In the UCC the goods are transferred from large or medium size vehicles into small 

size vehicles. The same volume is transferred into smaller vehicles, which results in an increase in total 

vehicles going into the LEZ. The UCC however, ensures that these vehicles drive with full truck load into 
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the LEZ while this is mostly not the case when vehicles come from the DC. In reality, most vehicles that 

enter the LEZ of Amsterdam only have a few stops in the LEZ and therefore probably have lower truck 

load when they drive into the LEZ.  

The total cost show that the use of the UCC of a third party is most attractive when all orders smaller or 

equal than 20 RCs will be delivered at the customer through the UCC. This scenario has lower cost than 

scenario 1 and the other two sub-scenarios in scenario 2. The total costs for scenario 2 included a fee that 

must be paid to BSS. The fees that currently are used for the calculations are based on the current 

situation and hereby only orders ≤ 3 RCs are supplied to the customer using the UCC. It may be that 

prices will be lower or higher when larger orders go through BSS and this may change the optimal 

solution. In scenario 2.1 the prices for orders with a larger size than 3 RCs may rise 14% so that this 

scenario still has lower costs than scenario 1. The prices in scenario 2.2 may not increase, because this 

scenario already has the same costs as scenario 1. The costs for scenario 2.3 are slightly higher than the 

current situation and therefore it can be concluded that in this situation the total fee paid to BSS is higher 

than the saving which results through the use of BSS. 

In conclusion, the use of the BSS or a UCC from another third party is only interesting when the savings 

through the use of BSS (or other UCC) are higher or equal to the total fee that must be paid to BSS (or to 

another operator of a UCC). Besides BSS works with a policy where by the customer must approve to be 

supplied through the UCC which means that some customers of Lekkerland could refuse to be serve by 

BSS. In this study it was assumed that in scenario 2 all customers agree with this. It is likely that in the 

case that not all customers agree, this has an impact on the results from chapter 6.  

The results show that the especially the financial and management costs for running a UCC are high. And 

therefore it is not really profitable to operate one, when it only is used for goods from one company. The 

fixed cost, such as costs for usage, building and infrastructure, and salary, must be paid by one company. 

The results present also that most of the block times from stops in the LEZ of Amsterdam are in the 

morning. Therefore there is little to do in the UCC in the afternoon. To make scenario 3 an interesting 

option, a possibility is to use the capacity that has not been used yet to deliver goods from other 

companies. Another option is that the UCC can function as storage allowing the execution of multiple 

deliveries on one day. Lekkerland then, can anticipate on ‘just-in-time’ deliveries because this requires 

more frequent and smaller deliveries.  

In this study some decision regarding the UCC were made. Lekkerland and other companies who start 

thinking about developing a UCC should think about the following: 

- Location of the UCC 

- For which type of product the UCC should be built 

- Type of vehicles for the ‘last mile’ deliveries 

- Size of the UCC 

- Number of employees in the UCC 

Lekkerland should also make a financial overview of the UCC to see whether the UCC is cost-effective 

for Lekkerland. The types of costs related to a UCC are shown in Table 5.6 in the chapter 5.  

The optimizations from the scenarios provide an optimal solution discussed in chapter 6. This optimal 

solution is affected by several factors. Distance between DC and city and stricter regulations on the 

vehicle size have a big impact on the optimal solution. From the analysis can be concluded that the further 
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the DC is from the city the better the UCC initiative. The UCC is already a good alternative for urban 

distribution if the DC is 25KM further away from the city than is in the current situation. In the current 

situation the DC is around 65 km around from the city. Moreover the use of a UCC is worth considering 

if the government will only allow small vehicles into the LEZ of Amsterdam or in a large part of the LEZ. 

The total number of routes will increase, because the total volume must be scheduled in smaller vehicles 

than currently is the case. This leads to an increase in the total drive times and the total length of the 

routes. A relative unstable factor is the fuel prices and the price can change daily. The fuel price is only 

related to the number of kilometers. The optimal solution does not change when the fuel price increases or 

decreases with 5%, 10% or 20% (€''''''''''' is the price used during the optimizations). The costs increase 

and decease more than the other two scenarios and therefore it can be concluded that if the fuel price 

increases the UCC leads to more savings and becomes more attractive and when the fuel prices decreases 

the UCC leads to less savings and becomes less attractive.  

To conclude, in The Netherlands some cities are situated further away from the DC, such as Alkmaar 

(80KM), Groningen (90KM), Maastricht (90KM) and Middelburg (160). Three of them are around 25 

KM further away from the DC than Amsterdam is from DC Waddinxveen and Middelburg is around 

100KM further away. The UCC is already a good alternative for urban distribution if the DC is located 

90KM or more away from the city. Therefore, making use of the services of BSS would be an interesting 

option in Alkmaar, Groningen, Maastricht en Middelburg, but the extent to which the BSS is interesting, 

depends also on the total number of RCs that must be delivered in these cities. When the volume is small, 

then the current situation would be better and if the volumes are high enough then the use of BSS can 

reduce costs. Creating an own UCC in these cities would not be better than the current situation (in 

Middelburg the volume is too small). Furthermore it also depends on the maximum vehicle size allowed 

in these cities whether a UCC can provide a decrease in costs. Other regulation than in Amsterdam will 

apply in these cities. The number of routes will probably not reduce with the same amount as in 

Amsterdam.  

8.2 Answer to the general research question 

The general research question was as follows: 

Is the introduction of a UCC a cost-minimizing solution for urban freight distribution for Lekkerland, 

taking into account governmental regulations in urban areas? 

It can be concluded that the UCC is an initiative that can optimize the supply of stores in urban areas, but 

the extent to which the UCC leads to better results depends on several factors. In each situation these 

factors must be assessed first, before it can be concluded whether the UCC is good or bad for the results. 

The effect of the factors might be different in each situation and furthermore may be different for each 

company Factors for example are: the volumes for a city, the volumes that go through the UCC, the 

maximum vehicle size allowed at the UCC, the fee that must be paid to make use of the UCC, the number 

of customers that agree on getting their goods delivered by BSS, the distance between DC and city, the 

regulations in a city. Each city has different values for these factors making it difficult to extrapolate the 

results from this research to other cities. 

In this research decision and assumption were made regarding the factors discussed in the previous 

paragraph. This results in total costs for each scenario which can be seen in Table 8.1. 
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S
c
e
n

a
ri

o
 Sub scenarios Deliveries 

from DC 
to UCC 

and 
customer 

Total fee 
paid to 

BSS 

Financial 
and 

Managemen
t costs UCC 
Lekkerland 

‘last mile’ 
deliveries 

by 
Lekkerland 

Total cost 
per year 

 

1 
 

''' ''''''''''''''''' 
 

 
 

''' '''''''''''''' - 

2 

2.1 P)H�)�	 ≤ 	20	
� 	 ''' '''''''''''''''''''' ''' '''''''''''''''''''  
 

'' '''''''''''''''' -2,84% 

2.2 P)H�)�	 ≤ 	5	
� 	 ''' '''''''''''''''''''' ''' ''''''''''''''''''''  
 

''' 
'''''''''''''''' 

0,05% 

2.3 P)H�)�	 ≤ 	3	
� 	 ''' ''''''''''''''''''' ''' '''''''''''''''''''  
 

''' ''''''''''''''' 5,04% 

3 

3.1 E�"$#��%	1	$%H	 ≤ 	20
� 	 ''' '''''''''''''''''''' 
 

€ 154,000 ''' ''''''''''''''''''''' ''' '''''''''''''' 13,75% 

3.2 E�"$#��%	1	$%H	 ≤ 	5
� 	 ''' ''''''''''''''''' 
 

€ 91,200 ''' ''''''''''''''''' ''' ''''''''''''''' 10,59% 

3.3 E�"$#��%	1	$%H	 ≤ 	3
� 	 ''' ''''''''''''''''''' 
 

€ 80,000 ''' ''''''''''''''''' 
''' 

'''''''''''''''' 
13,55% 

3.4 E�"$#��%	2	$%H	 ≤ 	20
� 	 ''' '''''''''''''''''' 
 

€ 154,000 ''' ''''''''''''''''' 
''' 

'''''''''''''''' 
15,91% 

3.5 E�"$#��%	2	$%H	 ≤ 	5
� 	 ''' ''''''''''''''''''' 
 

€ 91,200 ''' ''''''''''''''''' ''' '''''''''''''' 12,02% 

3.6 E�"$#��%	3	$%H	 ≤ 	20
� 	 ''' ''''''''''''''''''' 
 

€ 170,000 ''' '''''''''''''''''''' ''' ''''''''''''''' 17,96% 

3.7 E�"$#��%	3	$%H	 ≤ 	5
� 	 ''' '''''''''''''''''''' 
 

€ 99,000 ''' ''''''''''''''''''''' ''' ''''''''''''''' 12,62% 

Table 8.1: Total costs for each scenario 

The conclusion from this table is that it is interesting to make use of the services from the BSS only when 

all orders �)H�)� ≤ 5	
� and all �)H�)� ≤ 20	
� to the LEZ of Amsterdam will go through the BSS. 

However if the fee charged by the BSS increases, than scenario 2.2 is not interesting anymore. If the fee 

increases with 14%, than the same applies for scenario 2.1. Scenario 1, which is based on the current 

situation, would be the best then. Developing an own UCC is currently not an interesting option, because 

there are better options for Lekkerland. The financial and management costs of running a UCC are 

relatively high and Lekkerland does not have ideas yet which make it possible to lower these costs. What 

cannot be concluded from Table 8.1, but also is a conclusion from this study; is that when the 

governmental regulation will be stricter in the LEZ of Amsterdam, a UCC is a cost-minimizing solution 

for urban freight distribution in Amsterdam.  

8.3 Further research and recommendations 

There are some managerial insights that have resulted from the analysis conducted. We recommend that 

Lekkerland gives attention to the following topics: 

8.3.1 Impact of volume on optimal solution 

A factor that would probably affect on the optimal solution is the volume of the orders to be supplied in 

the city. It is not directly investigated what will happen with the optimal solution when the size of current 

orders increase or decrease. It is indirect examined in the sub-scenarios in scenario 2 and 3, how the size 

of orders going through the UCC influences the total costs. The total volume through the UCC was 

smaller when this were only orders ≤ 3	
�� than if this were all orders ≤ 20	
��. But to examine the 

effects when the volume of the existing stops increase or decrease with a certain percentage, all the 

scenarios must be optimized again. If the volume changes, the volumes and the unloading times in the 

data set must be adjusted. Moreover it must be determined in each sub-scenario whether the customer still 

gets their order through the UCC when the volume increases or decreases. Intertour can be used to do the 

optimization and it is highly likely that other type of vehicles are determined than what has come from the 

current results. This probably affect the total number of routes, the drive time, labor time, total length of 
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the routes, consumption of fuel and the load factor. And this further affects all type of costs. The change 

in volume has effect on all logistic flows; the distribution of goods to UCC and customer as well as the 

‘last mile’ distribution. Besides it has effect on the fee paid to the operator of the UCC and at the total 

operational costs of the UCC and the size of it. To what extent the ratio of the costs between the scenarios 

changes, new routings must be generated from Intertour first. It would also be interesting to investigate 

what will happen when the volumes increase or decrease because of new customers or because existing 

customers leave.  

8.3.2 Ability of BSS to satisfy the requests of Lekkerland 

This study mainly does quantitative analysis. Qualitative research, however, can also give useful input to 

take decisions. With respect to the subject urban consolidation centre, qualitative research can be done to 

the capabilities of BSS, or another operator of a UCC, in doing the ‘last mile’ delivery. And to what 

extent the possibilities of BSS are in line with the services needed by Lekkerland. For example 

Lekkerland wants to outsource the ‘last mile’ of both ambient and fresh products. Lekkerland should first 

check whether this is possible at the UCC. Furthermore it should be investigated whether the products are 

delivered on time and the quality of these deliveries. Next to it, it is important that the relationship 

between the operator of the UCC and Lekkerland is of good quality. Lekkerland outsources the ‘last mile’ 

deliveries and therewith trusted the UCC that they do the deliveries in a correct way. Besides the 

customers receives the orders from the drivers from the UCC and not from Lekkerland which can turn out 

well or not.  

8.3.3 Organizational aspects involved in running a UCC 

Operating a UCC is more than just cost. Also organizational aspects as well as managerial aspects must 

be under control. This study only gives more insight in the costs of a UCC, but examine nothing of the 

other aspects. ‘How a UCC should be organized’ and ‘is the company able to manage a UCC’ are 

question for further research. Moreover the function of the UCC can be expanded with other functions 

than only transshipment. Another aspect that would be interesting to investigate is the impact of having a 

UCC on the service level for the customer. Do they get their orders earlier or later in the time window 

they allow? Another recommendation is further research on how the cost can be reduced further if 

Lekkerland negotiates an extension of the block times with the customers. 

8.3.4 Correct dataset  

Strategic decisions regarding routing are made using Intertour and the dataset is the fundamental of all 

analyzes. In order to get accurate output in Intertour, Lekkerland must be sure that all data is correct. Not 

only the average volumes and stop times, but also the restriction such as maximum vehicle type allowed 

at the stop, time windows and block times.  
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List of abbreviations 
 

BSS Binnenstadservice 

DC Distribution Center 

LEZ Low Emission Zone 

KG Kilogram 

KM Kilometer 

RC Roll container 

SWOT Strengths, Weaknesses, Opportunities and Threats 

UCC Urban Consolidation Center 
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Appendices 

Appendix A. Product assortment in each DC (confidential) 
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Appendix B. Vehicle fleet of Lekkerland (confidential) 
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Appendix C. SWOT Analysis about the UCC 

 Positive  Negative 

In
te

rn
a

l 

Strengths: 

• Reduction in restocking time in store 

• Better occupations rates of the vehicles  

• Minimum number of vehicles is entering the 

city centre. 

• Better planning and implementation of 

logistics operations 

• Theoretical cost benefits from contracting out 

“‘last mile’” delivery 

• Public relation benefits for participants 

• Environmental and social benefits  

Weaknesses: 

• High set-up costs 

• Additional step in the supply chain: increase 

delivery cost 

• Security 

• Difficult to handle the large range of goods 

• Difficulties with large deliveries 

• Organizational and contractual problems limit 

effectiveness 

• Loss of direct interface between supplier and 

customer 

• feelings of loss of control by shippers of the 

goods 

• Delays and disruption of information flows. 

E
x

te
rn

a
l 

Opportunities: 

• Switch from push to pull logistics through 

better control and visibility of the supply chain 

• Better inventory control, product availability 

and customer service 

• Link in with wider policy and regulatory 

initiatives 

• Allow better use of resources at delivery 

locations (pre-retail service) 

• Opportunity to carry out value-added 

activities (storage, pre-retail service) 

• Use of environmental friendly vehicles 

• Retailers can control the time at which goods 
are delivered to their stores 

Threats: 

• Potential to create monopolistic situation 

• Lack of enforcement of regulations for 

vehicles not included in the consolidation 

scheme 

• Job reduction 

• Limited potential scope (Much freight is 

already consolidated at the intra-company 

level) 

• To replace a large vehicle, more small 

vehicles are needed; this could increase the 

number of vehicles in the city centre. 

Appendix C – Table 6: SWOT-analysis. 
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Appendix D. The used data from the dataset of Lekkerland 

(confidential) 
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Appendix E. The structure of the dataset (confidential) 
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Appendix F. Stops and volumes of major cities in The Netherlands 

(confidential) 
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Appendix G. Location of the stops in LEZ Amsterdam (confidential) 
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Appendix H. Data about ‘frequent’ and ‘occasional’ stops 

(confidential) 
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Appendix I. Parameters in Intertour (confidential) 
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Appendix J. Formulas in Microsoft Access 

f�#$�	%��F�)	�!	�#�*� = 	 ∑ �#�*	*�)	)��#�  

f�#$�	%��F�)	�!	)��#�� = "��%#	%��F�)	�!	)�g�	!�)	�$"ℎ	�"�%$)��  

f�#$�	H)���	#��� = 	 ∑�c1�60	:�.0	<01	12-:0∗?hh@
i@ �  

f�#$�	�#�*	#���	$#	"��#���) = 	∑�b:2<:�.0	<01	12-:0∗?hh@
i@ �  

f�#$�	($��� = �j`-b0	<01	12-:0∗?@@
i@ �  

f�#$�	H�)$#��%	�!	)��#�� = f�#$�	H)���	#��� + #�#$�	�#�*	#��� + #�#$�	*$���  

f�#$�	��$H�%L	#��� = k��!	)��#�	ℎ$�	l	�)	d	#ℎ�%	 m#���	*$)$��#�)	��$H	#���m����	0�	 

f�#$�	#���	F�#g��%	#g�	)��#��
= k��!	)��#�	ℎ$�	d	�)	E	#ℎ�%	�0.5 ∗m #���	*$)$��#�)	F�#g��%	#g�	)��#��m�����	0�	 

f�#$�	�%��$H�%L	#��� = ∑��!	)��#�	ℎ$�	l	�)	E	#ℎ�%	 m#���	*$)$��#�)	�%��$H	#���m����	0�  

f�#$�	��%L#ℎ	�!	)��#�� = ∑ ��%L#ℎ	*�)	)��#�  

f�#$�	������ = ∑ #�#$�	������	$�F��%#	*�)	)��#� + ∑ #�#$�	������	!)��ℎ	*�)	)��#�  

&)���	N*��H = �2:`9	90,a:7	�,	o�
�2:`9	c1�60	:�.0	�,	72-1b  

E�$H	!$"#�) = 	 ∏ q29-.0	�,	12-:0
8`<`8�:;	23	607�890  
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Appendix K. Lease values of vehicle fleet Lekkerland (confidential) 

In these tables for each type of vehicle is presented the following: 

- Fixed lease costs 

- Euro vignette 

- Variable lease cost per kilometer 

- Duration of the lease contract 

- Kilometrage 

- Fuel consumptionThere are four remarks for the tables in this appendix:  
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Appendix L. Routes plotted on the map of LEZ Amsterdam 

(confidential)

 


