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Abstract 
A large part of the daily costs for DHL Express Eindhoven are shipments that cannot be 

delivered due to a customer not being home or a company being closed on arrival. Therefore it 

is important for DHL Express Eindhoven to gain insight into why and when these cases occur, 

after which they can try to improve the situation. To solve this problem, I have performed an 

analysis on the shipments data from January 2016 to June 2018. By plotting the performance 

against a number of variables, a lot of details concerning the performance are uncovered, as 

well as existing theories being confirmed or rejected. This research has provided DHL Express 

Eindhoven with the necessary insight as well as a couple of important findings, on which can 

be acted. DHL Express Eindhoven is already doing a good job, the performance shows a 

significant increase from 2016 to 2017 and from 2017 to 2018 as well. However, there are still 

areas which can be improved upon. The most important points of improvement are first of all, 

to advance all B2B shipments as early as possible on a day to day basis. This is because the 

modus of unsuccessful deliveries takes place in the time window of 17.00 to 18.00. Secondly, 

certain dates show a yearly repeating significant increase of failed B2B deliveries. Based on 

historical data, a list can be made of companies expected to be closed on a certain date. These 

companies can then be contacted to determine whether or not they are actually closed. 

Shipments destined to a company known to be closed, can then be hold at the facility instead 

of attempting a delivery. Lastly, looking at B2C shipments, certain areas can be identified 

where performance is abnormally low, mostly city centres. These areas can be specifically 

targeted to investigate on how to improve the performance.  
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1 Introduction 

1.1 About the company 

DHL Worldwide Express was founded in 1969 in the United States. It is named after its three 

cofounders; Adrian Dalsey, Larry Hillblom and Robert Lynn. It started out as a service that 

shipped customs documents by plane. This shortened the time to deliver by a significant 

margin. DHL Worldwide Express grew fast and soon started with regular parcel delivery as 

well. Fast forward to 2002 and DHL Worldwide Express is a pioneer in worldwide express 

shipping with over 71,000 employees. It is also in this year that DHL becomes a wholly owned 

subsidiary of Deutsche Post. The company will continue under the name Deutsche Post DHL 

(DPDHL Group). In Appendix A, all major events that happened to DHL Express are given in 

chronological order. 

In Figure 1 the current organizational set up of DPDHL Group is shown. 

 

Figure 1 DPDHL Group organizational set up 

 

In 1989 DHL Express Service Centre Eindhoven is founded. Currently there are about 150 to 

200 employees (110 full time equivalent) active at the service centre in Eindhoven. The facility 

processes an average of about 3400 shipments per day, equivalent to about 856,800 shipments 

per year. In 2015 the facility has been renewed for about 4 million euros. The service centre, 
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as DHL calls their sorting-centres, contains 3000m2 of warehouse and office space. With a 

vehicle park of around 50 vans, they provide express shipping to east-and mid-Brabant and 

north Limburg.  

 

1.2 Problem statement 

Of the 3400 shipments per day, about 136 are not delivered for some reason. These are called 

delivery exceptions. Some example causes are; the customer refuses to accept the shipment, 

the courier does not have enough time to finish his run, or the shipment is missorted at the 

facility and ends up in the wrong van. However, there are two exceptions that are the most 

common: Not Home (NH), the shipment cannot be delivered because there is no one home to 

receive the shipment; and Closed on Arrival (CA), the shipment cannot be delivered because 

the receiving company is closed. NH only relates to B2C shipments and CA only to B2B 

shipments. Currently, DHL Express counts a NH or CA as 6.70 euros.  

This research focuses solely on the so called ‘last-mile’. According to Cathy Macharis, Sandra 

Melo (2011), the last-mile can be defined as: “the final leg in a business-to-consumer delivery 

service whereby the consignment is delivered to the recipient, either at the recipient’s home or 

at a collection point.” (p.57) In this research, business-to-business is also included in the 

definition.  

From January 2016 to June 2018 the average percentage of delivery exceptions was 4.0%. The 

average percentage of CA and NH over the same period was 3.0%. This means that CA and 

NH combined take up 75% of all delivery exceptions. 
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 Figure 2 %Delivery Exceptions per year 

 

In Figure 2, a more detailed overview is provided of the delivery exceptions. The months July 

up to and including December 2018 were unavailable or incomplete at the time this project 

started. They were therefore excluded from the analysis and do not show in Figure 2. As can 

be seen in the chart, the average percentage of delivery exceptions has declined each year. The 

difference between 2016 and 2017 can be explained by the introduction of On Demand 

Delivery (ODD). This service provided customers the option to set a delivery date themselves 

and monitor when the shipment will likely arrive. According to employees, the difference 

between 2017 and 2018 can be explained by an increase of focus on neighbour deliveries.  

 

Another noteworthy aspect when looking at Figure 2 is that the variability per month seems 

quite high. One month might score quite low while the next can be on the high end. Of course 

some variability is to be expected, however, with 71,400 shipments each month one could 

expect these numbers to smooth out more. These high variabilities only become more prevalent 

when looking at data from week to week or day to day. The variabilities at the lowest level are 

at least partly due to pseudo-random events, for example someone is visiting friends at the time 

the shipment would be delivered. However, DHL Eindhoven suspects there is more to it. They 

believe that at least some of the variability can be explained by predictable events, and thus 

possibly preventable. These assumptions are based on intuition and experience mostly, and 

have never been quantified.  
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This leads to my involvement. I will be conducting a data analysis on the CA and NH delivery 

exceptions at the DHL Express facility in Eindhoven. In this analysis I am searching for 

correlations to a number of variables, based on historical delivery data as well as demographic 

data, of these two delivery exceptions. This will offer DHL Express Eindhoven insight into 

what causes certain spikes in delivery exceptions. Based on these results they might be able to 

take preventative measures, reducing the percentage of CA and NH. My research question is 

as follows: 

Can delivery exceptions in the last-mile be predicted using historical and demographic data? 
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1.3 Current understanding 

As mentioned before, supervisors at DHL Express Eindhoven do have some ideas regarding 

peaks in delivery exceptions. To find out what exactly is the current picture of causes for a high 

delivery exception percentage I have asked the support officer dispatch what he thinks are 

major causes for peaks in NH’s and CA’s. An important task of the support officer dispatch is 

managing the delivery fleet real-time by reallocating shipments and pickups. This gives him a 

lot of insight into when a high number of delivery exceptions can be expected.  In Table 1, the 

results are displayed.  

Moments of high delivery exceptions 

Monday morning a lot 

Tuesday by a lesser extent 

Friday afternoon 

2-4 January 

The week of Carnaval 

Ascension day 

Good Friday 

Pentecost 

5 December (Sinterklaas) and in lesser extent the following 2 days 

24 December 

27-28 December 

31 December  

Table 1 Expected moments of increased delivery exceptions 

On top of these assumptions, a couple more are formulated based on personal insight. These 

include: 

- Average people per household will have a negative correlation with NH% 

- Low income neighbourhoods will have lower NH% 

- Population density will have a negative correlation with NH% 

The reasons behind these assumptions are that the more people live in a house, the higher the 

chances of at least one of them being at home, low income neighbourhoods have higher 

unemployment rates and therefore there are relatively a lot of people home, and lastly, a densely 
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populated area will make it easier for the courier to attempt a neighbour delivery, therefore 

increasing the successful delivery rate.  

Additionally, time-windows, weekdays and months, in general, are also analysed. For each 

variable it is checked whether or not the observed value in terms of NH% and CA% is any 

different from the mean. Furthermore it is investigated if any patterns exist regarding these 

variables.  
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Figure 3 FLow of shipments Leipzig-Eindhoven 

1.4 Process description 

DHL Express makes use of a hub-and-spoke system. On a worldwide level, DHL has three 

hubs, which are located in Leipzig (Germany), Cincinnati (USA) and Hong Kong (China). 

Appendix B provides additional information about these hubs. All shipments will be processed 

by at least one of these hubs. From Leipzig, shipments that are destined to the Eindhoven 

facility will be sent by plane to the hub in Brussels. In case the plane to Brussels is full, 

shipments will be sent to Amsterdam instead. From Brussels shipments will be send by truck 

to Eindhoven, Shipments that were sent to Amsterdam are delivered to Eindhoven by truck as 

well. In Figure 3, a visual representation is given. 
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Before the first truck arrives from Brussels hub, the flexing process starts. This process makes 

use of a tool called the Flextool, which is an Excel macro. The Flextool loads all planned 

shipments for the day and assigns them automatically to a certain route. A route consists of an 

area and a time window, it does not contain information about the order the shipments should 

be delivered in. An employee can adjust the grouping according to his own knowledge, 

experience and insight. It is usually preferred to balance the load for couriers as fair as possible, 

by transferring shipments from high volume routes to low volume routes.  

Routes are divided into 5 different time cycles:  

- A-cycle is just the morning (start: 09:30) 

- B-cycle is just the afternoon (start: 13:30)  

- C-cycle is the morning and afternoon (start: 09:30) 

- D-cycle is the afternoon and evening (start: 13:30) 

- E-cycle is just the evening (start: 17:30) 

Routes are also divided into different sub-regions, all with a corresponding two-digit number.  
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Figure 4 shows the map for C routes specifically. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 C routes 

Once every shipment has been assigned to a route, they are loaded into a database of RoutiGo. 

This company provides an app that couriers have installed on their Personal Digital Assistant 

(PDA) smartphone. This app provides a certain ‘optimal’ order to deliver the shipments, taking 

time-windows into account. Although this route would be the most efficient concerning time, 

couriers often choose to diverge from the order given by RoutiGo. There can be multiple 

reasons for this: experienced couriers often know things about a certain company that is not 

available to the RoutiGo app, for example regular lunchbreaks. Another reason would be that 

couriers know of a certain delay during their route, which causes them to miss the given time 

window on a certain shipment, should they choose to comply with the given delivery order. 

These factors make it extremely complicated to make a statement whether or not compliance 

of the courier to keep to a given order of delivery has any effect on the performance of the 

courier. To verify any assumptions about this problem, a dedicated study should be performed.  

At 08.15 the first trucks arrive. After the containers have been unloaded, the sorting process 

starts. The process time depends largely on the volume. At around 9.30 the first vehicles drive 

away, starting the delivery process. After an attempted delivery, couriers will mark a shipment 

according to whether or not it is delivered and why it is not delivered.  

This whole process is repeated for the midday truck arrival, which takes place at around 12.00. 
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1.5 Competition 

When looking at performance figures it could be useful to keep an eye on the performance of 

competitors. This will allow the performance to be placed in perspective. Unfortunately it is 

close to impossible to compare DHL Express directly to competitors like PostNL and DPD due 

to a number of reasons; first of all, it is unclear how competitors exactly measure their 

performance and what kind of delivery exceptions they take into account considering their 

overall performance figures. Secondly, the type of shipments and how common they are, might 

also have an influence on the performance. An important difference would be the share of 

shipments that fit through a mailbox. The higher this share is, the easier it is to make a 

successful delivery when no one is home. This does not apply to DHL Express shipments, as 

they all require a signature.  

However, a comparison that can be made is the difference between Express service centre 

Eindhoven and other Express service centres in the Netherlands. Figure 5 depicts the delivery 

exceptions percentages between different facilities over the span of three years. The downward 

trend discussed earlier, appears to be a general trend among all DHL Express facilities. 

Furthermore, the Eindhoven facility performs pretty average, neither being on the very high 

nor very low spectrum.  

 

Figure 5 Delivery exceptions per DHL Express facility 
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2 Methods 

2.1 Data collection 

All historical data about shipments is extracted from the Operational Performance Management 

System (OPMS). This is an internal database from DHL that contains information about all 

shipments that get registered in the system. I will be performing the analysis on the data from 

January 2016 to September 2018. Datasets can be downloaded in Symbolic Link (SYLK) 

format with a maximum period of one month. The file contains information of all shipped 

pieces in the specified period.  

I will also be using publically available datasets that contain demographic data. These datasets 

are taken from the StatLine database, owned by Centraal Bureau voor de Statestiek (CBS). The 

specific datasets that I use are: “Bruto inkomen van huishoudens naar PC4-gebied, 2015”, 

“Bevolking per viercijferige postcode op 1 januari 2016”, “Regionale kerncijfers Nederland”.  

 

2.2 Data cleaning 

Before the data is ready to be analysed it first needs to be cleaned. The following list consists 

of all operations made to the raw data to get useful datasets.   

 Converted the SYLK format to Comma Separated Values (CSV) format. 

 With a Python script: 

o Requested additional data (i) using an Application Programming Interface 

(API)(ii) from BrainCreators, a partner of DHL.  

o Separated B2B, B2C, and errors(iii) 

o Accumulated all months 

 Added columns in excel(iv): 

o Date 

o Year 

o Month 

o Weekday 

o Time 

o Time-windows 

o Route 

o Cycle 
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o PC4 

(i): The additional data consists of the building purpose, full zip code + street number (PC8), 

city, and B2B or B2C shipments.  

(ii): an API is piece of software that allows communication between a server and a client via 

a script. In this case a Python 3.0 script is used to communicate with the server from 

BrainCreators.  

(iii): In certain cases the request resulted in an error for unknown reasons. 

(iv): The files already contained most of these columns although they were split for delivery 

exceptions and OK deliveries, and thus not suited to use in a pivot table.  

 

 

This leaves 2 datasets that are split on B2B and B2C. The data is accumulated over the period 

January 2016 to June 2018. All shipments that resulted in an error from the API are filtered 

out. About 4% resulted in an error. These errors are expected to be unrelated to the parameters 

analysed in this research since they show the same ratio of CA NH and OK. It is therefore 

assumed these errors do not have a significant impact on the final results of the analysis.  

The script was made with the help of Peter Eijk from BrainCreators. In short this is what the 

script does: The script loads a CSV file and converts it to a data frame more suitable for Python. 

It then creates a loop where for every row in the data frame, it sends the raw information of 

address, zip-code, and city to the API address along with a username and password. From the 

returning package, the building function and full zip-code plus house number are stored in lists. 

Every 500 rows, a temporary backup of these lists is saved. When the loop is finished the lists 

are added to the original data frame and are saved as a CSV file. CSV files were divided per 

month and up to eight instances could be run at a time to speed up the process.  
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2.3 Analysis 

For the analysis Microsoft Excel 2013 is used along with the Analysis ToolPak add-in. The 

assumptions dictated in table 1 are tested, along with some other parameters that might have 

an effect on the amount of CA’s and NH’s. All correlations are tested on statistical significance. 

To find out if a certain subset of shipments shows any significance difference from the average, 

in terms of CA and NH percentage, a statistical analysis is performed. In the analysis the entire 

population is divided into two separate groups. The first group consists of the variable of 

interest, the one that is to be tested. The other group consists of the rest of the population. It is 

assumed both groups are independent from each other.   

According to the central limit theorem, a large dataset of randomly distributed variables can be 

approximated by a normal distribution (Montgomery & Runger). This means that it is safe to 

assume the binominal of both groups, can be approximated by a normal distribution. A 

hypothesis can now be conducted where the null-hypothesis assumes both groups to be 

identically distributed.  

H0: p1 = p2   

H1: p1 ≠ p2.  

H0, or the null hypothesis assumes the average of a certain subset from the population is not 

significantly different from the average of the rest of the population. H1 is the alternative 

hypothesis, which states both groups are not identically distributed. This will be the case when 

H0 will be rejected. By using the following formula a z-score is calculated: 

𝑍0 =
𝑃1 −  𝑃2

√𝑝(1 − 𝑝) (
1

𝑛1
+

1
𝑛2

)

 

Where: 

 Z0 is the z-score 

 P1 is the value to be tested 

 P2 is the average value of all variables except the one to be tested 

 n1 is the number of data points of the value to be tested 

 n2 is the number of data points of all values except the one to be tested 
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In case the z-score falls in between the critical regions determined by a rejection criterion 

(Alpha α), H0 holds. If the z-score falls either in the lower critical region or the higher critical 

region, H0 is rejected. When the z-score falls in the lower critical region, x or the average of the 

subset is concluded to be significantly lower than the average of the population. Likewise, if 

the z-score falls in the upper critical region, x is concluded to be significantly higher than the 

average of the population. The lower and upper rejection criteria are denoted by -Zα and Zα 

respectively. 

In short: 

- p1 ≠ p2   if  Z0 > Zα/2 or Z0 < Zα/2 

- p1 > p2  if  Z0 > Zα 

- p1 < p2  if  Z0 < Zα 

Figure 6 shows the standard normal probability density function with the blue coloured left 

side the lower critical region and the red coloured right side the upper critical region. The 

rejection criterion is chosen arbitrarily in this case. 

 

 

Figure 6 Standard normal probability density function 

 

To determine an Alpha (α) or cut off value, the total number of observations must be taken into 

account. According to (Clive W.J. Granger) regular p-values become irrelevant when 

determining significance of extremely large datasets. This is because the p-value is dependent 
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on the amount of observations. With n  ∞: p-value  0. This means that with a regular Alpha 

of 0.05 or even 0.01 almost every deviation from the mean would be considered significant. A 

better way, in this case, would be to make the Alpha dependent on the amount of observations. 

Therefore in this research an Alpha of 
1

𝑛
 is used, where n is the total number of observations. 

However, even with this relatively low Alpha, results still prove to be almost always significant 

in cases of low cluster counts, like weekdays. Because of this, it is extremely important to make 

the distinction between significance and relevance. A difference of 0.01% to the mean might 

be considered significant according to the used method, but is probably not very relevant to the 

stakeholders. Therefore it is important to keep an eye on the relevance of the results.  

In some cases it is preferred to calculate a correlation of two variables instead of instead of 

calculating if a variable is significantly different from the mean. In this case, the Pearson 

product-moment correlation coefficient is used. The coefficient is a measure of the linear 

correlation between two variables. The value of the coefficient lies always between -1 and 1. 

With -1 being the total negative correlation, 0 being no correlation at all, and 1 being the total 

positive correlation. The correlation is calculated using the following formula: 

𝜌 =  
𝑐𝑜𝑣(𝑋, 𝑌)

𝜎𝑥 ∗ 𝜎𝑦
 

Where: 

 ρ is the correlation coefficient 

 cov(X,Y) is the covariance of the two variables 

 σx and σy is the standard deviation of variable x and variable y respectively 

To simplify this process, the analysis ToolPak Excel add-in is used. A regression analysis is 

applied and the output generates the Pearson correlation coefficient along with the significance 

level, or p-value.  

The following variables are analysed for both B2B and B2C: 

- Time-windows 

- Weekdays 

- Months 

- Routes 

- Cycles 
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- Specific dates 

Specific for B2B: 

- Volume per company 

- PC8 

Specific for B2C: 

- Average people per household 

- % of low-income households 

- Population density of a certain area 

- 4-digit zip code area 
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3 Results 
In this chapter the results are given, along with a brief discussion. All results are always 

separated into B2B shipments and B2C shipments.  

3.1 B2B 

3.1.1 Weekdays and time-windows 

In Figure 7 the CA% is plotted against the days of the week. All values are significantly 

different from the mean, with Monday and Friday higher than average and Tuesday, 

Wednesday and Thursday below average. As expected Monday shows an above average CA%. 

Tuesday is already a lot lower than Monday yet still somewhat higher than Wednesday and 

Thursday. What might come more as a surprise is the CA% on Friday, even higher than 

Monday and over twice the height of Thursday. This might be explained by small businesses 

closing early on Friday.  

 

Figure 7 B2B Days of the week 

 

In Figure 8 CA% and total volume are both plotted against 1-hour time-windows on the same 

graph. As can be expected, the CA% increases as the time of day progresses. The earlier a 

delivery is attempted the better the chances of a successful delivery. Most couriers already 

know this from experience, hence the peak of total volume in the morning.  
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Figure 8 CA% - Volume 

 

In Table 2 the exact numbers are given. The time given in the table is the start time of the 

time window, the windows are all one hour long The largest relative difference can be seen 

in between the time-windows 16:00-17:00 and 17:00-18:00. The 17:00-18:00 time window 

is about 5.4 times as larger compared to the 16:00-17:00 time-window in terms of CA%. 

This leads also to this time-window having the largest absolute number of CA’s. With over 

a 1000 more CA’s than the second largest time window. This means that the time window 

of 17:00-18:00 is where there is most to be gained. One could expect this to be most 

applicable on Fridays, since the assumption is that on Friday afternoon a lot of businesses 

close early and therefore the CA% is higher. To verify this one could look at the time of day, 

split over the days of the week, and see if there is any significant difference, in the specified 

time window, between Friday and the other days of the week.  
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Time CA OK Grand Total CA% 

09:00 92 22657 22749 0.40 

10:00 918 179709 180627 0.50 

11:00 1547 339819 341366 0.45 

12:00 1397 202150 203547 0.68 

13:00 1075 136231 137306 0.78 

14:00 1209 130569 131778 0.91 

15:00 1058 85487 86545 1.22 

16:00 1562 39901 41463 3.76 

17:00 2555 10025 12580 20.31 

18:00 1200 1470 2670 44.94 

19:00 650 549 1199 54.21 

20:00 419 536 955 43.87 

21:00 102 41 143 71.32 

Table 2 B2B Time of day 

 

In Figure 9 a visual representation to the comparison is given. What strikes is that on first 

glance there does not seem to be any difference between the days of the week. The Friday does 

not seem to be any different than other days of the week. 

 

Figure 9 B2B Weekdays – Time-windows 

 

However, when we zoom in on the time-windows 08:00 through 16:00, the differences between 

the week days appear. In Figure 10 it is clearly visible that the Monday and Friday stick out in 

the majority of time-windows. These differences might seem small, but due to the large volume 

within these time-windows, they still contribute to a significant difference overall.  
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Figure 10 Days of week - Times of day - zoomed in 

 

The comparison also shows that the assumptions about Monday mornings and Friday 

afternoons are partly correct. These time-windows do indeed show a higher CA%, however, 

for Mondays the time window for higher CA% extends to 15:00, whereas for Fridays a 

difference is observable from 10:00 already, up to around 17:00.   

The most important thing we can learn from this comparison is that from around 17:00 the 

differences between the weekdays seem to disappear. As earlier discussed the time window of 

17:00-18:00 is where most improvement can be made. From Figure 9 we learn that this applies 

to all weekdays and not mostly Fridays. Table 3 shows whether a certain time-window on a 

specific weekday is below or above average. As can be seen from around 17:00 all days 

perform equally, with an exception for the time window 20:00-21:00. It is unclear why in this 

time-window, the Monday shows a significant drop in CA%.  
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Time-windows Monday Tuesday Wednesday Thursday Friday 

08:00      
09:00      
10:00 High  Low Low High 

11:00 High Low Low Low High 

12:00 High  Low Low High 

13:00 High Low Low Low High 

14:00 High Low Low Low High 

15:00 High Low Low Low High 

16:00 Low  Low  High 

17:00      
18:00      
19:00      
20:00 Low   High High 

21:00      

Table 3 Significantly high or low time-windows 

 

3.1.2 .Dates 

A number of assumptions were made about certain dates or period of multiple dates causing a 

significant increase in CA%. These specific dates can be found in Table 1. 

To check whether or not these dates or any other dates show a significant increase in CA%, all 

dates have been tested. In Table 4 the significant dates are presented with an explanation of 

why this specific date could be abnormally high. All entries have a p-value of  
1

𝑛
= 8.6 ∗ 10−7 

or lower.  

 date CA% Event 

8-2-2016 8.10 Carnaval Monday 

9-2-2016 5.49 Carnaval Tuesday 

8-3-2016 2.95 No apparent explanation 

25-3-2016 6.33 Good Friday 

31-3-2016 4.57 No apparent explanation 

1-4-2016 3.35 Friday 

4-4-2016 2.38 Monday 

6-5-2016 20.10 Day after ascension day  

9-5-2016 2.38 Monday (day after mother’s day) 

26-5-2016 2.47 No apparent explanation 

3-6-2016 2.59 Friday 

10-6-2016 3.40 Friday 

17-6-2016 2.64 Friday 

27-6-2016 2.91 Monday 

4-7-2016 3.33 Monday 

19-8-2016 3.19 Friday 
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24-8-2016 2.65 No apparent explanation 

28-11-2016 2.79 Monday 

23-12-2016 2.80 Christmas days 

27-12-2016 6.50 Christmas days 

28-12-2016 2.85 Christmas days 

29-12-2016 4.80 Christmas days 

30-12-2016 4.91 Christmas days 

2-1-2017 4.02 New year 

27-2-2017 6.57 Carnaval Monday 

28-2-2017 4.55 Carnaval Tuesday 

14-4-2017 3.05 Good Friday 

28-4-2017 10.21 Day after king’s day 

5-5-2017 3.40 Liberation day 

26-5-2017 9.74 Day after ascension day  

31-7-2017 2.73 Monday 

7-8-2017 2.71 Monday 

11-9-2017 4.56 Monday 

15-9-2017 2.85 Friday 

18-9-2017 2.09 Monday 

25-9-2017 2.42 Monday 

27-12-2017 4.68 Christmas days 

29-12-2017 2.75 Christmas days 

2-1-2018 2.69 New year 

12-2-2018 3.99 Carnaval Monday 

20-4-2018 10.67 Friday 

11-5-2018 10.48 Day after ascension day  

Table 4 Dates 

 

From the list of assumed higher CA% dates only Pentecost and 5 December do not seem to 

have any significant impact. Sometimes dates show only a significant increase in one or two 

specific years, instead of all three. This could be because that specific date falls on a Saturday 

or Sunday in the concerned year. Some dates show a high NH% even though there does not 

seem to be any special event taking place on that day. These type of dates occur primarily in 

the summer months. Therefore they are probably caused by an increased chance of a CA 

because of the summer vacation and construction vacation, on top of a random outlier. They 

are therefore unpredictable.  

Filtering out any unpredictable events leaves a list of seasonal events which show a significant 

increase in CA%. These events are presented in Table 5. Christmas days include all dates from 

23 December to 31 December, excluding days where DHL Express is closed.  
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Event 

Carnaval Monday 

Carnaval Tuesday 

Good Friday 

Day after king’s day 

Liberation day 

Day after ascension day  

Christmas days 

2 January 

Table 5 Seasonal events 

  

For all these events, a list of companies, characterized by their full zip code + street number 

(PC8), is made. The list contains all companies that have had a CA on the relevant date of the 

event. For these companies, DHL can check in advance if they will be closed by contacting the 

company in questions.   
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3.1.3 Months 

Here we look at the differences between months and if these differences can be explained. In 

Figure 11 CA% per year is plotted against all months. Table 6 shows if months are significantly 

higher or lower than the average of their respective year. The variability from month to month 

seems quite high. One explanation for this is that it could be due to the specific dates, discussed 

earlier, that cause the average of the corresponding month to peak.  

 

Figure 11 B2B Months  

Year/Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2016  High   High   High  Low Low  

2017 Low  Low High     High Low Low  

2018 Low  Low High High Low NA NA NA NA NA NA 

Table 6 B2B Significantly higher or lower than average 

 

When comparing the months corresponding to these dates, a correlation is visible. The peaks 

seen in Figure 11 correspond to the events found in Table 5. This means the month averages 

are mostly caused by a single event happening in that specific month.  

  

0

0.5

1

1.5

2

2.5

C
A

%

Months

2016

2017

2018



 

DHL Express Eindhoven – Bachelor Thesis – Jelmer Vos 29 | P a g e  

3.2 B2C 

3.2.1 Weekdays and time-windows 

In Figure 12 NH% is plotted against the different days of the week. In contrast to the CA% 

there does not seem to be much difference between the different days. Evidently, the statistical 

analysis shows no significant difference to the mean for any day.  

 

 

Figure 12 B2C Weekdays 

 

Although no difference is visible on first sight, there could still be averaged out differences 

between the days on different time-windows. As seen in Figure 13 this does not appear to be 
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Figure 13 B2C Weekdays - Time-windows 

  

In Figure 14 the NH% is plotted on the same chart as the total volume of B2C shipments. 

Ideally, the largest volume will be delivered during the lowest NH% time-windows, to 

minimize the total number of NH’s. As can be seen in Figure 14 this does not happen in 

practice, at least not until around 16:00. From this point on the volume peaks while the NH% 

drops. From 18:00 to 19:00 the best ratio is achieved where the total volume has the highest 

peak and the NH% the lowest drop. Another good time window would be from 09:00 to 10:00, 

as this window also shows a low NH%. However, to deliver great volumes within these time-

windows would be impossible. The morning routes only start at 09:30, this time is also 

dependent on the trucks coming from Brussels. To expedite these times would therefore be 

impractical. Another way to improve would be to shift the high volume between 10:00 and 

15:00, to after 16:00. This would put more stress on the evening routes, however if combined 

with the B2B shipments shifting to earlier on the day, those stresses cancel each other out. By 

doing this a lot can be gained but it is important to not exaggerate the shift as later on the 
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evening, from around 21:00, a steep rise in NH% is visible. Therefore the ideal time window 

would be between 16:00 and 21:00. 

 

Figure 14 B2C Time-windows - Volume 

It makes sense that the NH% drops in the afternoon because people are coming home from 

work. However, it seems odd that the NH% rises from around 19.00. One theory to explain this 

is that people are less willing to answer their door after dark. To test if this theory holds any 

truth to it, a comparison is made between the summer-and-winter times.  

 

Figure 15 Summer-Winter time-windows 
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As can be seen in Figure 15 there does not appear to be any difference between the summer 

and winter in the evening. However, the theory cannot be rejected for sure, since there are other 

variables at play that differentiate the summer versus winter characteristics. For example time 

spent at home. A study published in 2014 (Matz, C. J. et al, 2014), performed a study on the 

time spent at home by Canadians. They found that in the summer 67.5% of the day is spent 

indoors at home while during winter 72.4% of the day is spent indoors at home. This would 

also explain why the NH% during winter is slightly lower compared to the summer. 

These variables might counter the effect of the proposed theory. To disclose the true reason 

why NH% rises in the evening a dedicated study should be performed.  
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3.2.2 Dates 

Although no assumptions were made in advance concerning specific dates that impact NH%, 

the same analysis is done as with the B2B part.  

 

Date NH% Event 

4-1-2016 13.17 No apparent explanation 

23-3-2016 41.10 No apparent explanation 

31-3-2016 40.82 No apparent explanation 

Table 7 B2C Dates 

Oddly enough there are only three dates that have a NH% significantly higher than average. 

None of these dates could be linked to any event. They appear to be just random outliers.  

 

3.2.3 Months 

From the B2B analysis we learned that a single date could have a significant impact on the 

corresponding month. Since there are so little dates that show significant difference to the 

mean, one could expect there to be not much difference between months for B2C shipments.  

 

Figure 16 B2C Months 
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Figure 16 shows indeed that variability on a month to month basis is a lot lower compared to 

B2B shipments. Table 8 shows the months that are significantly higher or lower than average.  

Table 8 B2C Significantly higher or lower than average 

  

Year/Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2016           Low Low 

2017             

2018   High   Low - - - - - - 
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3.2.4 People per household 

Hypothesis: Areas with a lot of people per household will have lower NH% because on average 

more people are home. 

To test whether or not the average people per household do in fact have an impact on the NH%, 

all the data is summarized by 4-digit zip-code (PC4). The data for the average people per 

household comes from CBS Statline, and is from 2016. For this analysis it is assumed the 

average people per household does not change significantly in the period January 2016 to June 

2018. The average number of people per household are clustered into groups of size 0.5. This 

creates five groups.  

 

Figure 17 Average people per household 

  

Figure 17 clearly shows a negative correlation. Therefore the assumption that the average 
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amount of correlation, the Pearson product-moment correlation coefficient is calculated using 
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number of groups drops. The number of 5 groups seems to provide a good middle way solution 

and is therefore adopted for the coming cluster analyses.  
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3.2.5 Low income households 

Hypothesis: Areas of low income households will have lower NH% due to more people being 

unemployed, thus they are more often at home. 

Here the same analysis is performed as in the chapter 3.2.4 People per household. The 

percentage of low income households in a PC4 area are clustered into groups of 10% each, 

again, to create five groups in total. In Figure 18 NH% is plotted against these groups of low 

income households. A low income household is defined as a household with a total income of 

24,650 euros or less.  

 

Figure 18 percentage low income 

 

In contrast to the assumption that these two variables are negatively correlated, they actually 

are positively correlated. In this case the Pearson product-moment correlation coefficient is 

0.95. The p-value is 0.01, making it a significant correlation. One possible explanation for this 

trend could be that low income households need both occupants to have a fulltime job in order 

to generate sufficient income. High income households could have one person working a 

fulltime job while his or her partner does not work or only part-time. Another explanation could 

be that low income jobs do not offer the same level of flexibility compared to high income 

jobs. Working at home is often not possible.  
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3.2.6 Population density 

Hypothesis: Areas of large density will have lower NH% because a lot more neighbours are 

available, thus making a successful neighbour delivery more likely. 

Due to the unavailability of data concerning population density per PC4, the data in this chapter 

is averaged according to municipality. The population density is in number of people per square 

kilometre. The densities are clustered into groups of 500, creating again 5 different groups.  

 

Figure 19 Population density 

  

Once again, in contrast to the assumption that NH% is negatively correlated with population 

density, there appears to be a slight positive correlation. The Pearson product-moment 

correlation coefficient confirms this, the correlation is 0.52. However, this correlation only has 

a p-value of 0.36, making it not significant at all. Without any specific research on this subject, 

the reason for this non-existent correlation can only be guessed at. One possible explanation 

that came up while discussing this subject with DHL employees, is that people in high density 

areas are less likely to accept neighbour deliveries. Another explanation could be that courier’s 

do not spent a fixed amount of time attempting a neighbour delivery, but rather try a fixed 

number of times before they move on to the next stop.  
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3.2.7 Zip code 

To see if there are specific areas where NH% might be unusually low, a comparison is made. 

Areas are clustered according to their 4 digit zip code (PC4). The same statistical analysis is 

performed with Alpha = 
1

𝑛
. This provides a list of PC4 areas that are either significantly above 

or below average, or not significant. In Figure 20 all above average PC4’s are plotted on a map 

as red markers. The below average PC4’s are plotted as green markers.  

 

 

Figure 20 PC4 plotted 

  

The most striking pattern is that all big city centres are dominated by red markers. At first, it 

might seem that Eindhoven is populated by both red and green markers. However, when taking 

a closer look, it turns out that these green markers are all in Veldhoven whereas the city centre 

of Eindhoven is only occupied by red markers. One explanation for this could be that city 

centres usually consist of smaller average households. Many residences in the city are small 

one or two bedrooms apartments in flats, not suitable for larger families. As proven earlier, a 

negative correlation exists between the average people per household and NH%. Therefore it 

makes sense that city centres show predominantly a higher average NH%. 
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3.3 Practical results 

Because I was able to finish the list of companies that scored a CA in the last two years during 

the Christmas days, DHL Express Eindhoven was able to put the list into practice. Together 

with some companies that were already expected to be closed during the Christmas days, they 

phoned all of the companies on the list. Some companies did not answer. The final list of 

companies that did answer consists of 1570 companies. This list was implemented in the 

Flextool and matching shipments that would be closed were put on hold. This resulted in the 

following findings. The results correspond to 24, 27, and 28 December.  

- 76 shipments were put on hold because the receiving company indicated they would 

be closed.  

- 33 shipments scored a CA even though they were on the list and indicated as closed.  

- 4 shipments scored a CA while they were supposed to be open.  

- 4 shipments scored an OK while they were supposed to be closed.  

- 220 shipments scored an OK while they were supposed to be open.1 

First of all, around 76 CA’s have been prevented because of the list. With the earlier discussed 

cost of around 6.70 euros per CA, this results in a cost saving of about 509.20 euros. Secondly, 

33 shipments should have been put on hold but they were not. Consequently, they must have 

been incorrectly sorted. Should these shipments have been sorted correctly, the cost savings 

could increase by almost 50%. Therefore it is most important for DHL Express Eindhoven to 

figure out why these shipments were sorted incorrectly. Finally, more or less 220 shipments 

were successfully delivered while being on the list. This means it is important to make sure 

whether companies are actually closed or not when they are on the list. In case every company 

on the list is in first instance assumed to be closed without making sure, about 220 shipments 

would have been unjustly put on hold.  

Considering that 76 CA’s have been prevented because of the list, one could expect the CA% 

to be a lot lower compared to the previous two years. However, this is not the case. In fact, on 

first glance looking at Figure 21, the performance appears to be lower compared to last two 

years.  

                                                 
1 These numbers could be a little off since there were some errors again retrieving the full zip code and street 

number. 
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Figure 21 B2B Months including Dec 2018 

 

To explain this phenomenon a closer look must be taken. When looking only at the Christmas 

days seen in Table 9 it all seems to fall in place. In 2018 the two worst days were 24 and 31 

December. Both these days fell on a Monday in 2018 and on a Sunday and Saturday in 2017 

and 2016 respectively. This means that is does not make much sense to compare December 

2018 as a whole to December 2017 and 2016. Two days that can be compared are 27 and 28 

December. These dates fall on weekdays in all three years. On both these dates, 2018 scored a 

lot better than 2017 and 2016. They scored so much better in fact that overall the Christmas 

days in 2018 scored a lower CA% compared to 2017 and 2016.  

To calculate how much the list contributed to this improvement, the prevented CA’s can be 

added to the actual CA count. The CA% would in that case be 
320+76

4002+76
= 9.71%. The 

performance increase is therefore 1 −
8.00

9.86
= 17.66%.  
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2016 CA OK TOT CA% Weekday 2017 CA OK TOT CA% Weekday  2018 CA OK TOT CA% Weekday

23-12-2016 50 736 786 6.36 Fri 23-12-2017 7 13 20 35.00 Sat 23-12-2017 Sun

24-12-2016 Sat 24-12-2017 Sun 24-12-2018 238 1675 1913 12.44 Mon

25-12-2016 Sun 25-12-2017 Mon 25-12-2018 Tues

26-12-2016 Mon 26-12-2017 Tue 26-12-2018 Wed

27-12-2016 131 724 855 15.32 Tue 27-12-2017 150 677 827 18.14 Wed 27-12-2018 51 1346 1397 3.65 Thurs

28-12-2016 30 365 395 7.59 Wed 28-12-2017 32 389 421 7.60 Thurs 28-12-2018 31 661 692 4.48 Fri

29-12-2016 48 360 408 11.76 Thurs 29-12-2017 51 388 439 11.62 Fri 29-12-2018 4 4 0 Sat

30-12-2016 67 394 461 14.53 Fri 30-12-2017 6 6 0.00 Sat 30-12-2018 Sun

31-12-2016 Sat 31-12-2017 Sun 31-12-2018 151 1312 1463 10.32 Mon

Grand Total 326 2579 2905 11.22 Grand Total 240 1473 1713 14.01 Grand Total 471 4998 5469 8.61

Table 9 Christmas days 
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4 Limitations 
As with most research, a couple of limitations must be taken into account. First of all, the data 

used covers only a period of two and half years. This means that for annual patterns, only 2 or 

3 data points are available. On top of that, if one or more of these data points fall in weekends, 

even less data is available.  

Another limitation can be found in the script that calls the data cleaning API. In some cases an 

error is generated due to a couple of reasons. One of these reasons could be that the address is 

invalid. Another reason could be the zip-code not matching the address or city. Also some 

errors occurred due to unknown reasons. These errors are not related to any of the researched 

parameters and make up only a small percentage of the total number of data points. Therefore, 

these errors are assumed to have no impact on the results other than a minor drop in absolute 

numbers. 

Furthermore, in some cases the API will give an incorrect result regarding the B2B or B2C 

variable. This could be because the registry has not been updated yet, when an address changes 

function or it has been registered wrong in the first place. Another reason could be that a 

company is situated on the same address as a private residence. This is the case with many self-

employed entrepreneurs.  

Lastly, all statistical tests performed in this study only calculate a correlation between two or 

more variables. In case of a statistically significant correlation it may be tempting to assume 

one variable causes the other. However, this does not have to be the case. Therefore, all 

underlying reasons for a correlation given in this research are merely based on logical reasoning 

and in no way proven.  
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5 Implications 
DHL Express Eindhoven already had some general ideas of why and when certain peaks in CA 

and NH percentages were to be expected. Some of these expectations have been confirmed and 

some have proven not to be the case. On top of that some unexpected results came up. The 

results of this research have offered DHL Express Eindhoven a lot of insight into the problem 

of CA and NH.  

5.1 Time-windows 

Although it was already known B2B shipments should be delivered as early as possible, the 

findings in this study emphasize the necessity of this concept. With the peak volume of CA 

shipments taking place between 17.00 and 18.00 there is still a lot to be gained.  

5.2 Lists 

The list of companies that were expected to be closed during the Christmas days has proven to 

be effective. A performance increase of 12.68% has been measured. However, this 

performance increase has to be crossed out against the costs of contacting customers. On the 

other hand, the lists will be usable every year, given that a company does not change its opening 

days and does not move to another place, as companies are defined by their PC8 in the list. 

This means with a little bit of maintenance, lists can be used indefinitely. Once a list is made, 

it can simply be implemented into the Flextool, which is used for the sorting. 

One way of improving the feasibility of the lists, is by automating the contacting of a business. 

Phoning every business separately consumes a lot of valuable resources. By creating a general 

message in the form of an email, voice or text message, a large group of businesses can be 

reached simultaneously.  

The next step would be to completely automate the making of lists and checking the validity. 

One technique of doing this would be by means of an API that can extract opening and closing 

times. An example of this would be the Google Place Details API. By using such an API, 

information about opening and closing times of businesses can be extracted, given the 

businesses provided said information to Google. A possible disadvantage would be that only 

the first 5000 requests per month are free, after which a fee has to be paid per request. 

Additionally, implementing such an API would bring considerable start-up costs with it. These 

start-up costs could be significantly reduced by sharing it with other DHL Express facilities.  
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5.3 B2C performance 

B2C performance is relatively low compared to B2B performance. The average NH% is 7.67%, 

hence, a lot can be gained. In contrast to businesses, it is close to impossible to predict when 

an individual customer is at home and when he or she is not home. Besides, there are no specific 

dates where customers could be contacted in advance to determine whether they are home or 

not. Therefore it would be better to target specific areas where an abnormally high NH% is 

registered.  

One way of doing this is by means of centralised collection-and-delivery points (CDP). These 

centres accept all shipments for a certain neighbourhood, after which the customer receives a 

message and is able to pick up the shipment whenever he or she is capable. According to Song, 

L., Cherrett, T., McLeod, F., & Guan, W. (2009), the processing costs associated with home 

delivery failures are reduced significantly by diverting the failed shipments to CDP’s. 

However, these CDP’s must be easily accessible for customers. Weltevreden, W.J. (2008), 

claims the critical distance a CDP can be from the customer is a 5 minute drive.  
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6 Future research 
A couple of correlations or the lack thereof, found in this research cannot be easily explained 

without any dedicated research done. To disclose the reason these correlation do or do not exist, 

a future research could be performed. Potential revelations found in the proposed studies below, 

might provide valuable insight for DHL Express Eindhoven, or similar facilities. The following 

list contains all subject that could not be fully explored in this research, but might provide 

useful insights. 

- The exact reason why NH% rises in the evening.  

- Why do areas with high ratios of low income households show a higher relative 

NH%? 

- What exactly makes certain areas more susceptible to a high or low NH%? 

- Do couriers follow the given order of stops? In what way does this have influence on 

the performance of NH% and CA%? 

- Could CDP’s of any form be a viable solution for decreasing NH% in city centres? 
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7 Recommendations 
Based on the results of this research, I have formulated a couple of recommendations for DHL 

Express Eindhoven. First of all, during the Flex process, DHL Express Eindhoven should strive 

to put B2B shipments on morning routes wherever possible. On top of this, couriers should be 

instructed to deliver B2B shipments strictly before 17.00 and as early as possible, unless 

opening times of a company are known to be after 17.00. On Fridays and in a slightly lesser 

extent on Mondays, it is even more important to attempt a delivery as soon as possible. As 

these days both show a continuously higher CA% during the day, a relative performance 

increase on a Monday or Friday will result in a better absolute performance increase.  

Secondly, I would advise DHL Express Eindhoven to continue making lists of companies 

expected to be closed on a date that shows significant increase in CA%. These companies 

should always be contacted to make sure they are in fact closed on that specific date. Since it 

is a lot of work to call every company on the lists, I would recommend to automate the way of 

contacting as much as possible. One way of doing this is to formulate a generic email or voice 

message asking for the information needed. An even better way would be by using a publicly 

available API that contains opening hour’s information. By implementing this method to other 

DHL Express facilities as well, start-up costs could be significantly reduced. 

Lastly, I would recommend DHL Express Eindhoven to look into a way of improving B2C 

performance. A possible solution would be to implement centralised pick up points in problem 

areas, mostly city centres. These pick up points could be placed in existing shops, new service 

centres or at private individuals. Not only is this a way to guarantee a successful delivery, but 

the courier also has a lot less stops to make. I advise DHL Express Eindhoven to look into 

possible solutions, specifically for city centres.  
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11 Appendix 

Appendix A DHL Express key milestones 

 

Appendix B Information DHL Express global hubs 
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Appendix C Abbreviations 

Abbreviation Explanation 

NH Not Home 

CA Closed on Arrival 

B2B Business to Business 

B2C Business to Consumer 

ODD On Demand Delivery 

PDA Personal Digital Assistant 

PC8 6 digit zip-code + house number 

API Application Programming Interface 

CDP Collection-and-delivery point 

 

 


