
 Eindhoven University of Technology

MASTER

Performance measurement system
analyzing distribution costs and service level for Bakkersland

van Zuilichem, L.M.H.

Award date:
2011

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/a3d91304-9163-4b8c-85de-c18b0166011c


 

 

 Eindhoven, July 2011 

 

 

 

 

 

 

 

 

 

 

BSc Business Economics – 2009 

Student identity number 0661902 

 

 

 

in partial fulfillment of the requirements for the degree of 

Master of Science 

in Operations Management and Logistics 

 

 

Supervisors: 

Dr. ir. R.A.C.M. Broekmeulen, TU/e, OPAC 

Dr. T. van Woensel, TU/e, OPAC 

P.F. Smarius, Bakkersland BV

Performance measurement system: 
Analyzing distribution costs and 
service level for Bakkersland 

by 

Leonie van Zuilichem 



 

 

 

TUE. School of Industrial Engineering. 

Series Master Theses Operations Management and Logistics 

 

 

 

 

 

Subject headings: performance measurement system, service levels, physical distribution costs  

 

 

 

 

  



 

I 
 

Management Summary 
 

At the company Bakkersland, they currently have a performance measurement system regarding the 
physical distribution costs, but this system cannot make a fair comparison because the outcomes of 
the performance measurement system are not normalized. Therefore, the bakeries cannot be 
benchmarked with each other regarding their performance. There are internal service level 
agreements which are not communicated towards the retail stores. The service level takes into 
account on delivery reliability which means a delivery must be on time and complete. However, the 
current performance measurement model does not integrate the physical distribution costs and the 
service levels. Bakkersland wants more insight in the performance between bakeries regarding the 
physical distribution costs and service level and they want to benchmark the bakeries. Hence, the 
following research question is stated: 

 

 

This project only takes into account the direct link between bakery and retail store and the delivery 
of fresh bread which is keepable for one day. Furthermore, only the transportation and unloading 
times at the retail stores are taken into account regarding the supply chain of bread. From the eight 
bakeries, all days except Sunday are taken into account and the planning’s data of week 5  is used. 
This data is the planning for a longer period. 

The objectives of this report are to establish useful measures for the performance measurement 
system, acquiring insights in the extent variables influence the physical distribution costs and service 
levels and to give recommendations to the company regarding the manner in which the physical 
distribution costs per bakery can be lowered. 

In literature various variables were found which influence the physical distribution costs. The 
variables were hosted under six more general variables to simplify the model. The six general 
variables are stop density, utilization, backhauling, service level agreements, congestion and retail 
specific production. For each variable a construct was defined, except for the variable service level.  
This is because the variable service level cannot be measured in costs, because Bakkersland does not 
use any penalties if a delivery is late.  

By adjusting each time one of the five variables,  the impact of a variable regarding the physical 
distribution costs are determined. Furthermore, the impact of this variable on the relation between 
the physical distribution costs and service level is investigated. Using a multivariate analysis, the 
significant influence of each variable with respect to the physical distribution costs are determined.  
The results show that the variables stop density, utilization and backhauling have a significant 
influence on the physical distribution costs.  The variables utilization, backhauling and congestion 
influence the variable stop density and therefore indirect the physical distribution costs.  

The calculations with respect to the physical distribution costs and service level and the outcomes of 
the multivariate analysis result in the following conclusions: 

To what amount can costs per bakery be lowered by acquiring more insight in performance, 
service level  and physical distribution costs? 
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- The ABC method gives more representative tariffs compared with the calculation method of 
Bakkersland 

- Reallocating retail stores leads to lower physical distribution costs while the service level can 
maintained 

- Increasing the utilization rate leads to lower physical distribution costs but as well to a lower 
service level if trucks cannot start earlier 

- No backhauling leads to lower physical distribution costs, but as well to a lower service level 
if trucks cannot start earlier 

- Both the route planning and the use of backhauling are used to cover the congestion delay 
- On average 6% of the physical distribution costs can be lowered when having a stop density 

of 2,5 customers per 100 km2, a utilization rate of 70% and when backhauls are not allowed.  
 

The following recommendations are stated for Bakkersland, to lower the physical distribution 
costs while maintaining the current service level 
 
- Reallocate the customers to obtain a better customer distribution and distribution area per 

bakery   
- Increase the utilization rate of a truck  and acquire more access to storage rooms 
- Prohibit backhauls, invest in new trucks, acquire more access to storage rooms or make the 

route planning more efficient. 

If more access to the storage rooms is not possible, we recommend Bakkersland to: 

- make a trade-off between allowing backhauls/ remain the same utilization rates and 
maintain the current service level or lower the service level and acquire physical distribution 
cost savings 

And last, we recommend Bakkersland to 

- Review the current calculation method and base it more on the ABC methodology or only 
use the ABC methodology 

- Acquire the actual execution data from the logistic service providers or invest in board 
computers  
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1. Company Introduction 
This chapter provides a short description of the company and how they plan routes and execute the 
physical distribution process. Furthermore, the service level agreements Bakkersland has established 
are shortly described as well as the manner in which the physical distribution costs are currently 
calculated.  Last, an overview of the report structure is given. 
 

1.1. Company description 
Bakkersland is a company merged from ten family businesses in the bakery world in 1999. After 
acquisitions in 2002, Bakkersland consists of 18 bakeries and 2200 employees and is the biggest 
company in bakery products in the Netherlands. Bakkersland is active in production, distribution and 
supply of bread, banquet and pastry. Bakkersland has an assortment that exists of daily fresh bread, 
specialties, bake off products for retailers, home bake off products and pastry.  Most of their 
products are sold in the Netherlands, but Bakkersland has selling partners in more than twenty 
countries. The company is owned by Parcom Capital, an investment company from ING. 

Bakkersland is divided in four divisions; Retail, AH, Shop bake off and Home bake off. Daily fresh 
bread and specialties are produced at eleven bakeries of Bakkersland. The other bakeries make home 
bake off, shop bake off and pastry. The product range consists of 900 SKU of bread, 500 SKU of small 
bread, 400 SKU of shop bake off, 250 SKU of home bake off and 400 SKU of pastry. Daily fresh 
products are distributed directly to the retail stores, distribution center or to another bakery. Per 
week around 1200 retail shops are served by Bakkersland. There are five bakeries part of the Retail 
division which serve Aldi, C1000, Jan Linders, Jumbo, Nettorama, Plus, Poiesz and some other small 
retail shops. Each bakery in the retail division produces for several retailers, but three of the five 
bakeries produce retail specific for one retailer as well. This means bread from Nettorama only can 
be produced in bakery 1, but this bakery can produce as well for other retailers. There are six 
bakeries part of the AH division which serve only the AH retail shops.  

The core business of Bakkersland is producing bread and take care of the physical distribution 
planning. The physical distribution costs contain the payments to the four logistic service providers 
which take care of the deliveries.  The logistic service providers receive the route planning of the 
planner of the bakery and they have to make a complete and on time delivery and establish a 98% 
deliver reliability (service level agreement). 
 

1.2. Planning process 
Every bakery has its own service area with retail stores. On average, for 20% of the retail stores there 
is access to the key of the storage room, which means that a delivery can take place without 
somebody of the retail store is present. 30% of the retail stores deal with community or retail store 
restrictions, which means only deliveries can take place between 7 and 8 am. The other 50% of the 
retail stores can be delivered between 6 and 8 am. The planners start their route planning with the 
30% retail stores which have restrictions. Secondly, the retail stores which can be delivered between 
6 and 8 am are scheduled and finally, the retail stores with access of a key are scheduled. 
Furthermore they have to take into account road characteristics and congestion pressure. The 
planner tries to acquire the lowest amount of kilometers, taken into account the time windows. The 
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planning is made for a longer time period and each retail store preferably is delivered each day at the 
same time by the same truck driver. The planning of the routes between bakeries or the distribution 
center is fixed as well over a longer period.  

When a retail store becomes a customer of Bakkersland, the retail store can choose between two 
delivery time windows stated by the planner. If a retail store changes from name (Super de boer 
store becomes Jumbo store), and becomes a customer of Bakkersland, the manager of the retail 
store can decide which delivery time window he wants. The planner tries to adjust a current route or 
add another truck. Commercial interests come first in this case. A planner can choose to make use of 
backhauls to facilitate unloading and all deliveries are made on time. Another possibility they use to 
increase the on time deliveries, is to make use of an express courier for some deliveries in a route.  
 

1.3. Physical distribution process 
At Bakkersland there are different transportation links. Figure 1 shows the three links which are part 
of the distribution process of the daily fresh bakeries. The first link consists of a direct transportation 
link between the bakery and the retail store. At Bakkersland each bakery produces a specialty, which 
is delivered to the other bakeries after cross docking at the distribution center. This is shown in the 
second link in figure 1. The last link is the direct link between two bakeries. This link is used when a 
full truck of bread can be exchanged between two bakeries. For bake off and pastry there is 
transportation link between bakeries and between the bakery and the distribution center of the 
customer. 

The distribution process starts when a truck arrives 
at the bakery. The truck driver parks at the dock, 
picks up the route details and loads his truck. Next, 
the truck driver drives to his service area,  makes a 
stop at the retail shop/ distribution center/ other 
bakery and unload the goods. When a delivery is 
made at a retail store, the delivery must take place 
in the stated time window. After the delivery, the 
truck driver drives to the next retail store for a 
delivery or backhaul or he returns back to the bakery 
to unload the empty crates. If a delivery takes place      Figure 1: Overview physical distribution links 
at the cross dock center or other bakery, the truck  
driver unloads the bread, specialties and loads specialties of the other bakery or empty crates and 
returns back to his own bakery. 

There are three types of trucks that are used for the physical distribution. The difference between 
the trucks is the capacity. The smallest truck has a capacity of 60 VEH, the largest truck has a capacity 
of 93 VEH and the truck in between has 75 VEH. It depends on the logistic service provider and the 
volume that has to be delivered per route which type of truck is used.  
 

1.4. Service level  
Bakkersland most important service level is deliver reliability with the underlying service levels 
completeness and timeliness. Completeness is described by Bakkersland as ‘the delivery of the exact 
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amount of the right goods’ Bakkersland calculates this by the amount of orders that are complete 
and correctly delivered per week divided by the total number of delivered orders per week, 
multiplied by 100. Note however that if the amount of bread is the same as ordered, although the 
amount per type of bread differs from ordered, a delivery still is complete. Timeliness is according to 
Bakkersland ‘the delivery within a determined time window’ and is measured by the amount of 
deliveries which are delivered before or after 10 minutes of the time on the delivery note. Both 
service levels must be 98%. 

Bakkersland has stated internal service levels; they are not shared with the retail stores. The service 
levels are currently calculated with the planned data. Bakkersland started with timeliness studies for 
the AH division to acquire more insights in the service level of the actual data. 
 

1.5. Physical distribution costs 
The physical distribution is outsourced to four logistic service providers. The payments to the logistic 
service providers depend on the amount of kilometers and time the service provider makes per 
week. Furthermore, extra costs can occur if a service provider has to pay customs. The kilometers, 
travel and (un)loading times are multiplied by the tariffs, which are calculated by the logistic 
manager once per year. The tariffs can be slightly adjusted during the negotiation between the 
logistic manager and the logistic service providers.  
 

1.6. Report structure  
Chapter two contains the research introduction. Here the problem definition and proposition are 
stated, as well as the project scope. This chapter contains as well a short literature review, a 
conceptual model, hypotheses and constructs. Last, it described which methodology and design are 
used and what the contribution of this report is to literature. Chapter three describes the data 
collection and how the data is adjusted. The model building is mentioned in chapter four. First 
formulas are established which are used for the calculations. These calculations show if an 
adjustment in a variable leads to a change in the physical distribution costs. In chapter five, the 
impact of the variables on the relation between physical distribution costs and service level is 
calculated or discussed. Thereafter, chapter six reveals which variables have a significant influence on 
the physical distribution costs. The last chapter, chapter seven, contains the conclusions, 
recommendations, limitations and subjects for further research.  
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2. Research Introduction 
This chapter explains the motive for this research, states the research question and objectives. 
Furthermore, the scope and boundaries are provided, as well as the research design and 
methodology. Last, the contribution to literature and the practical relevance are underlined. 
 

2.1. Problem definition    
Currently, there is a lack of knowledge about the physical distribution performance of the bakeries at 
Bakkersland. Bakkersland has a performance measurement system regarding the physical 
distribution costs which calculates the cost per customer and the cost per route. However, this 
system cannot make a fair comparison between the physical distribution costs of the mutual bakeries 
because the performance system does not normalize. Therefore the bakeries cannot be 
benchmarked with each other regarding the physical distribution costs.  There are internal service 
level agreements, but  the current performance measurement model does not integrate the physical 
distribution costs and the service levels. This problem definition leads to the following problem 
statement: 

 

 

 

 
 

2.2. Problem proposition 
The problem proposition contains two parts; the research objectives of this report and the general 
research question. 

The objectives of this report are: 

- Find out which variables influence the physical distribution costs 
- Acquire insights in the extent variables influence the physical distribution costs 
- Acquire insights in the extent variables influence the relation between the physical 

distribution costs and service level 
- Give recommendations to Bakkersland regarding the manner to lower the physical 

distribution costs while satisfying the service level 

This report wants to answer the following research question: 

 

 
 
 

Analyze the physical distribution process of the daily fresh bakeries to acquire insights in the 
physical distribution costs and service level per bakery. Furthermore, use these outcomes and 
insights  to benchmark the eleven bakeries and derive recommendations on how costs per bakery 
can be lowered while satisfying the service level agreements.  

 

To what amount can costs per bakery be lowered by acquiring more insight in performance, service 
level  and physical distribution costs? 
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2.3. Project scope  
The scope of this report is the physical distribution costs and service level of the eleven daily fresh 
bakeries of Bakkersland. Only the direct transportation link between the bakery and retail shops is 
taken into account. The other transportation links between bakeries or between a bakery and the 
cross dock center in Nieuwegein and therefore out of scope. The physical distribution process taken 
into account contains the transportation and unloading time at the retail shop. The performance of a 
bakery is based on the costs each bakery makes, which are based on calculations and the according 
service level. From the two underlying SLA’s of delivery reliability only the SLA on time delivery is 
taken into account because completeness cannot be influenced by the transportation process. Only 
the planning data of week 5 is taken into account, this is the route planning for a longer period. This 
report takes into account the deliveries made on all weekdays, except Sunday. The bread which is 
delivered is only keepable for one day. Last, only secondary data, provided by Bakkersland is used for 
this research. 
 

2.4. Short literature review 
A good performance measurement system is necessary to determine the efficiency and the 
effectiveness of a single productive system or to compare competing alternative systems (Beamon, 
1996). Mentzer and Konrad (1991) state that the essence of a performance measurement is an 
analysis of both effectiveness and efficiency in accomplishing a task. Efficiency is the actual use of 
some company resources contrasted to an amount budgeted, planned or standard amount used and 
effectiveness contains the dual goal criteria of cost and customer-service levels and should be part of 
the standard output value (Mentzer and Konrad, 1991). Schefczyk (1992) mentions that a 
performance analysis is a process that is used to evaluate the cost efficiency, reliability and time 
aspects of corporate management and design and can be used to improve these activities.  

Benchmarking is a technique for supporting logistics strategic management: it is the search for the 
best practices leading to a superior performance of a company (Korpela and Tuominen, 1996). 
Internal benchmarking makes the comparison between different parts of the same organization. The 
goals for the benchmarking process are 1) to identify key performance measures of each function of 
a company’s operations, 2) to measure the internal performance levels of the company as well as the 
performance levels of the competitors, 3) to compare performance levels in order to identify areas of 
competitive advantage and disadvantage and 4) to implement programs for closing the gap between 
the internal operations and the other companies (Korpela and Tuominen, 1996).   

According to Korpela and Tuominen (1996), one needs to start with identifying the key performance 
measures. In the research proposal the literature review revealed that the following variables can 
have an influence on the distribution costs; production, transportation & routing, inventory, 
warehousing, service level agreements and the retail store. The scope of this report is narrowed to 
the performance measures with respect to the physical distribution of the eleven daily fresh bakeries 
of Bakkersland. Therefore the variables production, inventory, warehousing and retail store will be 
out of scope. Appendix I shows why these variables are not of importance for our research. This 
leaves the variable transportation and routing. Gunasekaran et al (2001) underline the influence of 
transportation costs because trucking cost are always the highest among all costs of total distribution 
costs. Levinson and Gillen (1998) state that vehicle ownership, maintenance and taxes influence the 
costs of transportation as well as the size of the vehicle. Mentzer and Konrad (1991) mention the 
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operation hours, the labor hours and travel time are the main costs components of transportation 
costs. These findings can be found in Van Rooijen (2006) as well, who mentions the distance and 
volume also. The variables distance and volume are stated furthermore by Madadi et al (2010) and 
Bilgen and Gunther (2010). Other transportation characteristics are mentioned in the paper of Van 
Binsbergen and Visser (2001) and are the utilization rate, used vehicles, amount of stops per route, 
route length, route time and driving speed and distance. Christofides and Eilon (1969) demonstrate 
that the expected distance depends on the amount of routes, amount of customer and service area. 

The expedition people of Bakkersland explained that if a bakery produces retail specific, this can lead 
to a larger distribution area because the customers lie more remote from each other. This leads to 
increased physical distribution costs. There are time windows established per retail store in which a 
delivery must occur. If the delivery is made in this time window, this means the service level is 
achieved. The trucks drive in a congested time window, which causes a lower driving speed and 
therefore a larger travel time. Furthermore, a delay means that it becomes harder to make the 
delivery in the specified time window. A solution to make on time deliveries or to decrease the time 
delay is to make use of backhauls. This results in time savings because the empty crates do not have 
to be loaded in the truck. The influence of time windows (and therefore of the service level) on 
physical distribution costs is underlined by Groothedde and Rustenberg ( 2003). The influence of 
congestion on physical distribution costs is mentioned by Sankaran and Wood (2007). 
 

2.5. Conceptual model  
The conceptual model is based on the previous literature review. Note that there are only six 
‘general’ variables in the conceptual model that influence the physical distribution costs. This is 
because the 20 variables mentioned in the literature review are assigned to more general variables 
to simplify the model.  

 
Figure 2: Conceptual model 
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The variables that are part of the conceptual model are defined and explained below by defining 
hypotheses and constructs. 

2.6. Hypotheses and constructs 
Per variable a hypothesis is stated which contains the expected relation between the independent 
and dependent variable. Furthermore, a construct is defined for each variable. A construct refers to 
an image or idea specifically invented for a given research purpose which is built by combining the 
simpler concepts (Blumberg et al, 2008). Furthermore, the cost per customer is used as a measure 
for the physical distribution costs. 

2.6.1. Stop density 
The stop density depends on the distribution of retail stores (customer density), which defines the 
size of the distribution area. The allocation of retail stores is determined by the head office and this 
allocation leads to the size of the distribution area per bakery. If a bakery has a large service area, but 
the same customer density as a bakery with a smaller service area, this leads on average to more 
kilometers per stop for the bakery with a larger service area. More kilometers lead to more driving 
time which means less stops can be made per hour. Because of this, we expect cost per customer 
increases when the stop density becomes smaller. This leads to the first hypothesis. 

Hypothesis 1:  
H0:  The degree of stop density does not impact the cost per customer  
H1:  A smaller degree of stop density causes higher cost per customer  

Only comparing the stops made per hour cannot be used as construct because this is not a 
normalized measure which makes the comparison unfair. Instead, one can take into account the 
stops made per hour regarding the customer density. A measure for customer density can be found 
in the formula of Christofides and Eilon. The second part of the formula 𝛽 ∗ 𝑘 ∗ �(𝐴 ∗ 𝑁) calculates 
the reduced distance a travelling salesman would make along all customers (Broekmeulen, 2011). It 
takes into account two constants (𝛽 and 𝑘), the surface area  (𝐴) and the amount of customers (𝑁). If 
the total travelling salesman distance is taken and divided by the number of customer, the outcome 
shows the average distance between customers. If the distance is larger, this means customers lie 
more remote from each other (lower customer density) and therefore less stops can be made per 
hour. This leads to the following construct for stop density (𝑆𝐷): 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡 𝑆𝐷 =  �(𝐴 ∗ 𝑁)/𝑁 

2.6.2. Utilization 
The utilization of a truck depends on the total volume delivered to the retail stores and the capacity 
that is available per bakery. If the demand of each retail store is equal, this means that a truck with a 
higher utilization rate can deliver more retail shops than a truck with a lower utilization. When more 
retail stores are served in a route, the costs of the truck can be shared over more retail stores, which 
leads to lower cost per customer. This leads to the second hypothesis.  

Hypothesis 2: 
H0:  The utilization rate does not impact the cost per customer 
H1:  A higher utilization rate causes lower cost per customer 
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The utilization rate is calculated by dividing the total volume (𝐿𝑣𝑒ℎ) that has to be delivered per 
bakery by the total capacity available(𝐶) per bakery; 𝜐 = 𝐿𝑣𝑒ℎ/𝐶. This leads to the following 
construct for utilization(𝑈): 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡 𝑈 = 𝜐 

2.6.3. Backhauling 
A backhaul is advantageous for Bakkersland to facilitate the (un)loading and for a retail store so their 
storage room is not stocked with empty crates. One can choose to make a backhaul in a route, so 
more deliveries can be made in the delivery time window due to a time advantage (no loading of 
empty crates) or to compensate a congestion delay. The number of stops that can be made per hour 
increases due to backhauling and the backhauls can be made after the congested time window. 
Unfortunately, backhauling has consequences as well; if a backhaul is made, extra time occurs due to 
the ‘stopping time’. This stopping time is the time needed to park the truck in front of the unloading 
place at the retail store.  Furthermore, the backhaul will cause extra kilometers because the retail 
stores are not uniformly distributed on a straight line. We expect the extra stopping time and 
kilometers will lead to higher cost per customer. This leads to the third hypothesis.  

Hypothesis 3:  
H0: Backhauling does not impact the cost per customer 
H1: More backhauling causes higher cost per customer 

Backhauling causes extra kilometers and extra unloading time, which results in higher cost per 
customer. The extra kilometers have an impact on the travel time as well which makes the impact of 
the extra kilometers larger than the impact of the extra unloading time. Therefore, this construct 
only takes into account the extra kilometers that are needed for backhauling (𝐵𝑘𝑚) per customer. 
This leads to the following construct for backhauling (𝐵ℎ): 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡 𝐵ℎ =
𝐵𝑘𝑚
𝑁

 

2.6.4. Service level  
The head office states internal service level agreements which must be satisfied by the bakeries 
(logistic service providers of the bakery). At Bakkersland the service level deliver reliability is the most 
important for the company. This means that deliveries must be complete and on time. Only on time 
delivery is taken into account in this report. If a bakery deploys more trucks, the probability of on 
time delivery will increase, but this will lead to larger cost per customer as well. This leads to 
hypothesis number four. 

Hypothesis 4: 
H0: Service measures do not have an impact on cost per customer 
H1: A higher service measure leads to higher cost per customer. 

There are different ways to measure a service level. One can take into account a measure of 
variability such as the mean root squared error (MRSE) measure (Silver et al, 1998). The formula is 
stated in section 4.3.4. The measure shows the variability between the actual delivery time and the 
preferred delivery time. If the outcome of the MRSE measure is low, this means most of the 
deliveries are made close to the preferred delivery time. A low MRSE measure is mostly better than a 
high MRSE measure, except in this case. If bread is delivered at 3 am, this leads to a higher standard 
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deviation and to a higher MRSE outcome than the case where bread is delivered at 8:30, while the 
first situation is better than the second. Unfortunately, the disadvantage of using this measure is that 
in order to know how the MRSE measure will change when a variable is adjusted, the route times of 
the dataset need to be recalculated and the measure does not reveal the amount of orders which is 
delivered on time. 

A second way to look at the service level is to look at the distribution of drops in the different time 
windows. The distribution of the bakeries can be compared with respect to the mean and standard 
deviation. If a bakery has a high standard deviation, this means the bakery has a large range in which 
deliveries are made. If the standard deviation is low, this means the bakery makes the deliveries in a 
small range and relative more trucks are needed to make all deliveries on time. However, when using 
this type of service measure, only a qualitative analysis can be given regarding the change in the 
distribution of drops.  

Beamon (1999) mentions that one can look at four different aspects when measuring the service 
level on time delivery: percentage on time deliveries, product lateness, average lateness of orders 
and average earliness of orders. The percentage of on time deliveries cannot be used, because 
planned data is taken into consideration. The planners make a robust route planning; if deliveries are 
already late in the planning, the actual deliveries certainly are late. Therefore, the percentage on 
time deliveries will be high for all bakeries. Product lateness takes into account the difference 
between delivery date and due data. Average lateness (earliness) of orders takes into account the 
aggregate lateness (earliness) divided by the number of orders (Beamon, 1999). Carey (1998) 
underlines that if a vehicle arrives late, this causes knock-on delays and costs while if a vehicle arrives 
too early, the disadvantage is idleness until the next scheduled activity. However, earliness is not a 
big problem for the delivery of bread. If the truck arrives earlier, there is no problem if there is 
somebody present at the retail store or if there is access to the key of the storage room. This is 
underlined as well by Carey (1998) who states that the costs of earliness appear to be much less than 
the costs of lateness. In order to use the lateness (earliness) measure, recalculations have to be 
made when a variable is adjusted in the dataset. 

Unfortunately, the service level cannot be measured in a cost component because Bakkersland does 
not use penalties when a delivery is late. Therefore, the variable service level is not part of the 
calculation model. If a variable has a significant impact on the physical distribution costs and the 
variable can be adjusted in the used dataset (and therefore the dataset can be recalculated), an 
earliness and lateness measure is used to show the difference. This measure is taken instead of the 
MRSE measure because the earliness and lateness measure is specific used in literature with respect 
to measuring the service level deliver reliability (Carey, 1998 and Beamon, 1999). Instead of costs, 
minutes are used for the earliness and lateness measure. If recalculations cannot be made, the 
impact regarding the service level is discussed.  

2.6.5. Congestion 
The Verkeers informative dienst (VID) state congestion is present in the Netherlands; in the morning 
the congested time window is between 6 and 8 am. Most of the deliveries fall into the congested 
time window. Congestion leads to time delays or more kilometers. The consequence of this is 1) 
routes (trucks) should leave earlier or 2) more routes (trucks) are deployed to make all deliveries on 
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time. We expect both situations results in higher cost per customer. This leads to the fifth 
hypothesis. 

Hypothesis 5:  
H0: Congestion does not impact the cost per customer 
H1: Congestion causes higher cost per customer  

Congestion causes a decrease in the driving speed (𝐷𝑠).  Therefore, the average driving speed in the 
congested time window is the construct congestion (𝐶); 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡 𝐶 =  𝐷𝑠                 

2.6.6. Retail specific production 
Bakkersland has agreed upon retail specific production. For Bakkersland this is agreed upon due to 
commercial interests and for a retailer it is advantageous because they can sell products that are 
made on their specific product line. However, this means that some bakeries only produce and 
transport to AH or Jumbo retail stores. Because of this, customers will probably lie more remote from 
each other. This leads to a larger service area and therefore more kilometers between customers and 
hence higher costs. Therefore we expect that producing retail specific causes more cost per 
customer. This leads to hypothesis 6. 

Hypothesis 6: 
H0:  Retail specific production does not impact the cost per customer 
H1:  Retail specific production causes higher cost per customer 

To see if retail specific production has impact on the costs, the construct retail specific production 
(𝑅𝑠𝑝) contains a dummy variable. This dummy variable assigns a ‘1’ to a bakery if the bakery 
produces retail specific and a ‘0’ when the bakery does not produces retail specific.  

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡 𝑅𝑠𝑝 = {0,1} 
 

2.7. Relationships between variables 
We expect between the five variables for which a construct is defined, there exist relationships: 

If the stop density is large, probably customers lie close to each other and less time is needed to 
drive between customers. This means more customers can be served per truck which leads to a 
higher utilization. This means there is a positive relation between the variables utilization and stop 
density and a negative relation between the constructs utilization and stop density. 

When backhauls are made, there are more stops than drops. More backhauling causes more 
kilometers, travel and unloading time and hence more costs. If customers lie remote from each 
other, the cost of backhauling becomes larger compared when customers lie close to each other. 
Therefore, it will be more beneficial for bakeries with a large customer density to make backhauls. 
Because of this, we expect that there is a negative relationship between the constructs of 
backhauling and stop density and a positive relationship between the variables backhauling and stop 
density: if a bakery makes more use of backhauling, this will lead to more stops and therefore a 
higher stop density.  
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Congestion causes a delay because the driving speed decreases. Therefore, less kilometers can be 
made per hour and it takes more time to deliver all retail stores. We expect this leads to less stops 
per hour. In a large distribution area, there are more kilometers between customers. Probably, a 
delay is leveled off over the kilometers. Therefore, we expect a positive relation between the 
variables congestion and stop density and a negative relation between the constructs of congestion 
and stop density. 

If a bakery produces retail specific, the chance that retail stores lie remote from the bakery increases 
and therefore the distribution area will be larger than expected based on the amount of customers. 
We expect these larger distances between retail stores lead to less stops per hour. This means there 
is a negative relation between the variables retail specific production and stop density and a positive 
relation between the constructs retail specific production and stop density.  

A planner can choose to make use of backhauls, so there are time savings when making the delivery 
(empty crates do not have to be loaded). These savings can be used to compensate the delay that 
can occur from congestion. Therefore, it could be that a planner uses backhauling as solution to 
congestion. This leads to a positive relation between the variables backhauling and congestion and a 
negative relation between the constructs backhauling and congestion.  

Figure 3 gives an overview of the relationships which were mentioned in this section. A plus sign 
denotes a positive relation and a minus sign denotes a negative relation between the variables. 

Figure 3: Overview relation between the general variables 

2.8. Research design and methodology 
This report is a formal study because it is used to answer the research question and hypothesizes 
(Blumberg et al, 2008). This research takes into account a part of the supply chain of bread, namely 
the physical distribution. In this part of the supply chain there are variables which cause costs.  In this 
study, these variables are investigated to see what their impact is on the physical distribution costs. 
The variables can be changed, which makes this an experimental design (Blumberg et al, 2008). 
Furthermore, the research is causal and statistical; we want to learn why and how one variable 
produces changes in another variable (physical distribution costs) and we want to test the 
hypothesizes quantitatively so generalizations about the findings of the sample can be made 
(Blumberg et al, 2008). 

The hypotheses are based on literature; however, it is possible that some variables which were 
stated in literature review do not have an influence on the physical distribution costs of Bakkersland. 
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To find this out, we will first calculate the changes in the cost per customer when each of the five 
variables is changed. The cost per customer is compared between the original situation and the 
situation where the variable is adjusted. For these calculations, a formula is determined which 
calculates the cost per customer. This formula is based on the manner in which Bakkersland currently 
calculate the costs on the invoice. The input of the formula requires other formulas, which are found 
in literature or derived from the dataset. 

In the current performance measurement system of Bakkersland, the costs are calculated per route 
and per customers.  In this report only the cost per customer is taken into account. The two reasons 
for this are 1) Bakkersland finds this outcome more useful than the cost per route and 2) the 
comparison between cost per customer acquires better insights than the cost per route in this 
research.  This is because this report makes use of formulas which calculate the total costs of a 
bakery per week. If this outcome is divided by the amount of routes per bakery, this means each 
route has the same amount of costs, while there exist differences in amount of kilometers, stops and 
unloading time between the routes. A cost per customer measure can be found in literature as well, 
Daganzo (2005) uses the sum of the costs of each individual shipment to establish the transportation 
costs of a one-origin/one-destination situation. In our case, the cost per customer increases when 
the kilometers driven or the unloading time increases. The impact of kilometers has a stronger effect 
on the cost per customer because they determine the travel time and according costs as well.  

The data is collected from the invoices, routing lists, and timeliness studies etc. which are available at 
Bakkersland. This is secondary data because the data is collected and recorded by other people than 
the researcher (Blumberg et al, 2008), namely by the finance employees of Bakkersland. The 
secondary data can be classified as an internal database, because the company stores the data 
during the usual activities (Burns and Bush, 2006).  The data is checked, cleaned and the different 
databases of Bakkersland are combined to several new datasets in Access by means of queries and a 
module. These datasets are verified by the logistic manager.  

The first step after the data collection is the model building phase. This phase consists of two parts. 
In the first part formulas are found in literature or derived from the dataset which are used for the 
calculations. In the second part, first the impact on the cost per customer, when adjusting one of the 
five variables is determined. The formulas from the first step and the data are used to acquire the 
outcomes. Sometimes, the dataset has to be adjusted because for example backhauling is not 
allowed anymore. This research does not use a route planning program to recalculate the routes, but 
a module created in Access which can recalculate the arrival, unloading and departure times. 
Secondly, the impact of the variables regarding the relation between the physical distribution costs 
and service level is investigated. The impact of the variable regarding the physical distribution costs is 
already known. The impact of the variables regarding the service level is calculated with an 
earliness/lateness measure. The calculations of the earliness/lateness measure is added to the 
module in Access, which provide the outcomes of this measure. If this measure cannot be used 
because the routes within the route planning have to be changed, the impact on the service level is 
only discussed. 

In the next phase, a multivariate analysis is used to find out which variables have a significant 
influence on the physical distribution costs and hence on the relation between physical distribution 
costs and service level. The used method is the ordinary least squares method (OLS). In the last 
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phase, the outcomes of the OLS are converted into insights/ conclusions. These conclusions are the 
basis for the recommendations which are given to Bakkersland.   

 

To acquire a better overview of the different phases of this report, the phases are shown in figure 4. 

 

 

 

 

Figure 4: Overview of phases 

In the end, the research makes clear which variables influence the physical distribution costs 
significantly and how these variables affect the service level. Furthermore, an overview of the 
performance of the bakeries is given and recommendations on how the costs per bakery can be 
lowered are given.   
 

2.9. Contribution  
Rafele (2004) states that logistics strategies influence a lot of core business processes. This logistics 
strategy is part of the supply chain which changes over time in role and scope. However, Rafele 
mentions that the performance measurement systems did not. A lot of papers address the 
importance of a performance measurement analysis (Mentzer & Konrad, 1991; Beamon, 1996; 
Rafele, 2004) and therefore one can conclude that it is important to have an up to date performance 
measurement system. Vandaele and Gemmel (2004) made a literature review about service level 
agreements. They note that there is need for a lot of research with respect to service level 
agreements, such as dynamical analysis about the influence of the SLA’s on the relation between the 
customer and supplier, the impact of the SLA’s on quality etc. Logistic costs is another important 
topic in literature, research on this topic is performed by Zeng and Rosetti (2003), van Rooijen (2006) 
and Sankaran and Wood (2007). Baykasoglu and Kaplanoglu (2007) underline that there still is a long 
way to go with additional research and development with respect to models and supporting tools for 
the logistic service costing which shows as well the importance of this performance research with 
respect to logistic costs. 

So, in literature there still are shortcomings regarding the content of performance measurement 
systems, the influence of service level agreements and research regarding logistic costing. 
Furthermore, there are various papers which investigate the impact of one or two of the variables 
stated in the conceptual model. This report takes into consideration the impact of all six variables 
regarding the physical distribution costs. This report investigates which variables have a significant 
impact on the physical distribution costs and which should be part of a performance measurement 
system. Furthermore, it acquired insights in the relation between physical distribution costs and 
service level agreements to fill the gap stated by Vandaele and Gemmel (2004). Next, this report uses 
data from Bakkersland which contains a planning in a congestion time window, with direct links 
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between the producing company and the customers. This research could demonstrate the degree of 
impact congestion has on the execution of a route planning. 

For the company Bakkersland, this research show which variables have to be taken into account to 
acquire a performance measurement system which produces outcomes which can be compared with 
each other. Furthermore, it will reveal which trade-off exists between the variables and the relation 
between the physical distribution costs and service level. This can help the logistic manager to look 
more critical at the currently stated rules. 
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3. Data collection and analysis 
This chapter states which data source is used, the characteristics, changes of the dataset and the 
reliability of the data. 
 

3.1. Data source  
The input for the created dataset is taken from the route planning of Intertour, route data, tariffs and 
the invoices of Bakkersland. The route planning of Intertour contains the route number, route follow 
number, customer number, address details, arrival time, unloading time, departure time, total 
volume delivered in VEH, total volume retour in VEH and distance. The route data contains the route 
number, number of stops, departure time trip, driving time, total stop time, end time route, total 
kilometers driven per route, total volume delivered in VEH per route, total volume retour in VEH per 
route and which type of truck is used. The tariffs show the hour price, fixed price per hour and 
variable price per kilometer per type of truck and standard times for loading, unloading and 
surcharge times. The invoice contains per route the route number, type of truck, type of logistic flow, 
(un)loading times at the bakery, route time, surcharges, begin and end time, total km, total stops, 
standard costs for hours, standard costs for kilometers, other costs, diesel surcharge and total price 
of a route. 
 

3.2. Data characteristics and explanation of changes 
The original three datasets, namely the route planning of Intertour, the route data and invoices 
contain respectively 7021, 1146 and 1093 observations.  In Access, the three datasets are combined 
to several other datasets. The main dataset contains the route details, which exists mainly on the 
route planning of Intertour of week five. This planning data is used for a longer period. This dataset 
shows the weekday, route id, sequence number, customer id, arrival, unloading and departure time, 
drop and return volume, travel time, the distance and speed per bakery. The first data lines are 
shown in Appendix II. The dataset is investigated regarding errors, which are corrected so the data 
becomes accurate, complete and consistent (Blumberg et al, 2008).   

First, the inter routes and Sundays are excluded from the data base. Next, we investigated if there 
were any duplicates in the dataset. If there were two different retail shops on the same customer 
number, a new customer number was created (see Appendix III). If there were duplicates in the 
postal codes, the expedition people gave the right postal codes. Second, the distances between the 
stops of the Bakkersland dataset were compared with the distances based on the postal codes of the 
stops. The Haversine distance, which is based on coordinates, was used to calculate the distance 
between two stops. If there were large differences in distances between Intertour and the Haversine 
outcome, the expedition people of the bakery had to explain this. Next, the distance and the time 
between the departure time of stop t-1 and the arrival time at stop t were used to calculate the 
driving speed. If the driving speed between two customers was above 80 km/hour or 0 km/hour, the 
data was adjusted. These speeds were often caused because Intertour did not give unloading and 
departure times for some stops. The logistic manager assumes that the unloading time takes 4 
minutes for stopping and 1 minute to unload the VEH. With this assumption, the unloading times 
were calculated. The arrival time was known, so the departure time could be calculated by summing 
up the unloading time and the arrival time. The arrival and departure times from the other stops of 
that route were changed as well. Another reason for a high driving speed is that some bakeries make 
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use of an express courier. This express courier comes at stop t-1, loads the volume of stop t and 
delivers it, while the truck from Bakkersland goes from stop t-1 to stop t+1. If the delivery did not 
occur actually, but by an express courier, the stop was deleted from the dataset, because an express 
courier is outside the scope of this report. After the adjustments and removal of some date lines, the 
dataset contains 6790 observations. 

The second created dataset contains the route data per bakery and is derived from the route details 
dataset by means of a query in Access. It contains 1050 observations (96 observations removed) and 
contains for each route the start time, first leg distance (distance between depot and first retail 
store), inter distance (summed distance between retail stores) and last leg (distance between last 
retail store and depot). The inter distance and last leg can be found as well in this dataset in the case 
backhauls are not allowed.  The first data lines are provided as well in Appendix II. 

A final dataset is created which contains the constructs which were stated in 2.6. and the cost per 
customer, based on the other two datasets. Each day of the eight bakeries is taken into account, 
which makes the size of the dataset 48 lines. This dataset is the input for the multivariate analysis 
and the first observations are provided in Appendix II. 
 

3.3. Reliability 
The data is tested on errors and duplicates and if these existed, the dataset was corrected. 
Furthermore, the dataset is verified by the logistic manager. The dataset used to determine the 
influence of variables regarding the physical distribution costs is therefore reliable.  

Another dataset is used as input for the multivariate data analysis. Field (2005) states that when 
multiple regression is used, one needs approximately 15 cases per construct. Our model contains 5 
constructs which means 75 cases are needed. However, the dataset for the multivariate analysis only 
contains 48 observations (cases). This is less than the required 75, which will influence the size of the 
effect (objective measure of the magnitude of an observed effect, (Field, 2005)), which is no 0,602. 
This makes the outcomes less reliable. 
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4. Model building 
In this chapter, the tariffs are recalculated using the ABC method and compared. Furthermore, 
formulas are derived from the dataset or literature which will be used to calculate the impact on the 
physical distribution costs when each variable is changed.   
 

4.1. Tariffs 
The logistic manager of Bakkersland has developed a calculation method to calculate the tariffs. The 
outcomes of this calculation method are adjusted depending on the average driving speed of a 
bakery. These adjustments in tariffs rises questions; how is the driving speed established, are factors 
taken into consideration that influence the driving speed, where are the cut off criteria relied on etc. 
Tariffs are of great importance for this research because they influence the physical distribution 
costs. Therefore, the tariffs will be calculated with the activity based costing method (ABC). The 
outcomes of the ABC method are compared with the tariffs of Bakkersland and an external 
benchmark. EVO performed a research regarding the tariffs for Bakkersland in October 2010. The 
outcomes of this report are used as external benchmark.  

Stapleton et al (2004) explain that ABC is a costing model that identifies the cost pools in a firm and 
assigns costs to products and services (cost drivers), based on the number of events or transactions 
involved in the process of providing a product or service. They state that ABC can lead to greater 
knowledge of a firm’s business process. Van Damme (2008) developed seven steps to go through the 
ABC process, which can be found in Appendix IV. Table 1 shows an overview of the resources and 
cost drivers used.  

Resources Cost driver 
Vehicle depreciation costs Distance (km) 
Employees insurance costs Number of personnel 
Motor vehicle tax Number of vehicles 
Eurovignette Number of vehicles 
Maintenance Distance (km) 
Interest Number of vehicles 
telephone bills Transaction duration 
Tires Distance (km) 
Fuel Distance (km) 
Maintenance and repair Distance (km) 
Lubricants Distance (km) 
Wages Number of personnel 
Social securities Number of personnel 
Surcharges Number of personnel 
Table 1 Overview Resources and Cost drivers 

The physical distribution process is divided in the following activities: loading at the bakery, 
transportation, driving, unloading at the retail shops, unloading at the bakery and vehicle 
maintenance. All these activities have as second stage cost driver duration in hours, except vehicle 
maintenance which has as second stage cost driver the distance in kilometers. The tariffs that are 
calculated and the tariffs of Bakkersland and EVO can be found in Appendix V. 
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Remarkable is that EVO has lower costs for wages and fixed costs. Probably this is due because EVO 
assumes a private fleet, where the costs can be spread over more hours per year. Bakkersland and 
the ABC method only spread the costs over the expected used hours per year. Another explanation 
of the lower costs of EVO is that EVO does not take into account a margin %. The wages of 
Bakkersland are higher because Bakkersland includes costs for temporary workers and 
reimbursement of travel expenses. The difference between the Bakkersland and ABC outcomes is 
most likely occurred by the difference in granting the costs to the different activities. Because 
Bakkersland assigns costs which are not based on theoretical grounds and because the ABC method 
has a high predicting value (R square of 0.83, see Appendix IV), this report will continue with the 
tariffs of the ABC calculation.  
 

4.2. Calculating costs  
The total costs per bakery can be calculated with the following formula, which is based on the 
manner in which Bakkersland calculates the costs: 

𝑃(𝑐) = 𝐾𝑚 ∗ 𝑉𝑐 + �
𝐾𝑚
𝐷𝑠

� ∗ (𝐹𝑤 + 𝐹𝑡) + 𝑈𝑡 ∗ 𝐹𝑢 

Where 
𝑃(𝑐)  are the total cost per bakery     (outcome) 
𝐾𝑚  are the expected kilometers that are driven   (outcome) 
𝑉𝑐  is the variable tariff per kilometer    (calculated) 
𝐷𝑠  is the driving speed       (assumption) 
𝐹𝑤  is the fixed tariff for an employee per hour   (calculated) 
𝐹𝑡  is the fixed tariff for a truck per hour    (calculated) 
𝑈𝑡  is the unloading time      (calculated) 
𝐹𝑢  is the fixed tariff for unloading by an employee per hour (calculated) 

When the total costs are divided by the amount of customers per bakery, the cost per customer is 
obtained; 

𝐶𝑝𝑐 = 𝑃(𝑐)/𝑁 

Where  
𝐶𝑝𝑐  is the cost per customer 

The variable and fixed tariffs can be found in Appendix V.  Two ways to obtain the expected 
kilometers are; 1) summing up de Haversine distances and 2) use the outcome of the adjusted 
Christofides and Eilon formula.  

The Haversine distance can be calculated by the following formula:   

ℓ2(𝐴𝐵) = 2𝑅 ∗ 𝐴𝑟𝑐𝑠𝑖𝑛√(�
sin(𝑙𝑎𝑡𝐴 − 𝑙𝑎𝑡𝐵)

2
�
2

+ cos(𝑙𝑎𝑡𝐴) ∗ cos(𝑙𝑎𝑡𝐵) ∗ �
sin(𝑙𝑜𝑛𝐴 − 𝑙𝑜𝑛𝐵)

2
�
2

) 

and                                                    𝐾𝑚 = ∑ℓ2(𝐴𝐵) 

Where 
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ℓ2(𝐴𝐵) is the distance between points A and B 
𝑅  is the radius of the earth which is 6367 kilometers 
𝑙𝑎𝑡  is the latitude of a point 
𝑙𝑜𝑛  is the longitude of a point 

The Haversine distances have to be multiplied by 1,37 to obtain the actual distances, see Appendix 
VI. 

The formula of Christofides and Eilon only can be used when the retail stores are uniformly 
distributed in the service area. Appendix VII shows the calculations of the formula of Evans and Clark 
(1954). The outcomes of the formula show that the retail stores are uniformly distributed.  

The routes from Bakkersland are all stem and leaf routes: first a truck drives a ‘long’ distance to its 
service area (stem), makes the deliveries (leaf) and drives back to the depot, which is again a ‘long’ 
distance (stem). The ‘long(er) stem’ in this process is not inserted in the formula of Christofides and 
Eilon. Daganzo (2005) developed a distance formula as well, based on the formula of Christofides and 
Eilon. This formula calculates the tour distance of one route. Daganzo takes into account the average 
distance from all customers to the depot which reflects the line-haul distance needed to reach the 
center of the distribution area. The second term in the formula of Daganzo contains the local 
distance that must be traveled between customers. A new formula is created based on the formula 
of Christofides and Eilon and the formula of Daganzo;  

𝐸(𝐾𝑚) = �α ∗ (M− 1) ∗ Df + (M − 1) ∗ Dl + β ∗ k ∗ √A ∗ N� ∗ 𝜁 

Where 

α  is the constant 0.9      (outcome) 
𝑀  is the number of routes      (calculated) 
𝐴  is the surface area      (calculated) 
β  is the constant 0.91      (given constant) 
𝑘  is the constant 0.75      (given constant) 
𝑁  is the number of customers in the surface area   (calculated) 
Df  is the average distance from depot to the first customer (calculated) 
Dl  is the average distance from the last customer to depot (calculated) 
𝜁  is the density factor of 1.37     (calculated) 

The first part of the formula is based on the formula of Daganzo. It contains the average distance 
between the retail stores and the depot, but there is a refinement because the distance from the 
depot to the first customer as well as the distance between the last customer and depot is taken into 
account. The second part is the same as the second part of the Christofides and Eilon formula and it 
calculates the distance a travelling salesmen would make when delivering all customers. 

The average driving speed is obtained by dividing the distances travelled by the accompanying 
driving time between the stops for all bakeries. The average of all outcomes is calculated, which is 28 
kilometers per hour. The formulas to calculate the amount of customers and routes are given in 
Appendix VII. These formulas are needed to prevent over parameterizing. 
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For the unloading time a formula is established as well. For all bakeries the loading times were 
plotted against the amount of VEH and with a trend line the α and γ are established. The R square of 
the trend line is 0,55. Appendix VIII shows the plot with the stopping time and according VEH’s. The 
following function is derived to calculate the unloading times: 

𝑈𝑡 = 𝛼 ∗ 𝑇𝑣𝑒ℎ + 𝛾 ∗ 𝑆𝑡 

Where 

𝑈𝑡  is the total unloading time of a bakery per week 
𝛼  is the time needed to (un)load one VEH 
𝑇𝑣𝑒ℎ  is the total volume a bakery delivers and picks up per week 
𝛾  is the time needed to load one VEH when a backhaul is made 
𝑆𝑡  is the amount of stops that are made per week 
 

4.3. Influence of variables  
In literature variables were found which influence the physical distribution costs. This section 
investigates if the five variables have an influence on the physical distribution costs of Bakkersland. 

4.3.1. Stop density 
The stop density is the number of stops that can be made per hour. If the stop densities of the 
mutual bakeries are compared, the 
stop density per amount of 
customers per 100 square kilometers 
has to be taken into account instead 
of the total number of customers to 
make the comparison fair.  

The number of customer per 100 
square kilometers can be calculated 
by dividing the total customers of a 
bakery by the area and multiply this 
outcome by 100. The stop density is 
reflected in the stops per hour and is 
calculated by dividing the kilometers 
by the driving plus unloading time.           
      Figure 5: Overview stop density 
 
From figure 5 it can be concluded that the stops per hour increases when the number of customers 
in an area increases. Probably if the customers lie more remote from each other, more kilometers 
have to be made per hour and this leaves less time for stopping. The plot with stops per hour and 
kilometers driven per hour underlines this; there is a negative relationship between stops made per 
hour and kilometers made per hour (R square of 0.9129). So, a lower stop density probably is caused 
because customers lie more remote from each other which cause a larger distribution area. 

Therefore, a closer look is taken at the situation where the customer distribution is the same for each 
bakery.  Because the amount of customers cannot be changed, the customer density is changed. We 
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assume there are 2,5 customers per 100 square kilometer. The number of customers per bakery is 
known and the surface area can be recalculated. The first and last stem is adjusted. This is the same 
percentage of the distribution area as in the current situation. Table 2 gives an overview of the cost 
per customer and the stops per hour in the two situations. The cost per customer is decreased for 
five of the eight bakeries, because the increase in customer density regarding the current situation. 
An increase in customer density leads for this bakeries to a smaller distribution area and hence to 
smaller cost per customer. 

Cost per customer Stops per hour 
Bakery Actual situation Same customer density Actual 

situation 
Same customer 
density 

B1  - 1,33 1,57 
B2  + 2,25 0,98 
B3  - 0,97 1,43 
B4  - 1,36 1,67 
B5  + 1,73 0,74 
B6  - 1,26 1,15 
B7  - 1,79 1,77 
B8  + 0,74 0,59 
Table 2: Cost per customer and stops per hour 

4.3.2. Utilization 
Utilization depends on the volume that needs to be delivered and the capacity that is available per 
bakery. In the actual situation, the utilization rates per bakery differ due to different average drop 
size per customer per bakery and the type of trucks which is available per bakery.  

To see the impact of the variables volume, capacity and utilization, three situations will be 
investigated where one of the three variables is adjusted. Because only one variable changes and the 
other two remain the same, this means the amount of routes will vary. The following three situations 
are taken into account; 1)The volume of the bakery is equal for all bakeries 2) the capacity rates are 
equal for all bakeries and 3) the utilization rates are equal for all bakeries. For the first situation, the 
average drop per customer is set at 10 VEH. For the second situation, the capacity that is available for 
each bakery is 76 VEH per route. In the third situation, the utilization rates are all 70 percent. To see 
the impact of the changes, the cost per customer will be compared between the actual situation and 
the three situations.  

The cost per customer is calculated again with the formula which is stated in section 4.2. The number 
of routes need to be recalculated, because the volume, utilization and capacity rates change. The 
formula to calculate the amount of routes can be found in Appendix VII.  Table 3 gives an overview of 
the cost per customer in the different situations.  
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Cost per customer 
Bakery Actual 

situation 
Volume 

the same 
Capacity 
the same 

Utilization 
the same 

V,C,U the 
same 

B1  - + + - 
B2  - - + - 
B3  + + - + 
B4  - + + - 
B5  - - + + 
B6  + - - - 
B7  + + - + 
B8  + + - - 

Table 3: Cost per customer with different volume, capacity and utilization rates 

If the drop volume per retail store decreases, fewer routes are needed and therefore the cost per 
customer decreases. If the capacity decreases, less retail stores can be delivered by one route, which 
means an increase in cost per customer. When the utilization rate decreases, less volume and 
therefore less retail stores can be delivered per route, which causes an increase in the cost per 
customer. The table contains as well an overview of the cost per customer when all three variables 
are equal for the bakeries. It depends on the magnitude of change per variable if the cost per 
customer increases of decreases. However, table 3 shows that volume, capacity and utilization rates 
have an influence on the cost per customer. 

4.3.3. Backhauling 
Backhauling causes extra kilometers and extra unloading time. To calculate the costs of backhauling, 
the situation where backhauling is allowed is compared with the situation where backhauling is 
prohibited. The cost per customer is calculated with the formula stated in section 4.2. The input 
kilometers are the summed Haversine distances with backhauls and the summed Haversine distances 
without backhauls which are calculated with the module in Access. Table 4 gives an overview of the 
cost per customer in the two situations. Note that the cost per customer in the actual situation 
differs from the previous actual situations because now the Haversine distances are used instead of 
the Christofides and Eilon distances. 

Cost per customer 
Bakery Actual 

situation 
No 

backhauls 
B1  - 
B2  - 
B3  - 
B4  - 
B5  - 
B6  - 
B7  - 
B8  - 

Table 4: Cost per customer with and without backhauls 

The kilometers without backhaul kilometers, the total driving time and the unloading time are all less 
when no backhauling is allowed. This results in lower cost per customer.  
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4.3.4. Congestion 
The Verkeers informatie dienst (VID) has investigated the congestion pressure over the different days 
in the Netherlands, see figure 6. In this figure one can see that the congestion pressure per day is 
highest between 6 and 9 am and between 3 and 6 pm. The congestion pressure over a week deviates 
as well; on Tuesday and Thursday, the congestion pressure is the most, see figure 6. 

 
Figure 6: Overview congestion pressure per week and per day 

To investigate if the bakeries suffer more from congestion at the different days, the mean root 
squared errors are calculated for each day per bakery. This is a measure for variability (Silver et al, 
1998). Figure 6 shows that the congestion pressure deviates over the days. This means the variability 
of the arrival times at the retail stores will deviate as well over the days because congestion causes 
for example more delays on Tuesday and Thursday compared to Saturday. Therefore, the outcomes 
of the MRSE measure between Tuesday or Thursday and Saturday should differ significantly. The 
MRSE outcome can be calculated with the following formula: 

𝑀𝑅𝑆𝐸 = √((1
𝑁

) ∗∑(xt-xt-1,t)2
) 

Where 
𝑁  is the number of customers  
xt  is the departure time at a retail shop 
xt-1,t  is the fixed time of 8:00 
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The arrival time per retail store is compared with the fixed time of 8 am, which is the time the retail 
stores are preferably delivered.  Per bakery, the differences in actual and preferred times are 
summed up, which is the outcome of the MRSE measure. If the outcomes of the MRSE formula do 
not deviate significantly, this means that the variability over the days is the same. Table 5 shows the 
outcome of the MRSE measures and it can be concluded that there are no significant variations 
between the MRSE outcomes over the different days. This means the bakeries of Bakkersland do not 
suffer more or less from congestion on different days.  

Variability in delivery times per day 
Bakery Monday Tuesday Wednesday Thursday Friday Saturday 

B1 90,3 90,3 90,3 90,3 92,7 93,2 
B2 75,6 77,2 77,2 76,9 79,4 76,2 
B3 146,5 145,6 146,5 145,6 147,1 144,2 
B4 145,9 145,9 145,9 145,9 154,6 154,2 
B5 129,1 127,4 127,4 127,4 127,1 127,0 
B6 92,7 92,7 92,7 92,7 93,4 93,4 
B7 91,4 91,4 91,4 91,4 91,4 91,1 
B8 77,5 78,4 78,4 78,4 79,3 80,0 

Table 5: MRSE outcomes for the bakeries over the days (1=Mo, 6=Sa) 

An explanation for this is that the route planners take the congestion delay already into account 
when making the planning by allocating enough travel time between customers so even with the 
highest congestion pressure, the on time delivery is met.  

The paper of Ratliff and Zhang (1999) shows that the mean speed increases approximately linearly up 
to a certain distance and then levels off. This means that at a certain point, the driving speed does 
not increasing anymore, even if the distance increases, see figure 7.  

 
 ` 

 

 

 

 

 

 

 
 
 

Figure 7: Driving speed vs Distance, Ratliff & Zhang (1999) 

When a delay occurs, the total kilometers driven do not increase, but the travel time does. If the 
distance between two stops is small, a delay has a much higher impact than when the  distance 



 

25 
 

0
10
20
30
40
50
60
70
80

0 50 100 150

Speed

Travel time

Travel time vs speed B1

between two stops is large (delay is leveled off after a certain amount of kilometers). So, first the 
driving speed and distance are plotted together in a graph, to find out if the data used in this report 
shows the same behavior as the data of Ratliff and Zhang. If so, a second plot is made to find out if 
there exist a similar relation between the driving speed and travel time. We expect the same type of 
graph is obtained, because the travel time depends on the travelled distance and driving speed. 
Figure 8a shows the graph which contains the distance and driving speed. There is a level off point of 
50 km/hour. Even if the distance increases, the driving speed stays around 50 km/hour. This result is 
found for all bakeries. 

Figure 8a :  Driving speed vs distance              Figure 8b: Driving speed vs travel time 

Figure 8.b shows the graph with the travel time and the driving speed. Again, there is a level off point 
at 50 km/hour, but one can see that there is more deviation under the level off point when the travel 
times are taken into consideration. The cloud of points is broader in figure 8.b compared to figure 
8.a. This means that some routes need more time than expected, which is probably caused by a 
lower driving speed and hence by congestion. 

Now, a closer look is taken to the driving speed behavior of the bakeries. The driving speed is 
calculated in the dataset by dividing the distance by the travel time. To make a comparison between 
the driving speed behavior of the bakeries the following steps are undertaken: 

1. Calculate the driving speed in each time window (of an hour) per bakery 
2. Calculate the difference in driving speed regarding the driving speed at 5 am 
3. Start with average driving speed of all bakeries at 5 am (40 km/hour)and with the 

percentages of step 2 calculate the driving times of the next time windows 
4. Plot the driving speed outcomes of each time window and compare the behavior. 

To see the influence of congestion for the bakeries of Bakkersland, the driving speed per time 
window are calculated for Monday (we can use one day because the congestion pressure is the same 
over all days). Figure 9 gives an overview of the behavior of the driving speed of each bakery. The 
behavior is the same for all bakeries until 7:30, except for bakery 5 and 7 where the driving speed 
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increases at 6:30 instead of decreasing. Because of this, the driving speed of both bakeries is higher 
compared to the other bakeries after 6:30. After 7:30 the driving speed increases for all bakeries.  

Figure 9: Driving speed behavior  
 
Figure 9 shows that the driving speed decreases and therefore the bakeries deal with congestion. 
Because the driving speed decreases, more time is needed to drive the same amount of kilometers, 
which causes higher costs. Because the behavior in driving speed is quite similar for all bakeries and 
the congestion pressure is the same over the weekdays, probably the variable congestion cannot 
explain the differences in physical distribution costs. However, this variable can influence other 
variables; therefore it will be part of the final model.   

4.3.5. Retail specific production 
If a bakery produces retail specific it is possible that the bakeries have retail shops which are outside 
their ‘normal’ distribution area. This causes more kilometers and therefore more costs. Three 
bakeries are taken into consideration which produce for more than 1 retailer but produce as well 
retail specific for a retailer (B4, B5 and B6). Two situations are compared; in the first situation all 
retail stores are taken into account. In the second situation, the retail stores which belong to the 
retail specific retailer which are outside the scope of the normal distribution area are excluded. For 
B4 this means seven retail stores are excluded, for B5 six retail stores are excluded and for B6 five 
retail stores are excluded. With the module in Access, the route details are calculated again. For both 
situations the amount of kilometers, calculated with the Haversine distances, the total amount of 
VEH delivered, the amount of stops and amount of customers is collected from the dataset. The cost 
per customer is calculated with the formula stated in section 4.2.   

  Cost per customer 

 Bakery 
Whole distribution 
area 

Adjusted distribution 
area 

B4 
 

- 
B5 

 
- 

B6 
 

- 
Table 6: Cost per customer with change in distribution area 
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Table 6 shows that the cost per customer decreases when the retail store outliers are excluded from 
the database. This means that retail specific production does influence the cost per customer 
because it leads to a larger distribution area and hence to a larger distance between retail stores.  

4.3.6. Transshipments   
Initially, customers which lie around the bakery are allocated to that bakery. However, because some 
bakeries produce retail specific, the distribution area can contain customers which lie remote from 
the bakery (outliers). This means the distribution area of the bakery increases and the depot location 
can become more disadvantageous. In the current situation there are three depots which lie in a 
remote corner of their distribution area (B4, B7 and B8). Christofides and Eilon (1969) state that the 
position of the depot does not affect the expected total distance which can be calculated with their 
formula. However, the distribution area of some bakeries changes severe when the retail store 
outliers are excluded. In section 4.3.5 it was demonstrated that the cost per customer decreases 
when the outliers were excluded.  Another solution which might decrease the cost per customer, 
without reallocating retail stores, is to make use of transshipments.  

When using transshipments, the volume of the retail stores which lie remote from the bakery is 
transported with long carriers to another depot in the evening or early morning.  In the morning 
some of the common trucks start at this depot and the rest of the trucks start from the bakery.  

Not all bakeries lie in the middle of their distribution area.  One possibility is to rent a depot which is 
in the middle of the bakeries’ distribution area. One way to find the middle of the surface area is to 
find the highest and lowest latitude points and calculate the midpoint. However, long carriers are 
used, which only may drive via high ways. If the exact midpoint is calculated with the latitudes and 
longitudes, it could be that the depot lies in a little village, remote from highways. Furthermore, it 
could be that there are only a few customers in a remote corner. In this case, a depot location near 
these remote customers results in higher cost savings than a depot on the midpoint. For example, 
the depot for Waalwijk would be around Eindhoven if the midpoint is used. However, there are a lot 
of customers in Limburg, so a better location for the depot is around Weert. Therefore we will look at 
the route details and Google maps to see what a good place for a depot is(near high way and 
industrial area). The depot of Waalwijk and Kerkrade can be shared and lies in Lierop. The depot of 
Hedel can be situated in Eindhoven, the depot of Terneuzen in Bergen op zoom, the depot of 
Ridderkerk in Tilburg West (BL bakery) and the depot of bakery Breda in Tilburg Oost (BL bakery). The 
depot of Bunschoten lies in de Meern and the depot of Emmeloord around Zwolle.  

We assume that the tariff for a long carrier is 1.5 times the tariff of a truck, and the volume that a 
carrier can transport is 140 VEH. (Un)loading takes 45 minutes. We assume the rent per depot is 35 
euro per m2 per year for the region Limburg, Brabant, Zeeland and Emmeloord and 55 euro per m2 
per year for the region Utrecht, north and south Holland. If a depot is shared, the costs are shared 
between the bakeries. The area of a depot depends on the volume of a bakery and ranges from 600 
m2 to 1000 m2. The distances are recalculated in Access, with the new depot location. Furthermore, 
a decision variable is created; if the total distance of a route is less when a route starts at the depot, 
the route starts from the depot, else the route starts from the bakery. From the routes that are 
assigned to the depot, the VEH’s are summed up and divided by 140 to obtain the amount of long 
carriers needed. The data of the whole week is taken into consideration.  The cost per customer is 
calculated with the formula stated in section 4.2. Table 7 gives the outcome of the calculations. 
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  Cost per customer per day 
Bakery Current situation Use of transshipments 
B1  + 
B2  + 
B3  + 
B4  + 
B5  + 
B6  - 
B7  - 
B8  - 
 Table 7: Cost per customer using transshipments 

For only three bakeries savings occur when transshipments are used. However, because the cost per 
customer do not decrease for all bakeries while making use of transshipments, we cannot conclude 
that transshipments lead to lower cost per customer.  
 

4.4. Conclusion 
In section 4.3 calculations were made to find out which variables influence the physical distribution 
costs. Cost per customer decreases if the stop density and utilization rate increases and backhauling 
and retail specific production is not allowed.   
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5. Impact variables on relation between physical distribution costs 
and service level 

In the previous section the influence on the physical distribution costs of each variable was 
investigated. This chapter will reveal how the five variables influence the relation between the 
physical distribution costs and the service level agreements. 
 

5.1. Relation physical distribution costs and service level 
The relation between the cost per customer and the service level can be described by means of two 
situations. The first situation is the case where 
each truck only makes one delivery. In this case, 
all retail stores can be delivered at the same 
(preferred delivery) time.  The service level is 
very high, but the cost per customer is very high 
as well because a lot of routes is needed. The 
second situation is the case where there is only 
one truck, which makes all the deliveries 
(assuming that capacity and volume are not 
restricted). In this case the cost per customer is 
very low, but the service level is very low as well 
because the trucks needs a lot of time to make 
all deliveries. If both points are inserted in a 
graph and the points are connected, we have             Figure 10: Relation SLA and cost per customer      
an efficient frontier,  see figure 10.                                                                                                                                                          

In section 2.6.4 it was stated that an earliness/tardiness measure is used when the change in 
variables can be carried out by making changes and recalculations in the dataset. Changes in the 
amount of routes or allocation of customers to different route cannot be executed, because a route 
planning’s program is needed for this. Recalculations of the arrival, loading and unloading times can 
be made with the module in Access. For the earliness and lateness the following decision variable are 
created: 

𝐸 = ∑𝑀𝑎𝑥{0;𝐷𝑇 − 𝑃𝑇} 
𝐿 = ∑(𝑀𝑎𝑥{0;𝑃𝑇 − 𝐷𝑇})2 

Where 

𝐸  is the earliness outcome 
𝐿  is the lateness outcome 
𝐷𝑇  is the due time 
𝑃𝑇  is the planned delivery time 

The lateness measure is squared because the costs of earliness appear to be much less than the costs 
of lateness (Carey, 1998). There are two types of preferred delivery times. For the Aldi retail stores, 
the preferred delivery time is 8:30 am, while for the other retailers the preferred delivery time is 8:00 
am. The stops at the depot are not taken into consideration in this calculation.  
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If these changes cannot be executed, the impact regarding the relation between the physical 
distribution costs and service level is discussed.  
 

5.2. Influence stop density and retail specific production 
The variables stop density and retail specific production can be taken together in this section, 
because both are influenced by the customer distribution which influence the distribution area. The 
distribution of customers is determined by the head office which allocates the retail stores to the 
bakery and decides if a bakery produces retail specific or not.  In the previous chapter it was 
demonstrated that if customers lie more remote from each other, this leads to higher physical 
distribution costs. To see the difference in earliness/lateness, the retail store outliers from the 
dataset are excluded and the route characteristics are recalculated by the module in Access. Note 
that the retail stores which are excluded are not reallocated to other bakeries. 

  Retail Specific No Retail specific 
Bakery Earliness Lateness Earliness Lateness 
B1 60 4 52 4 
B2 69 8 64 8 
B4 116 1.030 109 1.030 
B5 99 58 97 58 
B6 79 332 75 332 
B8 63 67 48 63 
 Table 8: Earliness and Lateness outcomes in minutes per customer 

From table 8 it can be concluded that the earliness measure decreases for all bakeries and the 
lateness outcome decreases for some bakeries when the retail store outliers are excluded. If the 
lateness measure did not decrease, it might be that the 
retail store outliers were allocated to routes that did not 
have any lateness deliveries. However, for two bakeries 
(B1 and B8) the lateness measure did decrease. This 
means that the service level increases. Therefore, if 
customers are better allocated to the bakeries or when 
there is no retail specific production, the physical 
distribution costs can decrease, while the service level 
remains the same or even increases. This means that 
there is a shift of the efficient frontier; one goes from 
point B to B’ in figure 11. Note that the retail stores 
which acquire more retail stores by reallocating the             Figure 11: Shift of efficient frontier 
retail stores, can have higher physical distribution costs 
or a lower service level.                

5.3. Influence utilization  
In section 4.5.2 it was demonstrated that a higher utilization rate leads to lower costs. Unfortunately, 
when the utilization rate is adjusted, the allocation of customers to a route changes, as well as the 
amount of routes. Because this research does not make use of a planning program, no recalculations 
can be made. Therefore, we cannot calculate the difference in service level when increasing the 
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utilization rate.  However, if a truck delivers more 
customers in a route due to a higher utilization rate, a 
truck should leave earlier to make all deliveries on time, 
else (the probability of) lateness increases. Only, in the 
current situation trucks do not leave earlier to increase 
the utilization, probably because there are community or 
retail restrictions. So, the service level will decrease 
when the same departure times at the bakery are used 
and the utilization rate is increased. This means one goes 
from the current situation, point A in figure 12, to the 
new situation without backhauling, point A’ in figure 12.      Figure 12: Shift on efficient frontier      
                                                                                                                                                                                                          

5.4. Influence backhauling 
In the previous sections it became clear that backhauling causes extra kilometers and unloading time. 
These extra kilometers and time causes extra costs.  Now, we like to know what the impact is on the 
service level if backhauling is not allowed anymore. In Access the module links the backhaul stops to 
the accompanying delivery stop. This means the unloading and departure time of this stop will 
increase, as well as the arrival, unloading and departure times of the next stops. This is recalculated 
as well in Access. The same earliness/tardiness measure is used which was described in section 5.2. 
The difference in earliness and lateness in the situation with backhauling and the situation without 
backhauling can be found in table 8. 

  Current situation Situation Backhauls 
not allowed 

DepotID Earliness Lateness Earliness Lateness 
B1 60 4 54 40 
B2 69 8 52 140 
B3 130 138 129 150 
B4 116 1.030 108 1.266 
B5 99 58 83 1.093 
B6 79 332 74 602 
B7 89 12 86 15 
B8 63 67 61 75 
Table 9: Earliness and Lateness outcomes in minutes per customer 

Table 9 shows that the lateness increases for all bakeries and especially bakeries 1, 2 and 5 have a 
very large increase in lateness. In section 2.6.3 it was shown that not allowing backhauls results in 
cost savings, but it was just demonstrated that this leads as well to a decrease in service level. This 
means that Bakkersland goes from the current situation, point A in figure 12, to the new situation 
without backhauling, point A’ in figure 12.  
    

5.5. Influence congestion 
One cannot influence the variable congestion; one only can take it into account. As stated previously, 
one can 1) avoid congestion by taking another route or 2) one can drive through the congested area 
and have a delay. The leads to more kilometers or more travel time and therefore to more costs. 
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Currently, Bakkersland chooses for the second situation which means a delay, or in other words 
assign more travel time between customers in the route planning. Currently, the planners do not 
take into account the different congestion pressure over the days, because there is no influence in 
the variability over the days (see table 5). Because the largest congestion pressure is taken into 
account when making the planning, this means the same service level can be maintained and 
physical distribution costs can decrease if the planners would take the congestion pressure per day 
into account. This means that on a Saturday less travel time has to be allocated between two 
customers than is needed on a Thursday. This leads to lower travel times and hence lower physical 
distribution costs. Furthermore, this leads to a shift of the efficient frontier, see figure 11. 

If one wants to compare situation 1 and 2, one should first analyze which roads in the Netherlands 
are congested. If a route contains these congested roads, an alternative route must be calculated 
which avoids the congested roads. The costs and service level have to be recalculated as well and 
compared with situation 1. However, it is hard to predict how the physical distribution costs and 
service level are impacted. One the one hand, taking a regional road instead of the high way can 
result in kilometer savings. On the other hand, there are more traffic lights and roundabouts on 
regional roads, which result in a lower driving speed. It depends on the regional road characteristics 
and the magnitude of delay caused by congestion which of the two situations results in lower 
physical distribution costs and how this impact the relation between the physical distribution costs 
and service level.  
  

5.6. Conclusion 
This section investigated how the variables impact the relation between physical distribution costs 
and service level. It can be concluded that a higher utilization rate as well as not allowing backhauls 
lead to lower physical distribution costs, but as well to a lower service level. If retail stores are 
reallocated or when the planning is made more efficient, this leads to a decrease in physical 
distribution costs, while the service level does not decrease.    
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6. Findings 
In this chapter a multivariate analysis is performed to reveal the significant relationships between the 
variables and the physical distribution costs. This chapter investigates two models; one model 
regarding the physical distribution costs and one model regarding the stop density. 
 

6.1. Ordinary Least Squares method 
A multivariate analysis refers to  all statistical techniques that simultaneously analyze multiple 
measurements on individuals or objects under investigation (Hair et al, 2006).One methodology in 
multivariate analysis is the ordinary least squares method (OLS). A regression equation contains 
errors (delta predicted and actual outcome) and OLS minimizes the sum of squared errors. 

When a regression analysis is performed, the outcomes show which variables are significant and 
which are not. The data which is used for the ordinary least squares method contain the cost per 
customer and constructs for the five variables. Each day of the eight bakeries is taken into account, 
which makes the size of the dataset 48 lines. The first 11 lines of the dataset are provided in 
Appendix II. 

The dataset is inserted into SPSS, a statistical program, and the data is checked for outliers using the 
standardized residuals. If these are above 3,29 or when 1% of all observations is above 2,58 or when 
5% of all observations is above 1,96 this can reflect an outlier. There were no standardized residual 
above 3,29. The variable backhauling and congestion had respectively 3 and 6 standardized residual 
outcome above 1.96 which exceeds the 5%.  Because we already have a small dataset and the Cook’s 
distance does not exceed 1 and the maximum Mahalanobis distance is lower than 12, we will not 
remove these observations (Cook’s distance and Mahalanobis distance investigate if there are 
influential cases). The correlation coefficients are all below 0,80 and the variance inflation factors 
(VIF values) are all below 10, which means there is no multicollinearity. The assumptions are checked 
as well, see Appendix IX. The dependent variable for this research is the cost per customer and the 
independent variables are the constructs of the variables stop density, utilization, congestion, 
backhauling and retail specific production.  

The cost per customer is normalized to obtain proper outcomes. The kilometers have the largest 
influence on the cost per customer because the kilometers are used to calculate the travel time and 
both the travel time and kilometers cause costs. A factor is created which reflects the relation 
between the actual total kilometers per bakery and the average total kilometers of all bakeries. The 
cost per customer is divided by this factor in order to obtain the normalized cost per customer. 

The variable stop density reflects the distance between two customers. If this distance between 
customers is large, the total kilometers of a bakery will be relative larger than a bakery which has 
smaller distances between customers. This is reflected in the correlation coefficient between the two 
variables which is 0.48 and significant (see Appendix X). A correlation coefficient varies over a range 
of +1 through 0 to -1 and reveals the magnitude and direction of relationships (Field, 2005). A 
positive correlation coefficient means that if the distance between customers increases, the cost per 
customer will increase as well. Because we normalize for the kilometers, this relation is no longer 
present and probably the variable stop density will not have a significant relationship with the cost 
per customer, while it actually has.    
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There are different ways to enter the independent variables such as block wise entry, forced entry 
and stepwise methods. This research will use the forced entry. This means that all predictors are 
forced into the model simultaneously and the method relies on good theoretical reasons for 
including the chosen predictors (Field, 2005). In the previous chapters the reasons are provided. The 
advantage of the forced entry is that one does not have to make a decision about the order in which 
variables are entered (Field, 2005). 

6.2. First regression model 
The analysis starts with normalized dependent variable cost per customer, the five independent 
variables and a control variable. The control variable should not be significant and when this variable 
is excluded, the R square may not differ too much. The control variable contains the variable day. 
However, dummies are created for this control variable. If the numbers 1 (Monday) till 6 (Saturday) 
are used, this could result in a significant relation between the variable day and the cost per 
customer (for example; at the end of the week more volume is delivered which means more trucks 
are needed, which cause higher costs). The model with the control variables has a R square of 0,404 
and an adjusted R square of 0,244. The R square decreases to 0,394 and the adjusted R square 
increased to 0,322 when the control dummy variables are removed. None of the control dummy 
variables is significant and no variables change from non-significant to significant or vice versa. Now, 
we will continue with the model without the control variable. This model can be described as: 

𝐶𝑝𝑐 = 𝛼 + 𝛽1 ∗ 𝑆𝑑 + 𝛽2 ∗ 𝑈 + 𝛽3 ∗ 𝐵ℎ + 𝛽4 ∗ 𝐶 + 𝛽5 ∗ 𝑅𝑠𝑝 + 𝜀𝑖 

Where  
𝛼   is the intercept of the line 
𝛽1 𝑡𝑖𝑙𝑙 𝛽5  are the coefficients of the predictors 
𝜀𝑖   is the difference between the predicted and observed value of 𝐶𝑝𝑐  

Table 10 gives an overview of the outcomes when all variables are included. The American 
Psychological Association guidelines are used to report the outcomes of the multiple regression 
analysis. The SPSS outcomes can be found in Appendix X. 

Step 1 B se B β 
Constant 76,70   
SD 1,57 0,12 0,52* 
U -39,17 -0,43 0,03* 
Bh 17,08 0,58 0,00* 
C -0,25 -0,4 0,81* 
Rsp -6,44 -0,15 0,34* 
R2= 0,45       Adj R2=0,39      *p<0,05 
Table 10: Outcomes first step 1st model 

The B reflects the relationship between the independent and dependent variable;  it reflects the 
change in the outcome resulting from a unit change in the predictor (Field, 2005).  The standardized 
error B  (se B) provides outcomes which can be compared with each other. In this case, the variable 
backhauling has the highest standardized beta, which means this variable has the highest impact. 
The β is the significant level and is compared with the p-value. The p-value reflects the significance 
level used, which is in this report 0.05.  If the β is larger than the p-value, this means that the variable 
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does not have a significant impact on the dependent variable. In this case, there are three variables 
which have a higher β than the p-value.  

The next step in this analysis is to exclude the variable which is least significant (has the highest β). In 
this case this is the variable congestion (C). The regression analysis is run again. This step is repeated 
until all variables have a significant influence (β<0,05). This results in the outcomes shown in table 
11. One can see only the variables utilization (SD) and backhauling (Bh) can explain the difference in 
cost per customer and the other variables are excluded and hence do not have a significant impact 
on the physical distribution costs.  

Step 4 B se B β 
Constant 81,20   
U -53,68 -0,59 0,00* 
Bh 19,77 0,67 0,00* 
R2=0,41     Adj R2=0,38    *p<0,05 
Table 11: Outcomes last step 1st model 

There exist a negative relationship between the variable utilization and the cost per customer. This 
means that a lower utilization rate is linked with higher cost per customer, which is according to our 
expectations. Between the variable backhauling and cost per customer there exist a positive 
relationship; more backhaul kilometers lead to higher costs. Our expectation regarding the relation 
between backhauling and cost per customer is met. Furthermore, our expectation regarding the stop 
density is met as well; the stop density did not have a significant influence on the (normalized) 
dependent variable. 

6.3. Second regression model 
In the second model, the relationships between the variables utilization, backhauling, congestion and 
retail specific production and the dependent variable stop density are investigated. The expected 
relationships were stated in section 2.7. The second model can be described as: 

𝑆𝐷 = 𝛼 + 𝛽1 ∗ 𝑈 + 𝛽2 ∗ 𝐵ℎ + 𝛽3 ∗ 𝐶 + 𝛽4 ∗ 𝑅𝑠𝑝 + 𝜀𝑖 

First, the model is run with the dependent variable stop density, the four independent variables and 
the dummy control variables (day). If the control dummy variables are excluded, the R adjusted 
increases from 0,430 to 0,492, the R square only decreases with 0.04. There are no variables which 
change from non-significant to significant and none of the control dummy variables are significant. 
Table 12a gives an overview of the outcomes of the first step and table 12b gives the outcomes of 
the final model. The SPSS outcomes can be found in Appendix X. 

Step 2 B se B β 
Constant -0,53   
U -2,91 -0,437 0,00* 
Bh 1,09 0,50 0,00* 
C 0,27 0,60 0,00* 
R2= 0,53   Adj R2=0,50   *p<0,05 

 
Table 12a: Outcomes first step  2nd model     Table 12b: Overview outcomes last step 2nd model 

Step 1 B se B β 
Constant -0,34   
U -2,69 -0,40 0,01* 
Bh 1,05 0,49 0,00* 
C 0,27 0,59 0,00* 
Rsp -0,16 -0,052 0,70* 
R2= 0,54   Adj R2=0,49   *p<0,05 
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From table 12b it can be concluded that the variables utilization, backhauling and congestion have a 
significant influence on the stop density. The variable utilization has a negative relationship with 
respect to stop density. This means that a lower utilization rate is linked to a larger distance between 
customers and hence a smaller stop density. This is according to our expectations. We expected as 
well that if the stop density decreases (larger distance between customers), this would lead to a 
lower amount of backhaul kilometers. However, there is a positive relation between the backhaul 
kilometers made and the distance between customers. Our expectation is therefore not met.  An 
alternative explanation can be that if bakery with a small stop density makes use of backhauls, the 
backhaul kilometers per customer will be relative larger than the backhaul kilometers per customer 
for a bakery with a large stop density. The construct for congestion contains the average driving 
speed in the congested time window. The outcome of table 12b shows that there is a positive 
relation. This means that a higher driving speed is related to more distance between customers. In 
other words: a bakery with a lower stop density, suffers less from congestion than a bakery with a 
larger stop density. This is according to our expectations.  

The last relationship which was described in section 2.7 was the relation between congestion and 
backhauling. We expected that a bakery makes more use of backhauling when there is more 
congestion. There exist a significant, negative correlation (of 0,33) between the two variables, see 
Appendix X.  This means that a higher driving speed leads to less backhaul kilometers. In other words: 
if a bakery has a higher congestion pressure, this result in more backhaul kilometers, which means 
our expectation is met. 
 

6.4. Cost reductions 
The outcomes of the multivariate analysis have shown that the stop density, the utilization rate and 
backhauling have a significant direct impact on the physical distribution costs. Now, the cost per 
customer in the current situation is compared with the cost per customer in the case where the stop 
density  and utilization rate is the same for all bakeries and backhauling is not allowed. The formula 
of section 4.2 is used to calculate the cost per customer. The input total kilometers is obtained with 
the adjusted formula of Christofides and Eilon. For the current situation, the outcome of this formula 
is multiplied by a factor. This factor is calculated by dividing the Haversine distances with backhaul 
kilometers by the Haversine distances without backhaul kilometers. Because of this, the Christofides 
and Eilon formula is adjusted with the backhaul kilometers. In the current situation, the actual 
utilization rate is used as well as the actual distribution area. In the new situation, the same 
utilization rate of 0.7 is used and the distribution area is adjusted so there are 2,5 customers per 100 
km2. Table 13 shows the cost per customer in the different situations.  
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  Cost per customer   Cost per year   

  
Current 
situation 

New 
situation N # weeks 

Current 
situation 

New 
situation Delta costs 

B1  + 754 52  +  
B2  + 1017 52  +  
B3  - 783 52  -  
B4  - 705 52  -  
B5  + 1266 52  +  
B6  - 1092 52  -  
B7  - 540 52  -  
B8  - 637 52  -  

Total         - -  
Table 13 Overview cost reductions 

As one can see the cost per customer decreases for 5 of the 8 bakeries. The distribution area 
increases for two bakeries which lead to an increase in cost per customer. Taking all bakeries into 
account, cost per customer can be lowered on average by almost 6%.  

Adjusting the allocation of retail stores and utilization rate and not allowing backhauling has some 
consequences which result in costs as well. Logistic service providers need to invest in trucks with 
two tailgates so empty crates do not get in way of unloading the bread at the next deliveries. 
Furthermore, even with reallocation of retail stores, it is possible that acquiring 2,5 customers per 
100 km2 is not possible. 
 

6.5. Conclusions 
This chapter revealed the significant relationships between the five variables and the cost per 
customer as well as the significant relationships between the four variables and the variable stop 
density. The variables utilization, backhauling and congestion influence the stop density and hence 
indirect the cost per customer (physical distribution costs). The stop density, utilization and backhaul 
variable directly influenced the cost per customer (physical distribution costs) significantly. Cost per 
customer can be lowered on average by 6%. Furthermore, between the variables congestion and 
backhauling there is a significant relationship.  
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7. Conclusions, recommendations and limitations 
In this chapter the findings of the report are converted into conclusions and recommendations. 
Furthermore, the limitations and subjects for further research are stated. 
 

7.1.  Short description 
Currently, there is a lack of knowledge and insight regarding the performance of the bakeries with 
respect to the physical distribution costs and service level. Bakkersland has a performance 
measurement system, but the outcomes per bakery cannot be compared with each other and the 
service level is not integrated in this performance measurement system. Therefore, this research 
wants to find the answer on the following research question: 

 

 

This report investigated which variables have an influence on the physical distribution costs and the 
relation between physical distribution costs and service level. The outcomes show which variables 
can explain the differences in performance between bakeries. We started to find variables in 
literature and at the company that could influence the physical distribution costs. For each variable 
the relation with the physical distribution costs was stated. The tariffs were recalculated with the 
activity based costing method. First, the influence on the physical distribution costs was calculated 
when each of the five variables is changed. The influence of service level regarding the physical 
distribution costs could not be measured because service level could not be adjusted in a costs 
measure. Furthermore, the impact of each of the five variables on the relationship regarding the 
physical distribution costs and service level was investigated using an earliness/lateness measure.   
Last, the constructs which were created for each variable were used as input for a multivariate 
analysis. The outcomes of the regression analysis showed which variables influenced the physical 
distribution costs significant.  
 

7.2. Conclusions 
In this report, the tariffs were recalculated and compared with the tariffs of Bakkersland and the 
tariffs calculated by EVO for Bakkersland. The greatest difference in tariffs was between the ABC 
outcomes and the EVO outcomes. This is because EVO assumes a private fleet. There are differences 
between the tariffs of the ABC method and Bakkersland due to a difference in assumptions and 
granting the costs. However, Bakkersland makes some loose assumptions and adaptations in their 
calculation method and therefore the ABC tariffs give a more valid representation.  

We have shown that the variables stop density, utilization and backhauls have a significant impact on 
the physical distribution costs. If retail stores lie more remote from each other, more kilometers have 
to be driven to make the deliveries which results in higher physical distribution costs. A lower 
utilization rate leads to less stops per route and therefore to higher physical distribution costs. 
Backhauling causes extra kilometers and unloading time and therefore to higher physical distribution 
costs. These variables have an impact as well on the relation between the physical distribution costs 
and service level. Reallocating the retail stores leads to smaller distances between customers and 
therefore to lower physical distribution costs but as well to the same or even a higher service level.  

To what amount can costs per bakery be lowered by acquiring more insight in performance, 
service level and physical distribution costs? 
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Increasing the utilization rate or not allowing backhauls causes cost savings, but this leads as well to a 
lower service level. 

Furthermore, there are some practical disadvantages when backhauling is not allowed. For example, 
on Mondays the empty crates of Saturday are taken retour. The empty crates have more volume 
than the delivery has and these empty crates would be an obstacle at the second delivery. This 
disadvantage can be overcome if Bakkersland would use trucks with two tailgates, one at the back of 
the truck and one at the front side. The front side of the truck must be empty, so the empty crates 
can be loaded at the front side and stacked there. In this case the empty crates of customer 1 are no 
obstacle when the volume of customer 2 is unloaded. 

When analyzing the congestion pressure over the different weekdays it became clear that the 
congestion pressure for the bakeries of Bakkersland does not differ over the weekdays although the 
congestion pressure does, according to the VID. This is explained by the fact that the planners of 
Bakkersland take into account the congestion delay when making the planning; the travel times 
between two retail stores is broad enough to cover for the largest congestion pressure of a week. 
However, if the route planning causes no late deliveries on a day with high congestion pressure, this 
means there is too much time allocated for the travel time between customers on days with a 
low(er) congestion pressure. Therefore, the route planning can probably made more efficient.  

Furthermore, the outcomes of the regression analysis revealed a significant relation between 
congestion and backhauling. A bakery with deliveries in a more congested area, has more backhaul 
kilometers per customer. This means backhauling is used as well to compensate the congestion 
pressure.  

The outcomes of the multivariate analysis showed as well that the variables utilization, backhauling 
and congestion did influence the stop density significantly. A lower utilization rate leads to a lower 
stop density and therefore to higher physical distribution costs. More backhaul kilometers are made 
when the stop density increases which causes higher physical distribution costs. Last, a higher 
congestion pressure is related with a higher stop density.  

The consequences of the outcomes are that the H0 hypothesis of hypotheses 1 till 5 is rejected. The 
H0 of hypothesis 6 is confirmed, which means that the variable retail specific production does not 
influence the physical distribution costs significantly. Retail specific production at Bakkersland leads 
to a larger average distance between customers and a larger distribution area which should impact 
the stop density. However, the outcomes of the regression analysis did not show a significant 
influence. It could be that the distribution area does not differ significantly in the case with or the 
case without retail specific production. Another explanation could be that the construct for retail 
specific production does not properly reflect the variable.  

When comparing the current situation (with actual stop density, utilization rate and backhauls) with 
the new situation (with same stop density, utilization rate and no backhauls) it became clear that on 
average 6 % of the physical distribution costs can be lowered. If routes are not made more efficient 
or cannot start earlier, the service level will decrease.  
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7.3. Recommendations 
From the conclusion the following recommendations can be stated: 

The ABC method lead to more representative tariffs compared to the tariffs which are the outcomes 
of the Bakkersland calculation method. Therefore we would like to recommend Bakkersland to 

- Review the current calculation method and base it more on the ABC methodology or only 
use the ABC methodology 

The stop density influences the physical distribution costs significantly. The distribution of customers 
and distribution area determine the amount of stops that can be made. In section 4.5.1 it was shown 
that the cost per customer decreases severe if the customer density of the bakeries was adjusted. 
Furthermore, we showed in section 5.2 that the service level does not increase when customers are 
reallocated. Therefore the first recommendation in order to lower the physical distribution costs 
without a decrease in service level for Bakkersland is: 

-  Reallocate the customers to obtain a better customer distribution and distribution area per 
bakery   

The utilization rate influences the physical distribution costs significantly as well as the stop density 
which influences the physical distribution costs again. A higher utilization rate leads to lower costs, 
which is shown in section 4.5.2. However, a disadvantage is that it becomes harder to remain the 
current service level if trucks cannot start earlier. Currently this is not possible due to community and 
retail store restrictions. However, access to the storage room of a retail store can solve the retail 
store restrictions. For retail stores it is beneficial to ‘share’ the key with Bakkersland if this results in 
lower costs.  Therefore the second recommendation in order to lower the physical distribution costs 
without a decrease in service level is for Bakkersland is: 

- Increase the utilization rate of a truck  and acquire more access to storage rooms 

Both backhauling and broad travel times between customers in the planning are used to deal with 
the congestion pressure. Bakkersland should investigate which of the two solutions to deal with 
congestion pressure. However, the degree of backhauling impacts the physical distribution costs and 
the stop density as well. Backhauling causes more kilometers, travel and unloading time, which 
results in higher cost per customer. Both the outcome of the multivariate analysis and the 
calculations of section 4.5.3 show that not allowing backhauls causes a decrease in the physical 
distribution costs. However, a disadvantage is that if backhauls are not allowed, the service level 
decreases as well if trucks cannot start earlier.  Therefore, the physical distribution costs can be 
lowered by having more access to the storage room. The third recommendation for Bakkersland in 
order to lower the physical distribution costs without a decrease in service level for Bakkersland is: 

- Prohibit backhauls, invest in new trucks, acquire more access to storage rooms or make the 
route planning more efficient. 

If more access to the storage rooms is not possible, we recommend Bakkersland to: 

- make a trade-off between allowing backhauls and maintain the current service level or lower 
the service level and acquire physical distribution cost savings 
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Bakkersland bases their calculations on the planned data. However, more useful insights can be 
acquired when the calculations are made with the actual execution data. The actual data can be 
compared with the planned data to acquire insights. Therefore we would like to recommend 
Bakkersland:  

- Acquire the actual execution data from the logistic service providers or invest in board 
computers  

7.4. Limitations and further research 
Because this report is made within a scope, limitations occur. The major limitation of this research is 
the use of planning data instead of the actual execution data, but unfortunately, the execution data 
is not available at Bakkersland. Working with actual data acquires more representative outcomes. 
Currently, Bakkersland is working on an integrated system with board computers so they acquire the 
actual execution data in the future. When this data is present, further research is needed, which can 
reveal more accurate outcomes and insights, especially regarding the service level and impact of 
congestion.  Another limitation is that there was only data available from eight of the eleven daily 
fresh bakeries. When the data of all bakeries could be used, this leads to stronger outcomes and 
improves the validity of the data analysis. Furthermore, during the data collection errors can be 
made and because a model is used, oversimplification can occur. Last, there are other parameters 
that have an influence on the distribution costs, which were out of scope in this report. Further 
research can be conducted to investigate the impact of these variables regarding distribution costs. 
Furthermore, the impact of congestion and the way Bakkersland respond to this by means of 
backhauls and wide travel time windows is a subject for further research. 
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Appendix I:   Variables out of scope 

Production 
In a timeliness study performed by Bakkersland it is shown that in 8% of the cases, the delay is due to 
the bakery. The reasons mentioned for the delays (setting wrong time windows, wrong norms and 
wrong tickets on the crates) are not caused by production, but by administration (see warehousing). 

There are two types of inefficiencies; allowable (setup times etc) and illicit inefficiencies, but these 
are taken into account by not having a high utilization. There are 134 (5x23 hours and Sunday 19 
hours) hours per week for production, for which 4.5% of the time is for cleaning and setups. If  
preventive maintenance is needed and the production has a chance of delay, then the orders of that 
bakery can be taken over by another bakery. 

Every week there is a breakdown in one of the bakeries which would delay the production and 
transportation. If a breakdown occurs, 5% of the production hours is lost, where 3,5% is solved by 
more transportation and 1,5% isn’t solved and causes a delay. If a delay occurs there is no penalty. If 
5% of production hours is lost, this means that 6 hours per week there is no production. An average 
bakery produces 83800 breads per week in 128 hours. In 6 lost hours, 3930 breads could be made. 
3.5% of this 5% (70%) is solved by using 4.3 trucks from another bakery (4.3 trucks deliver 2750 
breads). One route costs on average 305 euro, so using 5 trucks costs 1525 euro, which is 3.8% of the 
total distribution costs of an average bakery per week. This is less than 5%, and therefore this 
variable does not have to be taken into account. 

Inventory 
Bakkersland is a company that delivers daily fresh products and therefore cannot hold inventory 
longer than 24 hours. For specialties, the perishable date is around 7 days, and the inventory holding 
is around 2 days. Because we deal with a daily fresh product, inventory does not have an impact on 
logistics costs and the service level agreements (because there is no inventory hold). 

Warehousing 
The timeliness study at Bakkersland shows that there are very little flaws in picking at the bakeries. In 
8% of the cases, the delay is due to the bakery. The reasons mentioned for the delays did not have to 
do with production but with administration. Reasons that were mentioned were establishment of 
wrong time windows, wrong norms and wrong tickets on the crates; the flaws were made by 
administration. 

With respect to ordering; Bakkersland uses an EDI ordering system, which is according to van der 
Veen and Robben (date unknown) a system that can communicate very well and makes less flaws 
when dealing with orders, thereby there are less rush orders and thus less costs.  

Customer service; there are a couple of employees that are working on customer service, in total per week 1ft 
is dealing with complaints, this costs around 700 euro per week. Total distribution costs per week per bakery 
are around 40.000 euro. The customer service is only 1.6% of total distribution costs, which is smaller than 5%, 
therefore we do not need to take this variable into account. 

Retailer 
In the timeliness research for six bakeries at Bakkersland one looked at the reasons of delivery delay. 
In 36% of the cases, the delay is due to the retailer. The reasons for this are that shop personnel is 
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too late, a truck has to wait for a DC truck or ‘fresh’ truck at the retailer unloading’s place, there is a 
checkout process, there is nobody present or the truck is too late because it had delays at the 
previous retailer. This variable cannot be taken into account in the model, because Bakkersland does 
not have an influence on the variables and there is no data present due to absence of a board 
computer. 

Force majeure 
Force majeure is for example bad weather conditions, accidents and traffic jams. This variable cannot 
be taken into account in the model, because Bakkersland does not have an influence on the variables 
and there is no data present due to absence of a board computer.  
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Appendix II:  First cases of the main datasets 

Dataset with route details 
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Dataset with route data 

 

 

Dataset for multivariate analysis 
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Appendix III  Data changes 
BL Breda; no duplicates or flaws in distance/ driving speed. 

BL Bunschoten; One customer number had the wrong postal code, the right postal code is found at 
the website of the retail site and the latitude and longitude is changed as well. There were four 
routes where the unloading times were not correct. The route times are calculated again for these 
routes. 

BL Emmeloord; For five routes the route times needed to be calculated again because the unloading 
times were not correct (too low). There were two routes with duplicates and two new customer 
numbers were created. One stop is deleted because the volume is transferred to another truck (this 
stop is outsourced) and another stop is deleted because the stop was double. For one stop, the name 
and address needed to be changed. 

BL Hedel; One stop is deleted because the volume of this stop is transferred to another truck (this 
stop is outsourced). Two routes missed some unloading times and departure times, so the routes 
were calculated again. 

BL Kerkrade; There are three stops where the address needed to be changed. In one route stop t+1 is 
delivered before stop t and the times are switched because else the departure and arrival times are 
not correct. There was a duplicate and two new customer numbers are created. There are four stops 
where the driving speed is around zero, but this is because the two retail shops lie across from each 
other. 

BL Ridderkerk; There is one duplicate and a new customer number is created. For four routes the 
unloading times were not correct (too low) and were calculated again. 

BL Terneuzen; In one route stop 1 till 8 are deleted because this is an intra-route between BL Breda 
and BL Terneuzen. BL Terneuzen takes over some deliveries because this results in cost savings. In 
another route, there are two retail shops that lie very close to each other, therefore the driving 
speed is zero.   

BL Waalwijk; There were two stops were the addresses needed to be changed and one route needed 
to be calculated again due to wrong unloading times. 

 

Bakery Route Stop 
number 

Customer 
number 

Problem Solution 

Breda -   - - - 
Bunsc
hoten 

7 6 and 7 10040 Wrong address details postal code is changed in 
3761CM 

  6    Wrong unloading 
times 

calculated new route times 

  14    Wrong unloading 
times 

calculated new route times 

  28    Wrong unloading 
times 

calculated new route times 

Emme 1     Wrong unloading calculated new route times 
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loord times 
  4    Wrong unloading 

times 
calculated new route times 

  13    Wrong unloading 
times 

calculated new route times 

  15    Wrong unloading 
times 

calculated new route times 

  19    Wrong unloading 
times 

calculated new route times 

  3 6 and 7 29920 Duplicate changed in 73490  
  7 4 and 3 

on fr&sa 
  Outsourced Deleted the stop + changed 

times 
  8 7   Double stop Deleted one stop 
  20 4   Wrong address details changed name and address 

details 
  13 5 and 6 36519 Duplicate changed in 36518  
Hedel 9 2   Outsourced Deleted the stop 
  4    Wrong unloading 

times 
calculated new route times 

  8    Wrong unloading 
times 

calculated new route times 

Kerkra
de 

7 4   Wrong address details changed address details 

  8 1   Wrong address details changed address details 
  17 14 and 

15 
  Stop 15 delivered 

before stop 14 
switched the arrival and 
departure times 

     27103 Duplicate A1 becomes 27084, A2 becomes 
27084 

  21 4   Wrong address details changed address details 
  25 2 34410 Wrong address details changed address details 
Ridder
kerk 

35 1 and 2 83222 Duplicate becomes 83223 

  6    Wrong unloading 
times 

calculated new route times 

  7    Wrong unloading 
times 

calculated new route times 

  8    Wrong unloading 
times 

calculated new route times 

  15    Wrong unloading 
times 

calculated new route times 

Terne
uzen 

81 1 till 8   Inter route between 
Breda and Terneuzen 

deleted stop 1 till 8 

Waal
wijk 

704 5 10599 Wrong address details becomes postal code 6071 LM 

  715 6 2525 Wrong address details 
& customer number 

postal code becomes 5981NC 
and CN 31 

  716     Wrong unloading 
times 

calculated new route times 
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Appendix IV: Activity based costing  
According to van Damme (2008) there are seven steps that one should take into account when using 
ABC, we will use five steps because we do not have to determine the project group (step 1) and we 
want to establish tariffs so we do not need to calculate the costs of the activities to the cost objects 
(step 7). 

1. Which process is taken into account? And which activities in the process? 
The process that we want to take into account is the process from loading the truck at the 
bakery until it is unloaded again at the bakery at the end of the route. The activities that are 
part of the process is the loading time at the bakery, the driving time, (un)loading time at the 
retail shop and the unloading time at the bakery. The calculation is made with used of one 
truck/employee over a year. 

2. What are the costs? (classified by production resources) 
The costs are found at the Belastingdienst website, data of EVO, Bakkersland and TNL 
website, see Appendix 1. 

3. Classify cost causers such as time, space or volume 
Van Damme (1997), Mentzer and Konrad (1991) and Baykasoglu and Kaplanoglu (2007) state 
the cost production resources and cost and activity causers (centers) as can be seen in table 
2  

4. Calculate the costs of the production resources to the activities (costs per activity) 
From the data of Bakkersland the average hours needed to unload at the bakery and retailer 
are found, as well as the average driving time. For each action the percentage of total time 
needed is calculated and multiplied by the Number of costs of the corresponding resources 
to obtain the costs per activity. The resources that are not part of the loan of the employee, 
are assigned to the activities ‘Transportation’ and ‘Vehicle Maintenance’. The outcome of the 
costs per activity are shown in table 2.  

5. Classify the activity causers so the costs of an activity can be calculated to the cost objects 
See table 2. To calculate the cost driver rate we used the following formula stated by 
Baykasoglu and Kaplanoglu (2007) 

𝐶𝑜𝑠𝑡 𝑑𝑟𝑖𝑣𝑒𝑟 𝑟𝑎𝑡𝑒 =
𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑐𝑜𝑠𝑡 𝑝𝑜𝑜𝑙 𝑎𝑚𝑜𝑢𝑛𝑡

𝑆𝑒𝑐𝑜𝑛𝑑 𝑠𝑡𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑑𝑟𝑖𝑣𝑒𝑟 𝑣𝑜𝑙𝑢𝑚𝑒
 

For all activities, except vehicle maintenance the hours are used as ‘second stage cost driver volume’ 
(number of kilometers for vehicle maintenance). The costs per activity are the input for the activity 
cost pool amount. The outcome of the cost driver rate can be found in table 2. 

Resources Amount Cost driver 
Vehicle depreciation costs 10934,16 Distance (km) 
Employees insurance costs 5209 Number of personnel 
Motor vehicle taks 272 Number of vehicles 
Eurovignette 750 Number of vehicles 
Maintenance 480 Distance (km) 
Interest 4368 Number of vehicles 
telephone bills 200 Transaction duration 
Tires 3331,543 Distance (km) 
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Fuel 75821,33 Distance (km) 
Maintenance and repair 12924,09 Distance (km) 
Smeermiddelen 1493,45 Distance (km) 
Wages 36761,42 Number of personnel 
Social securities 11028,43 Number of personnel 
Surcharges 939,08 Number of personnel 

Total €164512,5   
Table 1a Cost overview truck   
   
   
Resources Amount Cost driver 
Vehicle depreciation costs 13388,91 Distance (km) 
Employees insurance costs 6250 Number of personnel 
Motor vehicle taks 272 Number of vehicles 
Eurovignette 1250 Number of vehicles 
Maintenance 960 Distance (km) 
Interest 5823,765 Number of vehicles 
telephone bills 200 Transaction duration 
Tires 7869,335 Distance (km) 
Fuel 75821,33 Distance (km) 
Maintenance and repair 17806,52 Distance (km) 
Smeermiddelen 1493,45 Distance (km) 
Wages 36761,42 Number of personnel 
Social securities 11028,43 Number of personnel 
Surcharges 939,08 Number of personnel 

Total €179864,2   
Table 1b Cost overview  combination 

 

Activities Costs 
2nd stage cost 
drivers 

2nd Cdriver 
Amount 

Cost 
driver rate  Explanation 

Loading bakery 4872,89 Duration (hours) 203,63 23,93 cost per hour loading 
Transportation 21633,16 Duration (hours) 1044,37 20,71 costs per hour transportation 
Driver 25339,04 Duration (hours) 1044,37 24,26 costs driver per hour transport. 
Unloading Retail shop 13744,10 Duration (hours) 573,51 23,96 cost per hour unloading retailer 
Unloading bakery 4872,89 Duration (hours) 203,63 23,93 cost per hour unloading bakery 
Vehicle Maintenane 94050,41 Distance (km) 287202,00 0,33 costs maintenance per km 

Total €164513         
Table 2 Activities (cost pools) and their relational costs and cost drivers for a truck 
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Figure 1: R square of the ABC outcomes(red is ABC and blue is Bakersland tariff 
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Appendix V:   Tariffs ABC, Bakkersland and EVO 
 

  Bakkersland ABC EVO 
Wages  - - 
Fixed cost      
truck  + - 
euro  + - 
Variable cost      
truck  + + 
euro  - + 

 Table 1 Overview tariffs 
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Appendix VI :  Density factor 
From the data we know the actual distances from Intertour and via the Haversine distance we know 
the distances between stops as well. Disadvantage of the Haversine distance is that it does not take 
into account the density of a country. Therefore we need to multiply the outcomes of the Haversine 
distance with a (density) factor of the Netherlands. 

In literature, we can find that the density factor of the Netherlands is 1.30 but we want to investigate 
if this 1.30 is valid for our dataset as well. 

We therefore make a scatterplot; on the x axe the Haversine distances and on the y axe the actual 
distances. We take into account the actual distances above 5 km and add a trend line, see figure 1. 

 
Figure 1: Haversine distance vs the Actual distance 

From figure 1 we can conclude that the linear relation has a high R square and we must use a density 
factor of 1,37 instead of 1.30.  

y = 0,9727x + 1,3726
R² = 0,9606
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Appendix VII:  Formula Christofides and Eilon 
The adjusted formula from Christofides and Eilon is used to calculate the expected distance of a 
bakery. This formula is chosen because it takes into account the stops that are made, the surface 
area and the routes (capacity) that are needed per bakery, which rely to some of the variables that 
influence the distribution costs. But, this formula only can be used when the retail stores per bakery 
are randomly distributed. The null hypothesis can be stated as: the distribution area consists of 
points that are independently and uniformly distributed. The formula of Evans and Clark (1954) will 
be used to investigate if the null hypothesis is confirmed; 

𝐶𝑒 = {𝑑 − 𝐸(𝑑)}/√(𝑑) 

 
Where Donnelly (1978) made the following approximations for a binominal process: 

𝐸(𝑑) = 0.5 ∗ �
𝐴
𝑁

+ 0.514 + �
0.412
√𝑁

� ∗ (
𝑃
𝑁

) 

𝑉𝑎𝑟(𝑑) = 0.07 ∗
𝐴
𝑁2 + 0.037 ∗ 𝑀 ∗ �(𝐴/𝑁

5
2 

Where  
𝐸(𝑑)  is the expected distance between customers 
𝐴    is the surface area of a bakery 
𝑁  is the number of customers in the surface area 
P  is the periphery of the service area 
𝑉𝑎𝑟(𝑑)   is the variation in distance 
 
The outcome of these formulas can be found in table 7.1 for the eight bakeries. 

  
Average 
distance E(d) var (d) Ce 

Breda 15,7 40,6 19,5 -1,28 
Bunschoten 6,15 15,0 9,9 -0,89 
Emmeloord 17,1 31,7 15,3 -0,96 
Hedel 15,6 37,2 16,7 -1,29 
Kerkrade 9,23 8,9 4,3 0,07 
Ridderkerk 7,64 14,2 10,1 -0,65 
Terneuzen 10,1 25,4 7,5 -2,03 
Waalwijk 9,29 20,0 11,5 -0,94 

Table 7.1 Outcomes Clark and Evans 
 
To see if the hypothesis has to be rejected or confirmed we will compare the 𝐶𝑒 outcomes with the 
Chi square distribution. Because the N is large for all bakeries, the critical values are all above 97. This 
means that the hypothesis is confirmed and the retail stores are independently and uniformly 
distributed. This means that the formula of Christofides and Eilon can be used. 
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Christofides and Eilon (1969) created a formula to calculate the expected route length, depending on 
the amount of routes, customers and surface of an area. In the formulas, over parameterization must 
be avoided, therefore we will use two formulas to estimate the amount of customers and routes; 

𝑁 = 𝑉𝑡/𝑑 

And 

𝑀 = 𝑉𝑡/𝐶 

Where 
N= number of customers 
M= number of routes 
Vt= total demand per bakery 
d= mean drop size 
C= available capacity per bakery 

The following outcomes are obtained for dataset of Hedel 45: 

  Estimation Actual difference 

M 94 120 -22,02% 

N 124 126 -1,58% 

Table 1 Outcome formulas 

We can see that the number of customers can be estimated good, but the estimation of M has a too 
large deviation. Each bakery has to deal with time windows and need to deliver the bread in these 
time windows. The trucks cannot leave at the bakery too early because they cannot drop the order at 
every retail shop because there is nobody present at the retail shop. Therefore, the trucks are 
restricted by time and not by capacity and according to Rutte (2001) the utilization factor is therefore 
smaller than 1. We will use the following formula to estimate the number of routes; 

𝑀 = 𝑉𝑡/(𝑈 ∗ 𝐶) 

U is in this formula the utilization rate and is taken 80% as input for the formula. The outcomes for 
both formulas are shown in table 2 and it can be concluded that the formulas make good 
estimations. 

  Estimation Actual difference 

M 117 120 -2,52% 

N 124 126 -1,58% 

Table 2 Outcome formulas 
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Christofides and Eilon (1969) developed the following formula to establish the total route lengths in 
an area with a certain amount of customers; 

𝐸(𝑑𝑣𝑟𝑝) = α ∗ 2M ∗ �0.383 ∗ √A� + β ∗ k ∗ √(A ∗ N) 

Where 

α  is the constant 0.9 
𝑀  is the number of routes 
𝐴  is the surface area 
β  is the constant 0.91 
𝑘   is the constant 0.75 
𝑁  is the number of customers in the surface area 

The first part of the formula can be interpreted as the detour of each route to a customer, while the 
second part of the formula can be interpreted as the distance travelled with a travelling salesman 
(Broekmeulen, 2010).   

Note that the distances that are used as input need to be multiplied by a factor 1.37 (appendix Ic), 
which is the density factor.  
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Appendix VIII:  Relation VEH  and stopping time 
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Appendix IX:  Assumptions SPSS 
If you want to draw conclusions about a population based on a regression analysis don, several 
assumptions must be met (Field, 2005). Below, the assumptions are mentioned and it is stated if they 
are met or not. 

Variable types: All out predictor variables are quantitative or categorical, as well as the outcome 
variable 

Non zero variance: The variances of all predictors are above 0 

No perfect multicollinearity: The VIF values are between 1,5 and 3,5 but not larger than 10, which 
means that there is no perfect multi collinearity 

Predictors are uncorrelated with ‘external’ variables: This report only takes into account a smaller 
part of the distribution logistics. However, the cost per customer depends only on the variables that 
are taken into account in this report and therefore we suppose this assumption is not violated. 

Homoscedasticy: the scatterplot of standardized residuals and standardized predicted values show 
that the points are randomly and evenly dispersed throughout the plot. 

Independent errors: two residuals of two observations should not be correlated. Therefore the 
Durbin Watson test must be between 1 and 3. The outcome of our Durbin Watson test is 1,00, which 
means this assumption is not violated. 

Normally distributed errors; the residuals should be normally distributed variables with a mean of 
zero. The histogram of the residuals shows that they are normally distributed; therefore this 
assumption is met.  

Independence: It is assumed that all of the values of the outcome variable are independent 

Linearity; the modeled relationship should be a linear one. The mean values of the outcome variable 
should be on a straight line, which can be seen in the normal P-P plot of regression standardized 
residuals of the dependent variable. The outcomes are all along the straight line, the linearity 
assumption is met. 
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Appendix X: Outcome SPSS 

Correlation coefficient between stop density and cost per customer:

 

Model 1: Dependent variable cost per customer, start with independent variables stop density, 
utilization, backhauling, congestion and retail specific production. Final outcomes are: 
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Model 2: Dependent variable stop density, start with independent variables utilization, backhauling, 
congestion and retail specific production. Final outcomes are: 
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Correlation coefficient between congestion and backhauling 
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