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Management Summary

New intel to support supply chain decisions is discovered by introducing a data-driven decision-
making tool in the form of two interactive draft dashboards with KPIs.

Company X makes many intuition-based decisions in the supply chain that leave them uncertainif a
decision was the right choice. Therefore, the Supply Chain Manager struggles with making decisions.
The Supply Chain Manager has to make decisions without information and cannot see the direct
consequences of the decisions. Company X has data available, however, this data is unutilized to
support decisions. To solve this problem, the research seeks to answer the following main research
question:

“How can Company X create insight into transportation and order-picking to make data-driven
decisions in the supply chain?”

Crisp-DM a methodology for data analytics is used as an approach for the research. The research
starts with a Business Understanding by conducting interviews with order-pickers and trucks to
understand the working steps and methods and creating a cost overview to clarify the financial
situation of the order-pick trucks and transport trucks. Thereafter, in the Data Understanding, the
available data set is identified. Based on this data set fleet performance related KPIs are developed,
followed by a Data Preparation to fill the KPIs with data. In the Modelling phase, the KPIs are used to
make two draft dashboards, the Driver Performance Dashboard and the Fleet Performance
Dashboard. These draft dashboards give information on the performances of the truck driver, the
transport truck, the supplier and the fleet as a whole.

The draft dashboards give new intel on transportation performances in the supply chain of Company
X. This intel is a data-driven basis that can serve as a support for the Supply Chain Manager to make
decisions. Moreover, the Supply Chain Manager can see the direct consequences of the decisions
with KPIs in both dashboards. Additionally, a deployment plan is set up to serve as a guide for the
practical implementation at Company X. Finally, a list of recommendations based on the results of
the research is offered and ideas for further research to extend and improve the draft dashboards
are given.
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1. Introduction

This Chapter will give the required information to understand the problem with the necessary
background information. A problem approach will be given with a research design. To clarify the
problem, in Section 1.1 until 1.3 background information, a thorough problem statement and the
measure of the problem is given. Section 1.4 will explain the problem approach, divide the problem
into multiple research questions and clarify the research design. Finally, Section 1.5 will offer the
deliverables.

1.1. About Company X

Company X, founded over a century ago, is a wholesale company in cleaning products. Currently,
the company has one facility and an additional production facility is being built. They deliver high-
quality products for safety and hygiene at work and specialize in the sectors of Medical, Industry,
Facility and Pharmacy & Food. These products are either from A-brands or from their line of products
and the focus lies in the Netherlands. Company X has been given the predicate “Purveyor to the royal
household”, which stands for their quality, solidity and continuity.

Company X struggles to make decisions and requires data analysis to find opportunities to decrease
costs and evaluate the performance to support decisions. For this research, the process of
Company X is viewed, which goes through a couple of steps to complete the wholesale process.
Through the sales department, Company X gets an order from the customer. The customers can
decide if they want their order completely delivered or partially. If they want their order complete this
might take more time, if they want it partially they can get some articles faster. If all articles are in
stock and the shipment s set on partially or fully picked the order-pickers can start picking with their
order-pick truck see Figure 1-1. If some articles are in stock and the shipment is set on partially
picked the order pickers can start picking right away, but if the shipment is set on fully picked the
customers have to wait and the order is put on hold until all articles are in stock. If no articles are in
stock the customers have to wait and the order is put on hold until articles arrive. The orders are
either delivered on the next day, on fixed days, or the sales department can request an urgent order
for the same day. The order picker takes on one whole order and picks all the articles with his truck.
When the whole order has been collected, the order picker will indicate this through the system and
prepare the order for transportation. The truck driver has a fixed line of transportation locations and
loads the orders that are part of his line into the transportation truck. The truck driver delivers the
order to the customer and makes them sign the papers of delivery with the transportation truck see
Figure 1-2.
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Figure 1-1: Order-pick truck Figure 1-2: Transportation truck

1.2. Problem Statement

1.2.1.Problem Identification

Company X makes many decisions based on intuition in the supply chain. After making decisions
Company X has no effective way to evaluate the impact of these decisions. Therefore, decisions that
impact the costs and processes of the supply chain are difficult to make. The Supply Chain Manager
wishes to have more information to improve the quality of the decisions. Currently, there is a lack of
information to make quality decisions. Information can give insight and is the result of processing
data through various techniques [1]. There are different forms of operational data gathered by
Company X and available to Company X, however, it is unused and does not give any insight into the
supply chain.

1.2.2.Problem Cluster - Core problem

In the problem cluster, multiple problems are given. Based on the problem cluster shown in Figure
1-3, the action problem can be derived. Our action problem is, “The Supply Chain Manager struggles
at making decisions.”. Owing to the fact that the supply chain decisions are made without
information and based onintuition, and the Supply Chain Manager has no intel on the consequences
of the decisions made.
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Manager
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t }
[

Available data is not
being utilized to
support decisions

Figure 1-3: Problem cluster

Figure 1-3 shows that decisions are made without information and no intel is available on the
consequences of decisions, because the supply chain lacks the information for this. This research
only considers the order-picking and the transportation within the supply chain as the Supply Chain
Manager voiced that these sections lack the most information whilst data is available.

For the order-picking, the Supply Chain Manager voiced that the warehouse distribution had many
problems with the order-pickers. Handling this could improve the information on order-picking. This
could have been a potential core problem, but this topic is handled by another intern at Company X.
Therefore, information related to the distribution of products within the warehouse will be excluded
from the order-picking field. For transportation, a potential core problem could be a lack of transport
planning for Company X. Creating a new transport planning could offer information on the exact
routes that are driven by the truck drivers. However, the supply chain manager and the IT department
of Company X are currently working on a new transport planning system. For that reason, information
related to the routing of the transport trucks will also be excluded from the research.

Finally, in Figure 1-3, the underlying core problem for lacking information on order-picking and
transportation is:

“The available data from the order-picking and transportation is not being utilized to support
decisions.”

Since Company X has data available for both order-picking and transportation this data can help to
extract information that supports the Supply Chain Manager when making decisions or to see the
consequences of a taken decision.

3



The Supply Chain Manager voiced that the main difficulties arise in the following areas:
e Evaluating the employees, in this case, the order-pickers and the truck drivers.

Some order-pickers do more and bigger orders than others, require less time for their order or are
better at handling their order-pick truck. This is because the working methods differ. The order-
pickers can divide the weight differently, change the order of picking items or drive their order-pick
truck differently. Currently, Company X cannot say which order-pickers perform better based on
data. If they can see which order-picker performs best, the working methods of this order-picker can
be compared to the others. The same goes for the truck drivers, some truck drivers take less time for
deliveries than others, do the loading and unloading of pallets faster or have a better driving style.

e Determining how the trucks are performing individually, as a fleet and in terms of the
suppliers, in this case, the order-pick trucks and the transport trucks.

The Supply Chain Manager considers some trucks more costly in terms of maintenance and capital
costs than others. Capital costs are the initial costs Company X had to pay to buy the truck. These
costs can be found in invoices that Company X gets from their truck suppliers when repairs have
been done. However, more information is required to evaluate these costs and the differences
between the trucks. For the transport trucks, other aspects of driving, like the sustainability of a truck
and the ability to offer economical driving are also relevant when evaluating the truck's performance.
To make decisions on the trucks, knowing if the trucks are still performing well based on the available
data can support the Supply Chain Manager. Moreover, the suppliers can also be evaluated based
on these aspects of the trucks and the costs to determine if the suppliers perform well or not.

Company X voiced their opinion that the lack of data-driven evaluation of performances in the order-
picking field and transportation field, whilst data is available, is something they want to improve on.
So this underlying core problem “Available data is not being is not being utilized to support decisions”
will be the focus of this research. In the scope of this research, the order-pickers and truck drivers
are added in terms of working methods and working performance, and driving methods and driving
performance. The order-pick trucks and transport trucks are added in terms of cost performance
and driving performance and the suppliers are added in terms of cost performance and performance
differences between the trucks. Based on these aspects, the ideais to create new data-driven insight
and offer data-driven decision-making.

1.3. Measure

This Section explains the “reality”, which is the current situation that Company X resides in and the
“norm”, which is the future situation Company X wants to reach.

Reality: Company X makes many intuition-based decisions and is not data-driven. They cannot tell
which suppliers are performing better based on data. They have no information on what order-
pickers and truck drivers perform best. And they lack information on their truck's performances.
Moreover, there is no intel on the consequences of the decisions. Thus, currently, “the Supply Chain



Manager struggles at making decisions X needs” which is our action problem and “the Available data
is not being utilized to support decisions” is our core problem.

Norm: The future standard that Company X wishes for is data-driven decision-making. Through data-
driven decision-making, the Supply Chain Manager can improve his decision-making. Company X
has insightinto the performances of the suppliers, order-pickers, order-pick trucks, truck drivers and
transport trucks. Besides, the Supply Chain Manager can see the impact of the decisions within the
data and act accordingly. In relation to our action problem, this research aims to offer the Supply
Chain Manager support when making decisions through data-driven decisions and evaluations with
performance management of the order-picking and the transportation to utilize the available data
fitting to the core problem. The results are considered “good” when the solutions offer the Supply
Chain Manager intel on these aspects and they can be used for data-driven evaluations and data-
driven decisions.

1.4. Problem-Solving Approach

The following Section describes the problem-solving approach in connection with the knowledge
problems, its research questions, and the research design.

For the research design, ‘Business Intelligence’ will be used as a discipline to conduct the data
analysis. Business Intelligence combines data gathering, data storage and knowledge management
with analysis to provide input to the decision process [3]. This applies to the research. So, the
research design needs to consider how to conduct the research and what factors to take into
account. For the problem-solving approach, the Cross-Industry Standard Process for Data Mining
(Crisp-DM) is chosen, a widely recognized
structured methodology with clearly defined
phases for data mining projects [7]. Crisp-DM has
more focus on understanding the business

Business Data
Understanding Understanding
Data
Preparation
Data Modeling

context with an available data set beforehand as
part of the data analytics [9]. Comparable to this
research it is clear that the company has unused

data available, however, it requires exploration to

e/

Deployment

get a clear picture of the data and the company's

-

needs. After the available data is identified,
based on this data KPIs will be developed.
Although Crisp-DM is traditionally associated
with  data mining, its flexibility and

comprehensive approach make it highly
applicable to the development of KPIs and data
analytic, which are central to this research.

Figure 1-4: Crisp-DM Methodology [10]



1.4.1.Business Understanding

In, which are central to this research.

Figure 1-4, Crisp-DM starts with the ‘Business Understanding’ for the problem-solving approach. The
needs of the company are the main focus, the company's objectives have to be determined, the
situation has to be assessed and the goal of the data analysis has to be defined [8]. In this case,
Company X wishes to improve the decision-making with the unused data based on the core problem
“Available data is not being is not being utilized to support decisions”. The goal of the data analysis
is to offer data-driven evaluations and information to support decisions. And, to find opportunities
to improve performances and measure results. The decisions should relate to order-picking and
transportation. Thus our main research question will be:

MRQ: How can Company X create insight into transportation and order-picking to make data-
driven decisions in the supply chain?

The variables that will be included in this question are the working methods of the order-pickers and
truck drivers in terms of picking methods, transport methods and driving style and the performances
of the order-pickers and truck drivers in terms of working performance and driving performance.
Relations between working methods and working performances will be researched when working
methods differ and some employees have better working performances. Relations between driving
styles and driving performances will be researched when driving styles differ and some employees
have better driving performances. Finally, the variables suppliers performance and trucks
performance are included. Here a relation can be researched between the different suppliers and
the trucks performances in terms of costs and other aspects. To answer this question we need to
consider sub-research questions to solve other knowledge problems.

For the ‘Business Understanding’ the research starts by understanding the supply chain of
Company X. In Section 1.1 an explanation of the steps the order-pickers and truck drivers go through
is given. However, since this research considers the relations between working methods and the
performances of the employees, interviews will be conducted to get a clear picture of the different
working methods that the employees have and to gain additional details on the working steps. These
working steps and methods can be used to find causes for the different performances of the
employees. So a sub-research questionis:

o RQ1: What are the different working steps and methods of the employees?

The research strategy will be to conduct interviews on the working methods of the employees and
gain knowledge on the differences between the employees. The interviews should offer more detail
into the different steps taken by the employees in terms of picking and transportation but also in
terms of driving style and how they use their trucks. The interviews also aim to explore opinions and
reasons concerning their work and the working methods and driving styles. Finally, the interviews
should offer opinions on their trucks and the suppliers to help in evaluating truck performances and
supplier performances. Each order-picker and truck driver has their own truck that they use.
Therefore, the results and opinions gathered from the interviews can be compared to operational
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data on the employee performances, truck performances and supplier performances. Interviews
can be biased but comparing the interviews to each other and the operational data, the information
can be confirmed or denied. Moreover, a thematic analysis will be applied to the interviews as a
quantitative analysis measure to turn the interviews into less biased qualitative data.

With the action problem “The Supply Chain Manager struggles at making decisions.”, one of the most
important things is to have a clear picture of the costs. Decisions have to be made through an
evaluation of the costs and the other performances. By creating an overview of the costs of the trucks
and the suppliers, the picture becomes clearer on what information is relevant to support decisions
based on data. In the scope of this research, an overview of the trucks costs is made, including the
maintenance costs and capital costs. This concerns both order-pick trucks and transport trucks. A
limitation is made when considering the truck fleet of Company X. Company X has a total of 8 order-
pick trucks. Only 6 order-pick trucks will be considered because two trucks have been bought
recently and did not inquire any maintenance costs and there is not yet historical operational data
available for these two trucks. Moreover, reach trucks are excluded. Company X uses a reach truck
to pick products from heights that are out of reach for the order-pick trucks. Areach truckis not used
by one person only but by everyone, this makes it harder to evaluate a reach truck's performance
and there is lacking operational data available. Finally, the transport fleet consists of 4 transport
trucks and one small van. The van lacks measured data whilst driving and only delivers small
packages. Thus, the research contains 6 order-pick trucks and 4 transport trucks. So, the next sub-
research question is:

e RQ2:Whatare the total costs of trucks in the supply chain in terms of maintenance costs and
capital costs?

The research strategy will be to gather all the invoices of the different suppliers and create an
overview of all the maintenance costs and capital costs in the supply chain. For transportation,
Company X gets their Mercedes trucks from BaanTwente, their Volvo truck from Nijwa. The invoices
fortheir order-pick trucks are from JungHeinrich. The reparations are done by the dealer, the gasoline
comes from Affia and the tyres are from Profile. The method of data gathering for RQ1 will be to
transcribe the interviews, summarize the interviews and create an overview in Excel. For RQ2 the
invoices will be summarized in a table in Excel.

1.4.2.Data Understanding

The next step is ‘Data Understanding’, as said before in Section 1.2.1 Company X has a lot of data
available. Operational data is collected in their ERP software NAVision. Moreover, the suppliers offer
measured data about the trucks. Company X has data available to start data-driven decision-making,
however, for both the operational data and the measured data the exact attributes of this data and
how it can be used are unclear. For this step, we need to consider one sub-research question:

o RQ3: What data can be gathered at Company X in the supply chain considering the
performances of order-pickers, order-pick trucks, truck drivers, transport trucks and
suppliers?



The data-gathering process aims to answer RQ3 and the data related to the performances of order-
pickers, order-pick trucks, truck drivers, transport trucks and suppliers. To gather data, the suppliers
have to be contacted for the measured data and the supply chain manager has to be contacted for
the operational data from the ERP software. The result is an overview of a data set available to the
research.

1.4.3.KPIs

Step three will be an additional Chapter on developing KPIs based on the data set of the Data
Understanding Chapter. The ‘KPIs’ Chapter will be about the data analysis of different
performances of the employees, trucks and suppliers. With this step we can improve the Business
Intelligence of Company X. The data analysis as part of the Business Intelligence will be mainly
descriptive to explain the relations and the costs. In the form of key performance indicators (KPI),
we can evaluate the performances of employees, trucks and suppliers. For this, we need to
consider KPIs about driving performances, working performances, truck performances and
supplier performances. To find the right KPls we ask two sub-research questions:

e  RQ4: What frameworks can be used to develop KPIs that evaluate the supply chain within a
company?

o  RQ5: What KPIs are important in the supply chain considering the performance
management of order-pickers, order-pick trucks, truck drivers, transport trucks and
suppliers?

These two questions are important to conduct a proper data analysis and will be done through a
literature review. With RQ4 we wish to increase our knowledge on a general methodology to create
KPIs and find relations through KPIs. By researching multiple concepts about writing KPIs we can
create a framework and apply it to Company X to create high-quality KPIs. RQ5 is the second
aspect of the data analysis. We want to look into articles to find out about KPlIs that others use or
consider important. Variables that we need to consider for RQ5 are the working performance and
driving performance of order-pickers and truck drivers, the truck performance and the supplier
performance. Variables related to routing and locations will be excluded from the research when
considering the performances. Moreover, only KPIs will be included that are viable with the data set
from the Data Understanding Chapter. The result should be a list of KPIs for Company X.

1.4.4.Data Preparation

The fourth step is ‘Data Preparation’, which consists of five tasks. Select data, clean data, construct
data, integrate data and format data [8]. The goal of this step is to prepare the data to fill the KPIs
from the resulting list of the KPIs Chapter. For this Chapter, the sub-research question arises:

o RQ6: What data transformations are required to make the data applicable to the KPIs?

To answer this question, the Power Query Editor Excel will be used to transform the data and other
Excelfeatures willbe used for additional integrations and formatting. For Company X the interest lies



in making their current data more useful for new insights instead of collecting new data. A limitation
can be the wish to consider a new data collection to support the data analysis, however, in the scope
of this research introducing new data and collecting data over some time that it becomes reliable is
not plausible. On that account, we have to limit ourselves to the available data.

1.4.5.Modelling

In the modelling phase of Crisp-DM, data will be analysed through different modelling techniques
[8]. This ‘Modelling’ Chapter will be about creating a data visualization of the KPIs that can give
information to the Supply Chain Manager on opportunities through data-driven decisions to reduce
costs, improve performances and measure results in the supply chain. For this, we need to consider
the aspects that are of importance to Company X when making the draft dashboard and ask the sub-
research question:

o RQ7: What aspects are important to Company X when creating a draft dashboard?

This question requires contacting the Supply Chain Manager and discussing the wishes for the draft
dashboard. For Company X an Excel draft dashboard suffices as data visualization if it can suffice as
a suggestion to Company X. By answering this question we can create a useful draft dashboard for
the manager.

1.4.6.Evaluation and Deployment

The ‘Evaluation and Deployment’ Chapter includes the final two steps. The evaluation step should
prove that the action and core problems have been solved, and the MRQ has been answered. The
following sub-research question to prove the solution arises:

o RQ8: What examples of data-driven suggestions for decision-making and measurable results
can be given?

If examples of data-driven suggestions for decision-making and measurable results can be given
with data-driven arguments, this would prove that the tool helps to make decisions for the Supply
Chain Manager and that the available data is effectively utilized to support decisions. Therefore,
improving the action problem “The Supply Chain Manager struggles at making decisions.” and the
core problem “Available data is not being is not being utilized to support decisions™.

The final step is the deployment of the KPIs and the draft dashboard. This part is about the actual
implementation at the company. The model has to be converted to a data-driven decision-making
tool for the company. Every company has its differences that require a different approach to the
implementation. Thus, the following sub-research question is needed:

e RQ9: What steps are required for the implementation of the KPIs and the draft dashboard at
Company X?

This question will be answered with an explanation of what steps need to be taken to apply the draft
dashboard and KPIs to practical use at Company X in the supply chain.



1.5. Deliverables

After conducting the problem-solving approach in Section 1.4, the following deliverables are
intended.

= Data analysis report

= KPIs for performances of order-picker and truck drivers
= KPIs for performances of trucks and the suppliers

= Draft dashboard for the Supply Chain Manager

In the data analysis report a deployment plan will be included to apply the draft dashboard and KPIs
to Company X. Moreover, in the report evaluations will be given on the different performances of the
employees, trucks, suppliers and costs and other opportunities will be explained. The KPlIs will
mainly be about the working performance of employees, driving performance of employees, truck
performance and supplier performance. With the deliverables, the goalis to offer Company X a data-
driven decision-making tool where results can be measured.
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2.Business Understanding

The Business Understanding Chapter will start by introducing the thematic analysis methodology in
Section 2.1.1 for the interviews to answer the research question “What are the different working
steps and methods of the employees?”. This methodology will be applied to the research question
in Section 2.1.2. Through answering this question the working methods in terms of picking methods
and driving methods of the order-pickers are analyzed in Section 2.1.3. And delivery methods and
driving methods of the truck drivers are analyzed in Section 2.1.4. Then, Section 2.2 will answer the
research question “What are the total costs of trucks in the supply chain in terms of maintenance
costs and capital costs?”. An overview of the 6 order-pick trucks and 4 transport trucks is given.

2.1. Interviews

To increase the Business Understanding of Company X an interview is conducted to answer the first
sub-research question “What are the different working steps and methods of the employees?”. 6
order-pickers and 4 truck drivers are interviewed.

In general, there are three kinds of interviews, structured, unstructured and semi-structured. In the
semi-structured, the interviewee is allowed to elaborate to a certain extent and give additional
explanations with open-ended questions. The responses are more comparable and offer more depth
[21]. For this research an overview of the topic is clear and the goal is to get more detail on the
working methods. Thus, in-depth information is relevant, however, a comparison between each
interviewee has to be made. For that reason, the interview is semi-structured. This allows for some
in-depth answers but gives comparability between the interviews. The questions are related to the
working methods and the usage of trucks. In consultation with the Supply Chain Manager, a
combination of closed and open-ended questions have been made. The order-picking questions are
about picking methods and problems, opinions on their truck and truck problems, the driving and
other suggestions. The truck driver questions are about delivery methods and problems, opinions on
theirtruck and truck problems, the driving and other suggestions. A list of the questions for the order-
pickers is shown in Appendix Figure 0-1 and the truck drivers in Appendix Figure 0-2.

2.1.1.Thematic analysis methodology for the interview

In general, data can be categorized as quantitative and qualitative data. Quantitative data uses
numeric values, and qualitative data uses both nominal and ordinal data, itis also called categorical
data [20]. The transcriptions are the qualitative data, however, to make the qualitative data useful
we need to conduct a qualitative analysis to make sense of the transcriptions. A technique that can
be applied to qualitative analysis is the thematic analysis. The thematic analysis is described as a
descriptive method flexibly reducing data to find patterns and explanations in the findings [22]. It can
be outlined in five steps: compiling, disassembling, reassembling, interpreting and concluding [22].
Compiling consists of transforming the interviews into usable transcriptions. Disassembling is about
coding the data, coding is defined as “the process by which raw data are gradually converted into
usable data through the identification of themes, concepts, or ideas that have some connection with
each other.” [31]. The data is separated and meaningful categories are made. The codes serve as
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tags to retrieve and categorize similar data [22]. During the reassembling, the codes are put into
context and a theme is given as a pattern. These themes can also have sub-themes and the themes
should be checked by asking questions like:

o Whatis the quality of this theme? (is it important in relation to the research question?)
o What are the boundaries? (inclusion and exclusion criteria?)
e Isthere enough data to support this theme? (are there multiple statements of this idea?)

These questions can validate useful themes or patterns [22]. The fourth and fifth steps are to
interpret and conclude the qualitative thematic analysis. The research question is answered and the
results are given and explained.

2.1.2.Thematic analysis application to the interviews

The compiling step is done by transcribing the recorded audio of the 6 order-pickers and the 4 truck
drivers and translating the interviews into English. The qualitative thematic analysis is done twice,
once for the order-pickers and once for the truck drivers.

The disassembling step is done in Excel, and based on the answers categories are assigned to the
type of answers. For the order-pickers 21 categories (codes) are found to separate the answers listed
in the Table 2-1. For the truck driver, 21 categories are found to separate the answers listed in the
Table 2-2.

Codes Codes

Generaldifficulty of work Generaldifficulty of work

Challenges of work Challenges of work

Working methods to reduce order-picking time Working methods to decrease delivery time

Truck problems Route description

Reason of truck problems
Truck satisfaction
Difficulty of truck usage

Truck repairs

Trainings

Opinion of Trainings

Sortof orders

Problematic conditions

Ideas to decrease order-picking time
Time to find items

Multiple parts opinions
Multiple parts fixes
Warehouse space
Warehouse organisation
Warehouse organisation fixes
Breaking of items

Pickerrors

Route variety

Opinion on high variation

Brake usage

Highway usage

Driving style

Reason for driving style

Fines

Frequency of customer problems
Sort of customer problems
Waiting time at customer

Stop time

Variation stop time per customer
Loadingtime

Point of sign off

Trainings

Opinion on trainings

Repairs

Table 2-1: Order-picker interview categories Table 2-2: Truck driver interview categories

The reassembling step is applied by searching for patterns in the answers to each category. In
Appendix Table 0-5 the analysis is done for the order-pickers and Appendix Table 0-6 the analysis is
done for the truck drivers. For instance, multiple statements are generalized to one theme if they
mean the same thing, if an order-picker answer fits this statement the box is checked. In the final
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column, the frequency of employees agreeing on a theme is given to offer strength to a certain theme
and offer more validity. The order-pickers identify from O1 to O6 and the truck drivers identify as V1,
V2, M3, and M4. V stands for Volvo and M for Mercedes because the difference in trucks needs to be
considered.

The interpretation and conclusion of the thematic analysis are applied by analyzing the differences
in answers of order-pickers in picking methods and problems, opinions on their truck and truck
problems, the driving and other suggestions in Section 2.1.3. And of truck drivers in delivery methods
and problems, opinions on their truck and truck problems, the driving and other suggestions in
Section 2.1.4.

2.1.3.Thematic analysis results of order-pickers

Only the main results have been included that best relate to differences and opinions on picking
methods, driving style and the order-pick truck.

Table 2-3 shows results related to picking methods and problems. Firstly, the order-pickers, with a
frequency of 5 out of 6, the order-pickers consider the difficulty of their work as easy shown in Table
2-3. 06 is the newest employee stating “l currently work quite slow and want to be as fast as the
others, which puts a lot of pressure on me”. Table 2-3 shows that the main challenges for the order-
pickers are knowing the items before picking and determining the criteria to sort the order, both with
a frequency of 3 out of 6. Since the warehouse has many different products and the list is not sorted,
mainly newer order-pickers state themes in Table 2-3 like having trouble determining the criteria and
knowing the products beforehand to stack the pallet efficiently with having to repack the pallet. O1
and O5 are employed the longest and did not state any real challenges. Working methods to reduce
picking time by O1 and O5 in Table 2-3 are checking the order beforehand, using the reach truck at
the very end when required multiple times and picking large, heavy and stackable items first to pack
more efficiently. The reach truck is required for products that are located higher up where the order-
picker cannot reach, if the order-picker sees multiple products and knows that it requires the reach
truck, these products will be picked last so the reach truck can be used in one go. By checking the
order beforehand, the order-picker can determine to pick heavy, large and stackable items before
smaller and lighter items.

Codes Themes Order-pickers Frequency
01 02 03 04 05 06
General difficulty of work |25 X x| x xix 5
Hard X 1
Knowing the items before picking to decide on an order X X X 3
Challenges of work Determining the criteria to sort the order X X 3
Busy period 1
Checking the order beforehand X X X X 4
Working methods to Use the reach truck at the very end if itis by required multiple times 1
reduce order-picking Larger boxes on the bottom and smaller ones on the top 2
time Heavy items on the bottom and lighter items on top 4
Stackable items on the bottom 3

Table 2-3: Picking methods frequency results
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The spider chart Figure 2-1 relates to driving and truck usage with the frequencies given on the axis.
To consider the truck in relation to the working methods, the spider chart shows 5 out of 6 order-
pickers have little to no problems with their truck and find the usage of the truck easy. Only O6 has
had problems and finds using the truck harder but states that he/she always had problems with
driving. Moreover, Figure 2-1 shows that all order-pickers are highly satisfied with the trucks. Truck
repairs have been limited in the past months to two employees having no repairs, three employees
having small repairs that were quickly handled by the technical department and as shown in Figure
2-1 only one significant repair was due where the supplier was required to step in. O1 stated “The
last repair was three months ago due to a worn wheel.” and viewed it as a result of long usage and
ageing and nothing significant.

Order-pickers

Truck satisfaction

P W B M

Nr of significant

Ease of truck usage
repairs

Figure 2-1: Spider chart of order-picker truck information frequencies

To conclude the interviews of the order-pickers and answer the research question, the main
differences in working steps and methods are, that employees with more experience have more
product knowledge and check the order beforehand to determine a picking order that makes
stacking easier. In general, these order-pickers state that picking heavy, larger and stackable items
first is beneficial. And using the reach truck only at the end helps to reduce the time. Comparing
these working methods by identifying the fastest order-picker can offer relevant insights on the best
working methods. Noticeable in the answers, working methods lacked relation to driving styles when
considering truck usage. Overall, the order-pickers stated that the truck usage is simple and they
find iteasy, O3: “Ifind iteasy.” and O1: “Yes, | find driving the truck easy.”, and that truck satisfaction
is high, O2: “Yes, it functions well.” and O4: “Yes, no problems.”. In the context of the research, this
contradicts different driving styles and proves that driving the order-pick truck is a simple method.

2.1.4. Thematic analysis results of truck drivers

Only the main results have been included that best relate to differences and opinions on delivery
methods, driving style and the transport truck.

Table 2-4 shows results related to delivery methods and problems. The truck drivers, in Table 2-4, 4
out of 4 truck drivers consider the general difficulty of their work easy, stating things like V1: “The
tasks are straightforward”. Nevertheless, in Table 2-4, the truck drivers encounter some challenges
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at work. Themes like, some customers require special attention, signing off when delivering the
products, being too busy, backwards driving and having new customers are stated. Special attention
is needed in cases like delivering to a prison or American companies and requiring pre-registration
or having to deliver in special locations in the building. These tasks are often time-consuming.
Backwards driving can be difficult, due to the size of the vehicle, V1: “Backwards maneuvring
requires precision and can be challenging due to space constraints.”. Signing off can take time when
the customer is not present or cannot be reached, M3 does the signing off later occasionally without
the customer which makes it invalid. M3 uses the signing off by him/herself to save time. Other
methods to decrease delivery time shown in Table 2-4 are, knowing the customer and its instructions
beforehand, this is considered relevant by all 4 truck drivers. And M4 brings a hand truck that offers
him support to unload sometimes. In general, the truck drivers report to rarely have customer
problems with a frequency of 3 and M3 reports to sometimes have problems given in Table 2-4.
Themes stated in Table 2-4 are the long waiting time or the customer does not accept goods.
Reasons stated in Table 2-4 for a long waiting time are, waiting queues at the customer, no customer
present, delivery to a specific location, new customers and no allowance to unload. The general case
isthat the truck driver does not know where to unload and needs the customer to sign off. V2 explains
that he/she waits in the queue or searches for the customer. V1 explains that he/she tries to call
Company X to arrange that he/she can skip the line, or calls the customer to arrange a location to
unload without the customer being present. M3 signs off later to save time when no location is
specified and no customer is present or when the waiting queue is too long. Signing off later without
consultation with the customer should not happen according to Company X. M4 does not encounter
customers with these problems and if no customer is present a location is agreed upon with the

customer.
Codes Themes Truck drivers Frequency
Vi v2 M3 M4
General difficulty of work Easy X X X X 4
Special attention customers X X 2
Busy X 1
Challenges of work Signing off X 1
Backwards driving X 1
New customers X X 2
Knowing the instructions X 1
Working methods to Knowing the customers X X X X 4
decrease delivery time Signing off myself X 1
Bring a hand truck X 1
Frequency of customer Sometimes X 1
problems Rarely X X 3
Sort of customer problems Long waiting time X XX 4
Customer does not accept goods X X 2
Waiting queue X X X 4
No customer present X X X 4
Waiting time at customer |Deliveryto a specific location X X X 3
New customers X X 2
No allowance to unload X X X 3

Table 2-4: Delivery methods frequency results
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The bar chart in Figure 2-2 offers results related to driving and truck usage with the frequencies on
the y-axis. The bar chart shows with a frequency of two, that V1 and V2 state having many long
distances with highways in their routes, with a frequency of one, M3 states having a mix of longer
distances with highways but also more residential areas and short distances with highway and M4
only suggests to have short distances with highway and residential areas. Figure 2-2 shows with a
frequency of 3, that V1 to M3 consider a high variety in their routes going to many different locations
in the Netherlands. M4 is mainly located in the region around the company with less variety. The
driving style of V1 and V2 is stated as economical and automatic with a frequency of 2 in Figure 2-2.
Both truck drivers explain that their truck is very limited, it accelerates slowly and offers many
settings that can support driving more economical. In comparison, the bar chart in Figure 2-2 shows
that the other two truck drivers, M3 and M4 state to drive calm and controlled but they make less use
of the settings to support driving more economical. Figure 2-2 shows the brake usage of two drivers
to be little, thisis V1 and V2. Whereas, M3 states sometimes and M4 states to use it a lot. This is also
dependent on the route since M4 is mainly in residential areas.

Driving frequency informations
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Figure 2-2: Bar chart of driving information frequencies

In conclusion, the main differences in working steps and methods between the truck drivers are the
driving styles and the handling of customers. V1 and V2 claim to “Let it coast a lot” and drive
“Economical”. M3 and M4 claim to drive calmly and to “Sometimes let the vehicle coast”, cruise
controlis used occasionally but the automatic system of Mercedes is used less by M3 and M4 since
they want to be in control by themselves. V1 and V2 like the automatic system of Volvo and claim to
use it a lot. Different from the order-pickers, the transporters do relate to more aspects when it
comes to a driving style. This is a relevant difference and can be compared to the operational data
and measured data in the Modelling Chapter. Important differences in handling the customers are,
that V1 just waits in the queue, V2 takes action to avoid the queue and calls the customer when not
present, M3 signs off him/herself sometimes and M4 claims to not require these measures. These
differences can also be compared to the operational data in the Modelling Chapter to see whether
some truck drivers have a smaller delivery time than others.
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2.2. Costs overview

This Section aims to answer the sub-research question “What are the total costs of trucks in the
supply chain in terms of maintenance costs and capital costs?”. This is done by collecting the
invoices of the suppliers and creating an overview of the maintenance costs from the transport
trucks and order-pick trucks. The overview of the maintenance costs is added to the capital costs
for the complete overview. The overview helps to have a clear picture of the costs made by each
truck.

Table 2-5 presents the cost overview for order-pick trucks and Table 2-6 for the transport trucks.
Order-pick trucks are designated O1 to O6 to the order-pickers, and transport trucks are assigned to
drivers V1, V2, M3, and M4. Each truck is exclusively used by its assigned operator. The overviews
include both repairs and maintenance instances. Maintenance is planned and preventive, repairs
are unplanned and necessary because the truck came to a standstill. The first column shows the
number of maintenance and repair instances. The next columns represent each truck and
subsequent rows detail each truck's total maintenance costs, capital costs, any extra costs,
maintenance frequency, construction year and age. Maintenance records and age span from each
truck's construction year to May 31, 2024.

In Table 2-5, the construction year of the order-pick trucks is 2021 and all 6 are the same age.
Company X has two more order-pick trucks with a construction year of 2024 with no maintenance
records yet. For that reason, they have been excluded from the research. The order-pick trucks show
a similar frequency of maintenance and repairs ranging from 3 to 6 records. The general costs range
from€1078,57 to €1630,36 with one outlier O1€2674,19. This outlier can be explained with the repair
from €908,20, this repair happened due to external use by another employee and not by the order-
picker O1. Distracting this repair from the costs would create a new range from €1078,57t0 €1765,99
for all order-pick trucks and a frequency ranging from 3 to 5 records. The capital costs of the 6 order-
pick trucks are also the same.

Number of maintenance and Order-pick trucks
repairs 01 02 03 04 05 06
1 €284,15| €284,15] €601,19] €284,15] €335,78] €425,02
2 €321,00 €51,63] €309,96| €478,98] €449,64] €140,31
3 €432,62| €223,06] €222,03] €564,40] €293,15 €51,63
4 €435,07| €372,47 €51,63 €9,68 € 460,88
5 €908,20] €293,15] €293,15] €293,15 €293,15
6 €293,15

Total maintenance costs €2.674,19 €1.224,46 €1.477,96 €1.630,36 €1.078,57 €1.370,99
Capital costs €15.250,00 € 15.250,00 € 15.250,00 € 15.250,00 € 15.250,00 € 15.250,00
Total costs €17.924,19 €16.474,46 € 16.727,96 € 16.880,36 € 16.328,57 € 16.620,99
Total maintenance frequency 6 5 5 5 3 5
Construction year 2021 2021 2021 2021 2021 2021
Years of age 3 3 3 3 3 3

Table 2-5: Order-pick truck costs overview
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In Table 2-6, the construction year of the transport trucks shows a lot more variance. V1 is from 14
July 2022, V2 is from 6 January 2023, M3 is from 7 December 2023 and M4 is from 9 January 2020. V1

is 1,88 years, V2 is 1,40 years, M3 is 0,48 years and M4 is 4,39 years. The transport trucks also show
a lot more variance in the frequency of records, ranging from 1 to 25 records. There is also more
variance in the maintenance costs ranging from €300 to €19089,42. An important consideration is
that the M4 is a lot older than the other vehicles of the fleet and has more records and costs

accordingly, however, the difference in costs is high to an extent where further research is required.
Moreover, V1 has a total maintenance cost of €2084,94 and V2 has €2314,41 whilst being younger.
M3 is new and only has €300 in terms of maintenance costs. Besides, the frequency of repairs also
results in downtime of the vehicles that can reduce efficiency and for the Volvo trucks, extra costs
of €150 are added to lend another vehicle. This has happened once for each Volvo truck so far. Finally,
the trucks differ highly in capital costs, with V1 and V2 €96494,00, M3 €101950,00 and M4 €84000.

Number of maintenance and Transport trucks
repairs Vi V2 M3 M4
1 €63,83 €16,19 €300,00 €207,07
2 €1.486,11 €80,51 €125,82
3 €56,31 €45,05 €539,15
4 €478,69] €251,91 €38,39
5 €1.897,07 €1.188,55
6 €23,68 €1.299,74
7 € 35,00
8 € 1.660,85
9 €923,71
10 €91,12
11 €675,20
12 €901,62
13 €1.320,93
14 €84,19
15 €197,29
16 €2.239,14
17 €29,67
18 €2.576,64
19 €2.301,07
20 €87,55
21 €81,82
22 €59,20
23 €43,35
24 €2.338,49
25 €43,86
Total maintenance costs €2.084,94 €2.314,41 €300,00 €19.089,42
Extra costs €150,00 €150,00 €0,00 €0,00
Capital costs €96.494,00 €96.494,00 €101.950,00 € 84.000,00
Total costs €98.728,94 €98.958,41 € 102.250,00 € 103.089,42
Total maintenance frequency 4 6 1 25
Construction year 14-7-2022  6-1-2023  7-12-2023 9-1-2020
Years of age 1,88 1,40 0,48 4,39

Table 2-6: Transport trucks cost overview
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To compare the differences in maintenance between the order-pick trucks and transport trucks,
Table 2-7 and Table 2-8 have been constructed with the maintenance frequencies and the
maintenance costs to calculate the Standard Deviation, the Mean and the Coefficient of Variation
(CV). The formula to calculate the CV is:

Standard Deviation

Mean

A high CV indicates more variability in relation to the mean and more uncertainty, and a low CV
indicates less variability in relation to the mean and less uncertainty [38]. Referring to Table 2-7 the
maintenance frequency and the maintenance costs of the order-pick trucks show a low CV of
17.50% and 17.88% respectively. On the other hand, Table 2-8 shows a very high CV for the
maintenance frequency and costs. This shows that there is less variability between the order-pick
trucks and more variability between the transport trucks proving that the transport trucks require
further research in terms of costs.

. Maintenance Maintenance Maintenance Maintenance
Order-pick trucks Transport trucks
frequency costs frequency costs
Standard Deviation 0,82 €254,71 Standard Deviation 10,86 €8.807,63
Mean 4,67 €1.424,72 Mean 9,00 €5.947,19
Coefficient of Variation 17,50% 17,88% Coefficient of Varation 120,70% 148,10%
Table 2-7: Order-pick trucks maintenance variation Table 2-8: Transport trucks maintenance variation

In conclusion, comparing order-pick trucks to transport trucks, the variance in maintenance
frequency, costs, and age is much higher for transport trucks. This presents opportunities for insight
through data analysis in the Modelling Chapter, potentially revealing relationships with truck and
driver performance and supplier differences. Earlier, the interviews indicated minimal differences in
order-pick truck usage, with drivers finding them easy to operate and experiencing few issues. The
order-picker interviews offered no variables to evaluate the driving style. This Section resulted in a
low variation in maintenance frequency, costs and age of the order-pick trucks. This questions the
relation between order-pick truck costs and truck usage and driving styles. Besides, the supplier for
all order-pick trucks is the same, therefore it becomes more difficult to evaluate the supplier. These
considerations will be taken into account in the Data Understanding Chapter. If data cannot be
found that offers insight into the order-pickers in terms of driving styles, truck performances and
supplier performances, including order-picking must be reconsidered. For transport trucks, the
identified differences indicate areas for analysis. Successful data gathering in the Data
Understanding Chapter will enable the creation of KPIs to evaluate these differences through the
draft dashboard.
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3. Data Understanding

In this Chapter, the aim is to explore data and gather data from Company X. The research question
“What data can be gathered at Company X in the supply chain considering the performance
management of order-pickers, order-pick trucks, truck drivers, transport trucks and the suppliers?”,
will be answered in Section 3.1 for the order-picking and in Section 3.2 for the transportation. In these
sections, the resulting list of data available at Company X will be explained and discussed.

3.1. Order-picking data identification
This Section involves the data collection related to order-pickers, order-pick trucks and the supplier.

Initially, the IT department indicated they could provide operational data on order-pickers, including
order specifications (weight, number of items, volume) over two years. However, due to time
constraints and data extraction difficulties, Company X could not provide this data through their ERP
software.

Subsequently, discussions with the Supply Chain Manager led to requesting truck specifications and
performance data from the order-pick truck supplier, Jungheinrich. While the supplier provided
many truck specification variables, they could not offer historical operational data. They proposed a
contract to collect future data, which required an investment without a proven basis for cost
reduction or performance improvement.

Based on the Business Understanding and Data Understanding chapters, a key conclusion emerged.
Interviews in Section 2.1 indicated minimal differences in driving styles and performances, as order-
pick trucks were found to be easy to operate. Additionally, the cost overview in Section 2.2 showed
low variance in maintenance costs and frequencies for order-pick trucks compared to transport
trucks, complicating supplier and truck performance analysis. Due to the limited availability of
operational data from both the IT department and the supplier, the research focus shifted away from
order-picking to transport trucks and drivers. Nevertheless, two recommendations arose: (1)
Company X should use their ERP data related to order-picking to gain insights into order-picking
performances if they pursue data-driven decisions in the future. Differences in picking methods
identified in interviews can be analyzed using operational data to identify best practices and improve
performances. (2) If truck costs increase and satisfaction decreases, consider JungHeinrich's
contract for measurable data to evaluate order-pick truck performances.

3.2. Transportation data identification

This Section involves the data collection related to truck drivers, transport trucks and suppliers.

For transportation, discussions with the Supply Chain Manager and IT department revealed that the
ERP data could be offered including the weight of delivery, the quantity of deliverables, and the
delivery time of sign-off at a customer. Using these variables, truck driver performances can be
assessed based on weight, delivery time and customers per delivery. Aspects like street and type of
road are currently not available at Company X. Without these variables showing the exact routes
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driven is difficult to identify for this research. Therefore, route-related aspects are excluded from the
research, and the assumption is made that the truck drivers drive identical routes. After several
meetings with the IT department, the ERP data for the transportation from 1 January 2023 until 31
May 2024 was provided. The resulting ERP data is shown in Table 3-1 in the left column.

Another conversation with the Supply Chain Manager revealed that the two transportation truck
suppliers could provide monthly measurements of the trucks. After multiple requests, the Mercedes
supplier could deliver monthly driving reports in PDF format and the Volvo supplier provided a
website with data measurement reports where Excels can be exported. The reports of both suppliers
could be provided from the construction date given in Section 2.2 until 31 may 2024 for each truck
V1, V2, M3 and M4. The reports from Volvo offer more diverse data since the Mercedes reports are
limited to driving reports. Driving style-related variables like coasting, brake usage, fuel consumption
and other driving-related aspects were provided by both suppliers and shown in the second column
of Table 3-1. Individual Mercedes data that could be gathered is shown in the third column of Table
3-1 and the individual Volvo data is shown in the fourth column of Table 3-1.

ERP Data Combined Supplier data Individual Mercedes data Individual Volvo data
TR Nr. Totaldistance (km) Wear-free braking (km) Distance uphill (%)
Customer Nr. Average speed (km/h) Kick down usage Distance flat (%)
Stationary time(engine
Type of deliverable running) Distance > 85 km/h (km) Distance downhill (%)
Stationary time(engine
Amount of deliverables off) EcoRollrate Transport work (t-km)
Total pedal brake
Weight of deliverables Totalstationarytime PPCrate usage (Number)
Total brake usage
Delivery time Stops Economy program rate (Number)
Fuel consumption driving Fuel consumption
Delivery date L) Manual program rate with cruise control (1)
Fuelconsumption Fuelconsumption
DriverID stationary (1) Standard program rate during engine load
Engine revolutions
City Totalfuel consumption (1) (Number)
AdBlue® consumption (l) Economytime
Speed under engine
CO,-emission (kg) load (km/h)
Roll out (km) Economy mode (km/h)
Rollouttime Coasting speed (km/h)
Speed with cruise
Cruise-control (km) control (km/h)
Speed attoo high
Average weight (t) speed (km/h)
Speed in highest gear
Braking (km) (km/h)

I-Shift automatic time

Table 3-1: Transportation operation data list

In Table 3-1 the final data set is given. First, the ERP data is considered, the data set has 19248 rows
and 9 columns. The data variables are as following:

e TR Nr. isthe unique identifier of one complete delivery.
e Customer Nr. is a unique identifier for each customer.
e Type of deliverable includes the sort: pallet, box, half pallet, block pallet or roll container.
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e Amount of deliverables is a number of a deliverable type ranging from 0 to 25.

e Delivery time which is the time of the day that the delivery of one customer is signed off after
the unloading is finished.

e Delivery date is the day of the delivery.

e DriverlD is the identifier of the driver, in the context of this research V1, V2, M3 and M4.

e Cityis excluded in this research since the route is not taken into account.

A limitation of this data set is that the activities are registered by the drivers, if drivers sign off later or
set the activities as finished a day later this can harm the correctness of the data. The time frame of
one year and five months can help to make the mistakes neglectable if mistakes are not too many.

The supplier data sets in Table 3-1 have many data variables that are a sum of the month or averages
of the month. The Volvo data set has 33 columns for V1 and V2, V1 has 18 rows and V2 has 16 rows
due to the difference in construction date. The Mercedes data set has 24 columns for M3 and M4,
M3 has 5 rows and M4 has 24 rows. To generalize the data variables:

e Fuel-related variables are a monthly sum in liters.

e Distance-related variables are a monthly sum in kilometers.

e Time-related variables are a monthly sum of the total time in hh:mm:ss.
e Speed and weight-related variables are monthly averages in km/h and t.
e (CO, emissions are a monthly sum in kilograms.

The data is dependent on the measurement system of the suppliers, and at first sight, it is difficult to
determine the correctness, however, the values seem to be comparable with no significant outliers
for each truck driver. A decision is made that only the most recent 5 months of each truck driver is
used since M3 only has 5 months available, and using more past months would make it less
comparable to M3. For Company X over time these months will increase to support the validity.

The research question “What data can be gathered at Company X in the supply chain considering
the performance management of order-pickers, order-pick trucks, truck drivers, transport trucks and
the suppliers?” is answered for the transportation, in the interviews Section 2.1 different delivery
methods and driving styles are shown. The costs are shown in Section 2.2. The ERP data variables
are given in Table 3-1, this data relates to the truck driver delivery performance in terms of variables
like delivery time, weight and number of deliveries. If a truck driver's performance is high this can be
compared to the delivery methods mentioned in the interviews. Finally, the transportation also has
supplier data available shown in Table 3-1. Many data variables relate to truck drivers driving style
performance, this can be compared to the driving styles mentioned in the interviews. These data
variables also relate to the transport truck performance in terms of economical driving, emission
and costs and the variables relate to the supplier performance in terms of costs, economical driving
trucks and low emission trucks. At this point of the research, a first evaluation of the transport truck
suppliers can be made. The Volvo suppliers offer more data variables and it can be exported with
more ease than the PDFs of Mercedes. Based on the gathering Volvo performs better than Mercedes.
In the next Chapter KPIs, the data setin Table 3-1 is used to find relevant KPIs accordingly.
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4.KPIs

The KPIs Chapter will include data analysis through the use of KPIs. Section 4.1 will be about the
research question “What frameworks can be used to develop KPIs that evaluate the supply chain
within a company?”, after answering this research question by providing a theoretical framework.
This framework will be applied to the research. Then in Section 4.2 the research question “What KPIs
are importantin the supply chain considering the performance management of order-pickers, order-
pick trucks, truck drivers, transport trucks and the suppliers?” will be answered based on the
available data of Company X. A list of KPI suggestions is made. The theoretical framework will be
applied to this list to conclude a final list of KPIs in sections 4.2 to 4.5 that is filled with data of
Company X.

4.1. Theoretical framework

A theoretical framework will be created with a systematic literature review of the sub-research
question “What frameworks can be used to develop KPIs that evaluate the supply chain within a
company?”. The theoretical framework will be about a given framework for creating KPIs. The idea is
to find a theory on a general framework that can be applied to KPIs. This can then be applied to the
research in the next part of the KPIs Chapter. The theoretical framework serves as a guide to develop
useful KPIs for Company X by going through steps gathered through a literature review. The KPIs
should relate to the delivery performances, driving performances, cost performances and supplier
performances to create insight into the transportation of Company X.

4.1.1.Introduction KPI

Key performance indicators, in short KPIs, are measures to quantitatively or qualitatively assess the
performance of critical factors over time [14]. The performance indicator is a numeric value that
represents a complex empirical phenomenon [12]. Creating KPIs can enable the companies to
establish a point of reference for periodic improvements and help identify areas that can directly
affect the total business costs [12]. To our research goal, we aim to increase insight to improve the
quality of the decision-making in terms of cost performance, truck driver performance, truck
performance and supplier performance.

A systematic literature review has been done on the research question “What frameworks can be
used to develop KPIs that evaluate the supply chain within a company?” and a framework is made to
create KPls, the SLR protocol is given in Appendix |. First criteria are identified for exclusion and
inclusion like “Written in English”, “Peer-reviewed” and “Published before the year 2000” to improve
the quality of the literature. The SLR is done by using the keywords, “KPI, Framework, Develop,
Supply Chain and Company” to find articles in the scope of the research. The search terms are
narrowed down in a search log to find more specific articles by adding relations or adding words like
“supply chain”, “performance” and “framework into one string. This process is repeated until useful
articles are found that help in developing KPIs and validating them. Then concepts are derived from

the articles and turned into a Conceptual Matrix in the Appendix Table 0-4. This conceptual matrix is
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used to create the conceptual framework by comparing concepts to develop KPIs of different
sources to find concepts that can be added to the framework. In the following, the resulting
conceptual framework with steps to conduct to develop useful KPIs for Company X is given.

4.1.2.KPI Identification

The initial step is to identify KPIs. Based on [15], the sampling of KPIs can be done through two

procedures. First, one can start by doing an SLR about relevant KPIs regarding the research topic [15].
The keywords that are related to this research topic and narrow the search if we get too many results.

Keywords like truck driver, transport truck, logistics, maintenance, costs and supply chain can be

considered. In addition to these keywords, we need to add KPIs and/or Metrics and/or performance

indicators to find sources with KPlIs. KPIs can be picked if they are found in multiple articles or match

the data variables that the research has access to [12].

The second procedure to collect KPIs can be done through consultations in the form of meetings,
surveys and interviews with experts methods like questionnaires given to experts [15], like the truck
drivers, the supply chain manager and the suppliers. These experts can suggest performance
indicators that relate to the research. Through these questionnaires, another set of KPls can be
found.

4.1.3.Filter the KPlIs

This step helps to understand the sets of KPIs and filter them based on certain criteria. To develop
proper KPIs, three principles are considered important: cause-and-effect relationships, availability
of key performance drivers and linkage to financial measures [13]. The KPIs need cause-and-effect
relations between the perspectives and between each other. Moreover, it is important to have
performance drivers as KPIs that can explain how the outcome KPls are to be achieved [13]. The
general aim is to improve the transportation performance, in this case, improve the driving
performance, financial performance, delivery performance, supplier performance and truck
performance. Other principles to filter the KPls are, the availability of data to set baselining and target,
measurement criteria and measurement results set, and KPIs are linked to goals and objectives of
the research [16]. Based on the principles of developing proper KPIs we create questions to evaluate
KPls and exclude KPIs that cannot be answered through the following questions:

l. Does the KPI offer a cause-and-effect relationship with another perspective or another KPI?

1. Does the performance driver KPI connect with an outcome KPI or does the outcome KPI have
a performance driver KPI?

1. Is sufficient data available for the KPI?
V. What are the measurement criteria?
V. Can useful measurement results be achieved?

VI. Does the KPI help in reaching the research objective?
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4.1.4.KPI Sorting through a Balanced Scorecard and Three Hierarchical Levels

The next step contains a sorting process based on two methodologies, the Balanced Scorecard
(BSC) and the Three hierarchical levels (strategical level, tactical level and operational level).

The BSC, introduced by Kaplan and Norton in 1992, is one of the first performance measurement
models to represent the efficiency and effectiveness of activities inside a complex organization [12].
BSC means to evaluate corporate performance from four different perspectives:

The Financial perspective indicates whether strategy, implementation and execution effectively
contribute to financial success like cost reduction [13]. The Internal Business Process Perspective
represents the employees' skills with the usage of the trucks [13]. The Customer Perspective is about
factors that matter to the customer [13]. The Innovation and Learning Perspective is about efficiency
and cost reduction through innovation considering the maintenance and usage of trucks [13].

Based on [15], the Customer Perspective is limited to the customer only and misses the
identification of all stakeholders, including employees and the company itself. In the scope of this
research, the customer perspective is replaced with a Stakeholder Perspective to include suppliers,
the supply chain manager and the company itself, excluding customers

Through the BSC the financial part of the transportation and its costs can be taken into account
whilst considering non-financial measures. Moreover, the BSC is a widely known methodology that
helps in focusing on the business objectives considering each perspective. The objectives can be
represented with KPlIs for each perspective.

Strategic

Tactical

Operational

Figure 4-1: Anthony's pyramid [12]

The Three Hierarchical Levels are based on Anthony’s pyramid structure. In Figure 4-1, the highest
level is strategic, it is about aggregating information for long-term decision-making processes. The
middle level is tactical and controls if the goals set by the higher level are attained efficiently and
effectively, decisions for these KPIs are the mid-term. The lowest levelis operational, it contains very
detailed information mainly used for frequent, short-term and not very incisive decisions [12]. This
is to be included in the framework to construct hierarchical relationships between KPIs to identify
influences among indicators. The sorting of KPls will be done by combining the BSC and hierarchical
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levels into sorting tables for the KPIs. Tables will be made where the KPlIs are sorted into the four
perspectives of the BSC and sorted into the three levels of Anthony’s pyramid.

4.1.5.Define and Finalize the KPIs

At this point, the BSC is reduced to effective KPIs. Nevertheless, the KPIs need to be clearly defined.
With the company's objectives, define the KPIs and give its characteristics [14]. The necessary
explanations and definitions of the most important KPIs will be given. Finally, a consensus is to be
reached forthe BSC. Toreach a consensus for the BSC, we communicate the BSC to all stakeholders,
comments and feedback can be received and the BSC can be revised accordingly [13]. To do this the
BSC with the explained KPIs will be presented to the stakeholders or the experts who give feedback
on the KPIs [15]. This process until a consensus for the BSC has been reached. If a consensus has
been reached and the list of KPIs fits the four perspectives and the three levels, the KPIs can be
applied to the data.

4.2. KPIIdentification - Literature review on KPls

Based on the theoretical framework, this Section includes the initial step to identify KPIs that apply
to Company X through a literature review of the sub-research question “What KPIs are important in
the supply chain considering the performance management of order-pickers, order-pick trucks,
truck drivers, transport trucks and the suppliers?”. This literature review takes transportation
performances into account. The KPIs should offer insight to the supply chain manager considering
the costs of trucks, the truck performance and the truck driver performance. If articles relate to these
aspects and fit the data of Company X that are in the scope of this research they are picked and
evaluated.

The first article [26], discusses an evaluation of a vehicle fleet through maintenance management
indicators. Since this research also considers the fleet of four transport trucks and requires KPIs to
be evaluated, the indicators suggested in this article can offer suitable insight. The second article
[25], considers an optimal allocation of delivery trucks through lifecycle-based criteria. With our
research, the fleet ranges from more than 4 years (M4) to less than half a year (M3) in age. Therefore,
this article is added. The third article [31], tries to evaluate driver performances through the use of
driving measurements. This research also aims to gain insight into driver performances with the
Mercedes and Volvo suppliers giving monthly reports on driver measurements to Company X. The
fourth article [33], creates a framework of KPIs for autonomous shipping in Europe. Company X does
not offer autonomous shipping, however, it does offer manual shipping by the truck drivers.
Furthermore, KPIs in the article relate to the transportation shipping process which is suitable for
this research. Finally, the fifth article [34], discusses a freight transportation company and evaluates
its performance through metrics. Freight transportation is the movement of goods from one place to
another. This is the main task for the fleet of Company X. The metrics offered about freight
transportation can show interesting factors that can help to gain insight into the transport trucks and
the suppliers.
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KPIs Explanations 126](125]| 3111331 [34]
Capacity utilization The volume of the truck divided by volume used X X X
Maintenance costs Allthe maintenance costs summed per truck X X X X
Time between failures The time between repairs of a truck X

Fuel consumption The diesel consumption per truck X

CAPEX The capital cost of the truck X X
Lifetime kilometres The total kilometers driven by a truck X X
CO, emission The CO, emission per truck for a certain time period X X
Total life cycle costs Allthe costs combined the truck has made X

Age of truck The current age since the truck has been bought X

Idle duration The time with engine on without driving X

Fuel costs The fuel cost multiplied with the driven kilometers for a time X X
Average speed The average km/h driven by a truck for a certain time period X X
Average loss cost of fuel The average costs made during idle duration X

Net difference CO emissions The difference in emissions between the trucks or suppliers

Weight per delivery The total starting weight carried for one complete delivery

Average distance traveled The average distance for a certain time period per truck X
Delivery time per driver The total delivery time per complete delivery per driver X
Complete deliveries per supplier The total complete deliveries in a time period per supplier X
Complete deliveries per driver The total complete deliveries in a time period per driver X

Table 4-1: Literature KPI list

InTable 4-1, a suggestion list of KPIs is collected. Whenever an article offers a KPl the box is checked,
some KPIs are offered by multiple articles and have multiple checks. KPIs are included if they relate
to driving performance, delivery performance, suppliers performance, truck performance and cost
performance and if the KPlIs are feasible with the final data set from Table 3-1.

The identified KPIs cover critical aspects of fleet performance, from utilization and maintenance to
fuel consumption and emissions. These indicators provide comprehensive insights into both
financial and operational performance, allowing for a balanced evaluation of the fleet. By comparing
the performance data across these KPIs, areas of improvement can be identified to support the
decision-making process.

The Table 4-1 shows the finalized list of KPIs gathered from the chosen articles through a literature
review. Based on the theoretical framework, the next procedure for KPI identification is to consult
the list with experts and review the list with the questions from the theoretical framework.

4.3. KPI Experts consultation and filtering

This Section identifies additional KPls through consultation with experts, and filters KPls based on
the questions from Section 4.1.3.

The second procedure for KPl identification is done with the experts. In this research the main expert
is the Supply Chain Manager of Company X. Moreover, the truck suppliers are viewed as experts and
the truck drivers are viewed as experts. The answers given in the interviews by the truck drivers are
taken into account to evaluate the list of KPIs. Consultations with the suppliers have been done
through mail messaging, calls and a meeting. Finally, to review the list, close ties have been kept
with the Supply Chain Manager to consistently consult about the data and the KPlIs. Based on these
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interactions 13 KPIs have been added shown in Table 4-2 below. Table 4-2 gives additional KPIs to
evaluate the driver performance, the cost performance, the delivery performance and the overall
fleet performance. These KPIs were approved by the Supply Chain Manager and can support the
decision-making process by offering new insights.

KPIs name Explanations

Roll out (%) Distance of coasting the truck divided by the total distance.

Cruise-control (%) Distance of using cruise-control divided by the total distance.

Braking (%) Distance of braking divided by the total distance.
Scores each driver from 1to 4 based on their performance in four areas: Idle (%), Braking (%),

Driver Performance Rollout (%), and Cruise-control (%). For each KPI, the best-performing driver gets 1 point, and
the worst-performing driver gets 4 points.

Residualvalue The truck's currentvalue based on 15% straight-line depreciation.

Total Cost of Ownership (TCO) Total cost of a truck, including all maintenance and capital costs, minus the truck's current value.

TCO (fuelincl.) TCO but with all-time fuelincluded as cost.

Cost per Kilometer TCO divided by the lifetime kilometers.

Cost per Kilometer (fuelincl.) TCO (fuelincl.) divided by the lifetime kilometers.

Customers per driver Average monthly customers per complete delivery per driver.

Average fleet age The total fleet age divided by the number of trucks in the fleet.

Average lifetime kilometers  The total lifetime kilometers divided by the number of trucks in the fleet.

Maintenance frequency Allthe maintenance and repairs counted per truck.

Table 4-2: Experts consultation KPI list

The next step is to evaluate the literature and expert KPIs by applying the questions from Section
4.1.3. to the literature KPIs and the experts KPIs. The questions are answered in Table 4-3 through a
checklist where the KPIs go through the six questions. In the Table 4-3 questions I. and Il. are
combined since the Cause-and-effect relationship and the KPI connection correlate with each
other. Question lll. is about the data availability, question IV. is about what the measurement
criteria are and if they are clear, question V. is about whether the results are useful and question VI.
Is about whether the KPIs help in reaching the research objective. Table 4-3 only shows the KPIs
that have a least one unchecked box since these are relevant for the filtering process. The
complete version is in the Appendix Table 0-7, where a total of 32 KPIs have been evaluated based
on the questions.

In general, for |. and Il. all boxes are checked since all KPIs serve as either a Driver KPI or an
Outcome KPI and each KPl is affected by or affects another KPI, except for Complete deliveries per
supplier because this KPl is about the delivery performance of the drivers and not the suppliersin
this research. lll. is checked for almost all boxes since the KPI identification is based on the
available data resulting from the Data Understanding Chapter except for Complete deliveries per
supplier because the supplier does not do the deliveries and for Time between failures because the
maintenance records lack the labor time of the repairs. IV. is also checked for almost all boxes
since for all KPls the measurement criteria are clear and shortly explained in Table 4-3, except for
Complete deliveries per supplier. V. and VI. are checked for many KPlIs since they offer usefulintel
on efficiency, costs, trucks, drivers and the fleet and these KPls support decisions, offer relevant
information and support evaluations. However, the following KPIs are not checked for V. and VI.:

o Totallife cycle costs is excluded as it fails to account for the residual value of a truck.
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o Average speed is prone to routing variations and speed limitations on the trucks, making it
less reliable as a KPI.
Net difference CO, emissions is redundant and covered by the CO, emissions KPI.
Average distance travelled lacks significance as a standalone KPI and is better suited as a
data variable to be used as a basis for other KPIs.

o Complete deliveries per supplier is again not applicable.

Thus, all KPIs with unchecked boxes are excluded, ensuring only high-quality KPIs are advanced.
Those KPls that meet all criteria will proceed to the next step, where they will be sorted based on
the Balanced Scorecard (BSC) and the Three Hierarchical Levels.

KPI Name (green:literature, | I. and Il. Cause-and Effect | IIl. L VI. Research
X | IV. Measurement Criteria V. Useful Results .
yellow:experts) Relationship of KPI Data Objective
t KPI affect
Time between failures 4 Outcome affected by X | Time between repairs & Intelon efficiency [« Givesinformation

Maintenance frequency
Outcome KPI affected by
Age of truck
Average speed [« Driver KPI affects Fuel costs
Outcome KPI affected by
Average speed
Average distance travelled |« Driver KPI affects Fuel costs
No impact, deliveries are
not done by suppliers

Total life cycle costs v « |+ Sumall costs overtruck's life [ Lacks residual value[3¢ Not complete
v | Distance / time 3 Speedislimited [ Notapplicable
Net difference CO, emissions [+ « |+ Netdifference between trucks|3 Already covered [ No newintel
| Kilometers per month 3¢ More a data variable[3¢ Not as KPI
X

Complete deliveries per supplier [3€ 3¢ Not done by suppliers 9 Notbysuppliers [ Notapplicable

Table 4-3: KPIl excerpt checklist evaluation

4.4. KPI Sorting— Application

This Section applies the theoretical framework of Section 4.1 to the list of KPIs from the literature
review and the extra KPIs from the experts consultation. The KPIs are sorted based on the Balanced
Scorecard and the Three hierarchical levels.

The Table 4-4 shows the four perspectives of the Balanced Scorecard. In the context of thisresearch,
the Financial Perspective is KPIs related to the general costs of the trucks individually and in terms
of the fleet. The Stakeholders Perspective are KPIs related to the evaluation of the suppliers. In
other circumstances, customers would be included as the stakeholders but this research limits the
stakeholders to the suppliers. The Internal Business Perspective are KPIs related to the evaluation
of the individual truck drivers and the driving process itself. Finally, the Innovation and Learning
Perspective contains opportunities for Company X to improve and keep track of.

The Operational Level includes short-term decision-making KPIs and operational measurements
[12]. Table 4-4 shows measurements like the Maintenance frequency, Average monthly weight per
driver, Lifetime kilometers and so on. These measurements provide a basis for evaluating daily
operations. These KPIs are crucial for monitoring immediate performance but do not directly
influence long-term decisions.

The Tactical Level contains indicators that show performance and efficiencies and can support
mid-term decision-making [12]. These indicators are mainly drivers for the strategic KPls. For
instance, financial KPIs like Total maintenance costs per truck and Residual value are essential for
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evaluating mid-term financial health and guiding long-term investment decisions. Similarly,
supplier-related KPIs like Average monthly fuel consumption per supplier and Total maintenance
costs per supplier offer valuable insights for supplier performance evaluation and relate to the
strategic long-term decision KPls. Driving performance percentages, such as Braking (%) and
Cruise-control (%) offer insight into the drivers and comparisons between the drivers. These KPIs
combined are the drivers of the strategic KPI Driver Performance. To improve control of the whole
fleet knowing tactical KPls Average fleet age and Average lifetime kilometers help to keep track of the
trucks.

The Strategic Level are KPIs for the long-term decision-making process [12]. These KPIs reflect the
overall performance across BSC perspectives. Financial KPIs such as Capital costs per truck, the
TCO and Cost per kilometer provide a comprehensive view of the cost-effectiveness of the fleet, the
individual truck and the supplier. Thus, enabling the Supply Chain Manager to make informed
investment decisions considering the trucks and the suppliers. The Driver Performance KPI scores
the truck drivers based on the four tactical KPIs of the Internal Business Perspective. This KPI
indicates the best-performing and worst-performing driver to the Supply Chain Manager, enabling
data-driven evaluations. Finally, Innovation and Learning KPIs, including Capacity Utilization,
Monthly CO®emission and Monthly idle fuel costs highlight potential growth areas, guiding strategic
initiatives for sustainability and efficiency.

Residualvalue

Total maintenance costs
per supplier

Idle (%)

Braking (%)

Financial perspective |Stakeholders _Innovation and learing
Level KPI KPI KPI KPI
Strategic Capital costs per truck Capital costs per supplier |Driver performance Capacity Utilization
TCO TCO per supplier Monthly CO? emission
TCO (fuelincl.) TCO (fuelincl.) per Monthly Idle fuel cost
supplier
Fleet fuel Cost per Kilometer |Fleet fuel Cost per
Kilometer per supplier
Cost per Kilometer Cost per Kilometer per
supplier
Total cost per kilometer Total cost per kilometer
per supplier
Tactical Total Maintenance costs per |Average Monthly fuel Rollout (%) Average fleet age
truck consumption per supplier
Totalfleet costs Average Monthly co? Cruise-control (%) Average lifetime kilometers
emission per supplier
(g/km)

Operational

Maintenance frequency

Totalmaintenance
frequency per supplier

Average monthly weight per
driver

Average monthly
customers per driver
Average monthly complete
deliveries per driver
Average monthly delivery
time per driver

Age of each truck

Lifetime kilometers of each
truck

Table 4-4: KPI list sorted
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4.5. Define and Finalize the KPIs

This Section defines the KPIs and explains how the KPIs have been achieved. At the end, the sorted
list of KPIs is taken to the Supply Chain Manager until a consensus is reached.

First, the strategic KPIs are defined and explained on how to achieve the KPI:

Capital costs per truck = Initial truck investment cost found in cost records.

TCO =Total Maintenance costs + Capital costs — Residual value of the truck

Cost Per Kilometer = TCO divided by the Lifetime kilometers.

Driver Performance = A scoring from 1 to 4 based on their performance in four areas: Idle (%),
Braking (%), Roll out (%) and Cruise-control (%). For each KPI the best-performing driver gets
1 point, and the worst-performing driver gets 4 points. The total score shows the overall

O O O O

performance, with a lower score indicating better performance.

o Capacity Utilization = Each type of deliverable (pallet, half pallet, block pallet, roll container
and box) is converted to a ratio in pallets and the resulting deliverables are summed. The sum
of deliverables is divided by 26 which is an assumption of the maximum capacity. If the value
is close to 0 the truck is underutilized and if itis close to 1 the truck is well-utilized.

Monthly CO, emission = The total monthly CO, emission of all four trucks.
Monthly Idle fuel costs = The total monthly stationary fuel consumption multiplied by the fuel
price of all four trucks.

The tactical and operational KPIs are explained in the Appendix Ill. With these explanations of the
strategic KPIs, the main KPIs are now defined and require the final approval of the Supply Chain
Manager to be finalized.

After multiple meetings with the Supply Chain Manager, the KPls were considered good for the cause
of the research. The Supply Chain Manager approved that these KPls would support offering data-
driven decision-making. In Section 4.3, the KPIs suggested by the suppliers and the Supply Chain
Manager have been included and the Supply Chain Manager and suppliers agreed with the resulting
KPls in Table 4-4. This list will be applied to the Data Preparation Chapter to fill the KPIs with data
and then create a dashboard in the Modelling Chapter. The research question “What frameworks
can be used to develop KPIs that evaluate the supply chain within a company?” is answered with the
theoretical framework explained in Section 4.1 that effectively helped to develop high-quality KPIs
fitting to the research. Moreover, the research question “What KPIs are important in the supply chain
considering the performance management of order-pickers, order-pick trucks, truck drivers,
transport trucks and the suppliers?” is answered with the Table 4-1 showing relevant KPIs from the
literature that help in evaluating the performances for these aspects. The final list in Table 4-4 is the
list of developed KPIs that are important to support the decision-making of the Supply Chain
Manager in terms of transportation performances.
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5. Data Preparation

This Chapter aims to prepare the data for data analysis and data visualization. The five tasks Select
data, clean data, construct data, integrate data and format data are conducted in this Chapter
considering the KPlI listin Table 4-4.

5.1. Selection and cleaning of data

This Section goes through the selection and cleaning of the transportation data.

The first two tasks are the selection and cleaning of data. This is partially done in Section 3.1 where
all the data sets for the performance management of transportation have been gathered. Indirectly
whilst exploring the data sets of Mercedes and Volvo data variables with only 0 values and empty
values were excluded. At this stage, the list of KPIs is used to exclude unused data variables.

First, the ERP data set. The data set exported by the IT-Department still included variables like
ShippingName, ShippingPostalCode and ShippingCity. These variables relate to locations and
routing. This is not included in the scope of this research. Finally, the OrderCustomerID can be
removed since this research does not look at the customers individually but focuses on the
deliveries. This results in the Cleaned ERP data set in the left column of Table 5-1.

|Cleaned ERP data set Cleaned Suppliers data set

DriverID Total distance (km)

TRNr Totaltime (hh:mm:ss)

TypeDeliverable Stationary time(standstill, engine running)

DeliveryDate (dd/mm/yyyy) Totalstationarytime (hh:mm:ss)
DeliveryTime (hh:mm:ss)  Brake distance (km)
NrDeliverables Fuelconsumption (1)
Weight (kg) Fuel consumption driving (L)
Fuelconsumption stationary (l)
CO,- emission (kg)
Roll out (km)
Cruise-controltime (hh:mm:ss)

Table 5-1: Cleaned transportation data set

In Chapter 4 the final list of KPIs in Table 4-4 has only KPIs with data variables that both Volvo and
Mercedes have available. The KPIs take out a lot of the data variables that were given in Chapter 3
the data set in Table 3-1. Since the data variables are not relevant to the KPls, they are taken out at
this stage. The data variables that were necessary for the driving performance KPls are Total
stationary time, Brake distance, CO, emission, Roll out and Cruise-control time. The distance and
time data variables are necessary to calculate the rates for these variables and the fuel
consumption-related variables help to offer insight for the Fuel KPIs. This results in the Cleaned
Suppliers data set in the right column of Table 5-1.
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5.2. Construction, integration and formatting of data

This Section constructs the data by transforming all the data sets with the use of the Power Query
Editor into one Excel. New variables are constructed with the existing data sets to prepare the
required data for the KPIs from Chapter 4. Moreover, this Section offers an additional integration of
the supplier's data and formats all the resulting data sets.

To clarify the Data Preparation process an illustration has to be added. A flowchart is a graphical
representation of a process [41]. In Figure 5-1, the data process flow chart is given. It starts with the
sources for the Data Preparation. As said in Section 3.2, the measurable data of Mercedes comes in
PDFs as a report for each truck each month, the Volvo export comes in Excel for each truck with all
months and the ERP export comes as big data in Excel for the complete period. Each truck is
assigned one map where the files can be added and the ERP export is assigned its map resulting in
five maps. With the Power Query Editor, a querying tool from Excel the maps are exported and all
connected to one specific Excel file. As shown in Figure 5-1, the Power Query Editor is the main tool
used for Data Preparation, through queries the PDFs are reconstructed to effective tables and
transformed to the same format for each truck with its table. For more detailed steps see Appendix
IV. Furthermore, the ERP data is transformed in the Power Query Editor. With these transformations,
the result is the Excel Data Warehouse, see Figure 5-1.

Sources Data Preparation Data Warehouse

Mercedes
PDFs

T
—
Power

export transform
Volvo El ! Query

Excel Data

export Editor Warehouse
~—

Ty
S—

ERP |
export
~—

Figure 5-1: Data process flow chart

With the Excel Data Warehouse, some additions were required to make it applicable to the KPIs given
in Table 4-4. An Entity-Relationship (E-R) diagram is a graphic tool to support the design of database
systems [40]. In Figure 5-2 an E-R diagram is given to show the final database with additions. The ERP
table is used to make additional Helper Variables, given in green, these are calculations done in
Excel to create pivot tables that serve as a basis for the KPIs. Five additional pivot tables have been
constructed with Helper Variables, Capacity Utilization, Monthly Deliveries, Customers, Total
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Weight and Total Delivery Time see Figure 5-2. Moreover, a Costs table is added taken from Section
2.2. Finally, the measured truck data tables from the supplier are integrated into one table for all four

trucks with the same data variables see Figure 5-2.

TotalDeliveryTime

Figure 5-2: ER-diagram of the final database

To conclude the ‘Data Preparation’ Chapter Figure 5-2 shows all the resulting tables that have been
prepared for the ‘Modelling’ Chapter 6. In this Chapter, the final database will be used to fill the KPls

ERP CapacityUtilization | Costs | Suppliers
Driver|D Driver|D Driver|D Driver|D
TR Nr DeliveryDate CapitalCosts Month
DeliveryDate CapacityUtilizationPerUniqueDelivery MaintenanceCosts TotalDistance
TypeDeliverable ConstructionDate TotalTime
DeliveryTime MonthlyDeliveries ResidualValue StationaryTime
NrDeliverables DriverlD BrakeDistance
DeliverableWeight DeliveryDate TotalFuelConsumption
CustomerCount UniqueDelivery Customers FuelConsumptionStationary
EquivalentPallets DriverlD COz-emission
TotalWeight DeliveryDate Roll out
UniqueDelivery TotalWeight CustomerCount Cruise-control time
TotalPalletsPerUniqueDelivery DriverlD
CapacityUtilization DeliveryDate
CapacityUtilizationPerUnigqueDelivery TotalWeight TotalDeliveryTime |
MinDeliveryTime DriverlD Identifiers
MaxDeliveryTime DeliveryDate .

DataVariables

ActualDeliveryTime TotalDeliveryTime

HelperVariables

from Table 4-4 with the data accordingly to then create a dashboard with the KPIs.
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6. Modelling — Draft Dashboard

The data will be analyzed through the KPls and the KPIs will be used to create a data visualization
through a draft dashboard. To offer a data visualization that is useful to Company X, the research
question “What aspects are important to Company X when creating a draft dashboard?”, is
answered.

First, to consider the research question “What aspects are important to Company X when creating a
draft dashboard?”, a small list of mentioned requirements or interests by the Supply Chain Manager
is given:

o Draft Dashboard in Excel is sufficient as a deliverable for the research.

e The Supply Chain Manager is interested in the Capacity Utilization KPI.

e The Supply Chain Manager is interested in delivery performance and driving performance
related KPls.

e Company X values an environmentally friendly status.

e The Supply Chain Manager is interested in the cost performances of the trucks individually,
the suppliers and the fleet as a whole.

Based on these requirements, a draft dashboard is made in Excel. The KPls are separated across two
dashboards, the Driver Performance Dashboard, focusing on the driving performance and delivery
performance and the Fleet Performance Dashboard, focusing on the supplier performance, the
truck performance and the fleet performance. No design requirements were given, however, the aim
is to offer dashboards that quickly give intel to the Supply Chain Manager to support decisions and
see the consequences of decisions.

Since the Supply Chain Manager showed interest in seeing the delivery performances over a longer
period, in Figure 6-1 the Driver Performance Dashboard, the operational Internal Business KPIs that
relate to the delivery performances have been included in the form of bar charts and line charts. With
this, the Supply Chain Manager can vastly see the development of the operational KPIs considering
the truck drivers. The other truck driver-related values have been given in a static value format. With
this, the Supply Chain manager also gets clear indicators on which truck drivers are performing
better. In the middle, the strategic KPI Driver Performance is shown to instantly get an idea of the
truck driver with the best driving performance based on the monthly averages. From there on the
Supply Chain Manager can look into the percentage below to see the difference in the tactical KPls
to find the basis of the difference in driving performance. The charts all offer a timeline slider to
increase the interactivity of the dashboard for the Supply Chain Manager. With the sliders, all charts
can be shown in terms of months, quarters and years.

In Figure 6-2, the Capacity Utilization KPI is included in the center of the dashboard in the form of a
bar chartto be able to see the values quickly. The verticle axis is set up to go from 0 to 1 to easily see
the capacity left in the truck. Moreover, a timeline slider is included so that the Supply Chain
Manager can see the Capacity Utilization in months, quarters and years. Above the Capacity
Utilization chart, 4 KPIs are given that relate to the Innovation and Learning Perspective. These
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values can offer quick updates on the Average fleet age, Average lifetime kilometers and show
Company X how their fleet is performing in terms of lost fuel costs and emissions to consider the
environmental importance of Company X. The left section is the Financial Perspective and the right
section is the Stakeholder (suppliers) Perspective. For both of these sections, the strategic KPIs
which are mainly cost-related are placed at the top of the draft dashboard in a slightly bigger size to
ensure that the manager easily sees these KPlIs. Below the first table in the left section, the KPIs
Maintenance frequency, Residual value and Maintenance costs are shown in Figure 6-2 because
with these KPlIs the Supply Chain Manager gets information on the leftover value of the truck and the
quantity of maintenance records and costs after seeing the cost performances beforehand. These
can help to decide whether to invest in a new truck if the cost performances prove to be bad. Finally,
the Total fleet costs and Total maintenance costs of the fleet are given on the bottom left of the draft
dashboard to have additionalinformation on the actual costs of the fleet. The supplier section on the
right gives a table below the main strategic KPIs for additional information to compare the supplier
performances in terms of Monthly fuel consumption, Monthly CO, emission, Total maintenance
costs per supplier and Total maintenance frequency per supplier.

The conclude, the research question of the Modelling Chapter “What aspects are important to
Company X when creating a draft dashboard?” is answered by offering two draft dashboard designs
in Figure 6-1 and Figure 6-2 based on the small selection of requirements. KPIs like Capacity
Utilization that were of interest to the Supply Chain Manager have been included. Moreover,
interactive features have been included to give options to dig deeper into the variables. Finally,
economic, sustainability and cost-related KPIs are included since Company X always aims to
perform well in these aspects.
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Driver Performance Dashboard
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Figure 6-1: Driver Performance Dashboard
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Fleet Performance Dashboard
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Figure 6-2: Fleet Performance Dashboard
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7.Evaluation and Deployment

This Chapter answers the research question “What examples of data-driven suggestions for
decision-making and measurable results can be given?” in Section 7.1 to prove the solution. And in
Section 7.2 the research question “What steps are required for the implementation of the KPIs and
the draft dashboard at Company X?” to give an implementation plan to Company X.

7.1. Evaluation

This Section answers the sub-research question “What examples of data-driven suggestions for
decision-making and measurable results can be given?”.

The idea of answering this research question is by giving examples of data-driven suggestions that
can be made and measurable results that can be shown with the draft dashboard and the KPIs. The
first example can be offered with the Driver Performance KPI in Figure 6-1. The strategic KPI instantly
shows that V2 is performing best with 6 points and M4 is performing the worst with 15 points. M4 has
the worst percentage for every tactical KPl except Braking (%). In the interviews in Section 2.1 the
Mercedes drivers considered their driving methods to be calm and relaxed and wanting to be in
charge. Mainly for M4, this shows since the cruise-control is barely being used with a percentage of
only 11.94% which is extremely low in comparison to the other truck drivers. In the interviews the
Volvo drivers mentioned not minding using the Volvo systems as much as possible, this confirms the
results of the driving performances. Based on this example the Supply Chain Manager can give
points of improvement to M4, like using more cruise-control and letting the car roll out more.

An example of a measurable result with the dashboard in Figure 6-2 can be shown with the strategic
KPI Capacity Utilization. The average Capacity Utilization is around 0.55 and is quite consistent over
time. Here the question arises if this value cannot be higher. After showing this to the Supply Chain
Manager, the reply was that Company X aims to have an average of around 0.75 and considered this
measurable result as valuable to take action to improve this value. The Supply Chain Manager can
introduce new ideas, test them and find new measured results in the draft dashboard to find out
whether these ideas have been effective and adjust accordingly.

Another similar example can be given. The Fleet Performance Dashboard in Figure 6-2 shows that
the fleet has a Monthly CO, emission of 14.8 tons and Monthly Idle fuel costs of €127.78 which is lost
while trucks are stationary and not turning the engine off. These KPIs relate to the environment and
costs which are considered important to Company X. The measures can be tested by introducing
new ideas of driving, changing trucks and loads to see if the values go down or up. By using the tool
to test ideas Company X can find opportunities to reduce these values.

Additional proof can be given to show that the draft dashboard helps in making decisions. Currently,
Company X has the policy of replacing a truck at the age of 5 years, however, this value is not based
on data from the truck's performance. In Figure 6-2 on the left side, M4 has the highest TCO of
€159747.51, the highest Total Cost per Kilometer of €0.73 and an exceptionally high Maintenance
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frequency of 25. Moreover, the TCO exceeds €100000 which is around the price of a new truck based
on the supplier's information. In the costs overview Section 2.2 the age of M4 is 4.39 years. Based
on these values replacing the truck M4 with a new one is suggested even if the truck is not 5 years
old yet. Then, the question could arise from which supplier to buy a truck. The supplier performance
can be evaluated based on the right section in Figure 6-2. Overall, Volvo is performing better.
Mercedes is more expensive in almost every aspect. For instance, the Total Cost per Kilometer of
Mercedes is €1.428 whilst the Total Cost per Kilometer of Volvo is only €1.101. This is a significant
difference considering these costs are incurred for every kilometer driven on average. Other aspects
like the Average Fuel consumption also prove Volvo’s winning side with 23.59 (/km) against 26.09
(Vkm) of Mercedes. Finally, the Monthly CO,emissions of Mercedes are much higher with 697.14
(g/km) against 582.53 (g/km). With these results, the choice can be made to replace the M4 with a
Volvo truck supported by a data-driven basis.

In conclusion, the research question “What examples of data-driven suggestions for decision-
making and measurable results can be given?” is answered with examples like being able to show a
low Capacity Utilization and using the tool to test ideas, or evaluating a truck driver based on the
driving performance KPIs from Figure 6-1, or supporting decisions like replacing M4 and picking
Volvo as a truck supplier because of the better results. These insights have been discussed with the
Supply Chain Manager, and the results mentioned to give a data-driven basis for decisions or see the
consequences of decisions in the results is deemed useful by the Supply Chain Manager to improve
the decision-making. With this the draft dashboard and the KPls are a solution to the action problem
“The Supply Chain Manager struggles at making decisions.” and the core problem “Available data is
notbeing is not being utilized to support decisions” since the available data is now utilized to support
decisions.

7.2. Deployment

This Section answers the sub-research question “What steps are required for the implementation
of the KPIs and the draft dashboard at Company X?”.

At the current stage, the dashboards are only draft dashboards and steps have to be taken to
become of practical use to the Supply Chain Manager and Company X. To visualize an
implementation plan, a roadmap can be used. It provides a clear, structured visual plan that aligns
stakeholders, manages timelines, and ensures focused progress toward achieving the project's
goals [39]. Figure 7-1 shows a roadmap with four phases, the Preparation, the Implementation, the
Rollout and the Review. The deployment starts with the Preparation, the draft dashboards are
made, the KPs are made and a data collection is made, the first step is to transfer these
deliverables to the Supply Chain Manager. This is done at the start of the deployment. The next step
is to transfer the knowledge to the Supply Chain Manager, most of the knowledge can be
transferred through reading the research and additional explanations can be given personally if
necessary.

For the Implementation phase, Company X requires week 1 to week 4 to automate data updates.
Currently, maps are assigned to each data source, however, the exported data needs to be
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manually added each day, week or month to get updated values within the dashboard. A script or
tool to automate the export of data is recommended to reduce manual intervention and errors.
Moreover, the ERP data source has to be improved since it is prone to the signing-off of the truck
drivers. Another step is to test the dashboard functionalities, many of the draft dashboard KPIs
automatically update whenever new data is added to one of the maps, some testing has been
done, however, testing by adding different data sets can help to identify whether the
transformations of the Power Query Editor still work and the data visualization change correctly.
The third and main step for Company X is to transfer the Excel to PowerBIl. The Supply Chain
Manager mentioned using PowerBl for other data analysis-related projects. If the Supply Chain
Manager wishes to transfer the draft dashboards to PowerBl Excel can be used as a blueprint for
the dashboard designs and the KPls.

After the Implementation phase from weeks 1 to 4, the Rollout phase follows from weeks 5 to 6.
During this phase, the resulting dashboard from the Implementation phase is to be deployed to the
user base by having access to the PowerBl. In this case, the Supply Chain Manager will be the main
user but other employees in the supply chain field can be asked to test the dashboard. Step two is
about monitoring and supporting the initial deployment of the dashboard. Support has to be
provided for issues and feedback can be gathered for immediate improvements.

Simultaneously with the Rollout phase, the Review phase starts. This phase is endless and requires
continuous attention. One step of this phase is to continuously evaluate the dashboard based on
the objectives, and questions like “Are all the KPIs still relevant for the transportation
performances?” or “Is the data being presented effectively?” have to be asked. Based on this step,
the next step of planning new enhancements can be made by adding new data sources and
improving KPlIs and visualizations. Ideas are adding order-picking related data sources and routing-
related sources to introduce new performance KPIs for order-pickers like picking performance and
to get more accurate results by including routing KPls. Finally, an update schedule has to be
planned based on the frequency of data updates to ensure the maps and data sources are regularly
being refreshed.
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Figure 7-1: Deployment roadmap for the KPIs and draft dashboards

To review the Deployment Section, the research question “What steps are required for the
implementation of the KPIs and the draft dashboard at Company X?” is answered with the given
steps of the roadmap in Figure 7-1. The Evaluation Section showed that some results and decisions
can be offered. Nevertheless, to make the draft dashboards practical for Company X, main steps
like transferring to PowerBl, automating data exports and improving the data sources are important
to get reliable data-driven KPlIs that can be easily accessed and evaluated.
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8. Conclusion, recommendations and further research

A conclusion of the findings is drawn based on the Chapters and the main research question

“How can Company X create insight into the transportation and order-picking to make data-driven
decisions in the supply chain?”

is answered in Section 8.1. The final recommendations to Company X are given in Section 8.2 and
further research is discussed in Section 8.3.

8.1. Conclusion

In this research, the aim was to answer the main research question “How can Company X create
insight into the transportation and order-picking to make data-driven decisions in the supply chain?”.
This Section will summarize the findings and reflect on the results of each Chapter.

Through the application of the Crisp-DM methodology in the Introduction Chapter, the research
began with a thorough understanding of the business context, including the working methods of
employees and the total costs associated with the trucks. The Business Understanding involved
conducting interviews and analyzing financial data, which provided valuable insights into the varied
practices and costs within the company.

The next step involved identifying available data for transportation and order-picking in the Data
Understanding Chapter. However, due to insufficient data for order-picking, the research focused
solely on transportation. A data set for transportation was identified.

In the KPIs Chapter, a theoretical framework was developed and used to create KPIs relevant to the
transportation sector. The KPls were filtered with a checklist and sorted based on the Three
Hierarchical Levels and the four perspectives of the Balanced Scorecard. A sorted KPI list was
developed.

The Data Preparation Chapter phase was used to prepare and transform the data sets with the Power
Query Editor to fill the KPIs. For some KPIs, additional data variables had to be created to make the
data applicable. A database applicable to the KPIs was created.

During the Modelling Chapter, these KPIs were used with the prepared data to design a draft
dashboard that could serve as a decision-making tool for the supply chain manager. This draft
dashboard, aimed to evaluate supplier performances, truck performances, driver performances and
cost performance to offer support for decision-making and intel on the consequences of decisions.
As aresult, a Driver Performance Dashboard and a Fleet Performance Dashboard have been created.

The research concluded by demonstrating in the Evaluation and Deployment Chapter that the draft
dashboards could give examples of possible evaluations and decisions based on data-driven
arguments and the dashboards could be used to test decisions and adjust decisions based on the
measured results. Finally, a deployment plan was given with a roadmap showing the steps needed
to implement the draft dashboards and KPlIs for practical use at Company X. Now with the use of the
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draft dashboards and the KPls, Company X can improve the decision-making with a data-driven
basis and the available data is utilized to support transportation decisions, addressing the
company’s core problem “Available data is not being utilized to support decisions”. By following
these steps Company X can create insight into transportation answering our main research question
on how to create this insight.

8.2.

Recommendations

This Section will offer direct recommendations drawn from the results of the research. The

recommendations are listed with explanations:

1.

Export ERP data related to the picking performance of order-pickers. In Section 2.1
different picking methods, such as using the reach truck at the end or dividing articles
based on weight/volume were identified. Analyzing data related to picking performance
allows for evaluations of the order-pickers and identifying best practices. Identification of
best practices can help in improving the overall performance of order-pickers.

A data collection has to be introduced where the delivery time starts when departing at
Company X and ends when returning to Company X. The current data collection through
inconsistent signing-off by the truck drivers can include mistakes and decrease validity.
This recommendation provides accurate data on delivery durations, improving the
reliability of KPI delivery performance KPIs.

Switch routes of truck drivers and see how it impacts KPIs in the Driver Performance
Dashboard. This recommendation of changing routes allows for the evaluation of driving
performances on identical and different routes. Besides, the impact of how route changes
affect KPIs can be identified.

Test ideas to increase the Capacity Utilization. In Section 7.1, the Capacity Utilization
was determined to be around 0.55, whilst the Supply Chain Manager expected it to be at
least 0.75. Low Capacity Utilization indicates inefficiencies in truck loading. By testing
ideas, reasons and improvements for the Capacity Utilization can be found

Replace the truck M4 with a new truck from the supplier Volvo based on the cost and
environmental performances shown in the Fleet Performance Dashboard. Based on
Section 7.1, current data shows significant costs in Figure 6-2 by the truck M4 in terms of
Maintenance costs and TCO. The recommendation is to replace the truck to reduce risking
more high Maintenance costs with a new Volvo truck. Volvo has demonstrated better
performance in terms of costs and the environment and is likely to perform better.

Adyvise truck driver M4 on the driving weaknesses based on the driving performance
KPlIs. In Section 7.1 truck driver M4 was identified as the worst-performing driver. By
identifying and addressing driving weaknesses, the driver can improve their driving
behaviour accordingly.

The general recommendation is to use the tool to test ideas, seek improvements and enhance the

tool by improving the data quality and including more extensive KPls.
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8.3. Further Research

This Section will give limitations and explain suggestions for further research to improve and
increase the solutions.

The result of the draft dashboards required some limitations to maintain the scope of the research
and Company X had its limitations. Firstly, the main exclusion from the Data Understanding Chapter
onwards is the order-picking because there was a lack of data from the supplier and Company X. To
extend the research, KPI literature research can be done based on order-picking. Based on these
KPls suggestions of data that should be collected by Company X can be made.

One important limitation to be considered is the identical routes. Since data variables to identify
distances and exact locations were limited and this would require a lot of work, the truck drivers are
considered to drive identical routes within the Netherlands. Aspects like type of road, weather
circumstances, highway usage and so on would complicate the research to an extreme extent. This
does impact the validity of the results. If one truck driver or truck is only driving in residential areas
and the other truck is only driving on highways, results related to fuel consumption and braking can
be influenced. Even so, most of the truck drivers in the interviews answered to have a high variance
in routes which should decrease the impact if all truck drivers drive all kinds of routes. Additional
research can be done to include routing-related KPIs allowing for an even more detailed
performance analysis.

Another limitation is not all vehicles are included. The van is missing the transportation fleet. This
limitation is made because the van only delivers in small packages and is difficult to compare to the
transport trucks. Besides, the van does not have a tachograph like the transport trucks to get
measurable data from the suppliers. This limitation impacts performances related to the fleet as a
whole, but the limitation is not that impactful since the van only contains a very small section of the
fleet. If measurable data becomes available for the van, the fleet can be completed by adding the
van to the scope of the research.

Two final suggestions for improvement can be recommended to Company X. Currently, the draft
dashboard can be refreshed and many variables will be updated. However, a Business Intelligence
tool like Power Bl offers more extensive and automatic options for analytical performance reports.
Therefore, converting the draft dashboard to Power Bl is a suggestion for further research. The
second suggestion is to search for additional KPIs that are considered important in the literature
that are not specifically available to be converted with the existing data, however, these KPlIs can
be based on assumptions and encourage Company X to expand their data collection to gain more
detailed intel on transportation.
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Appendix

|. Systematic literature review — KPI

Systematic literature reviews aim to identify all research addressing a specific question to give a
balanced and unbiased summary of the literature [11]. Through an SLR we can find an unbiased
answer to an important research question. We will conduct the SLR protocol in this Section by going
through the following steps:

1. Definition of knowledge problem

2. Criteria

3. Identification of academic databases

4. Searchterms

5. Search log

6. Conceptual matrix

7. Integration theory (done in Section 4.1 Theoretical framework)

Definition of knowledge problem

The research goal is to create a draft dashboard with the use of KPIs to give insight into the
maintenance costs of the supply chain and the relation to the usage of trucks by the employees. The
main step to give insight will be to find a strategy to write KPIs that are applicable to the company. It
is vital that the KPIs can represent and explain the problem to the manager to help in reducing costs.
Currently, we lack the knowledge to solve this problem of defining useful KPIs. Hence, the research
question to our knowledge problem for the SLRis:

“What frameworks can be used to develop KPIs that evaluate the supply chain within a company?”

Criteria

To start searching for articles we need to make it more specific to avoid many results that are not
applicable to the research. Inclusion and exclusion criteria are introduced to include things the
article should contain and exclude things the article should not contain. If the article does not abide
by the criteria the article can be disregarded. The criteria are in Table 3.

Inclusion criteria Exclusion criteria

Written in English Not peer-reviewed

Articles should offer concepts, models or | Published before the year 2000
frameworks to develop KPIs
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Articles relating to the warehouse Not cited by other articles

Articles relating to logistics Articles about Inventory management

Articles relating to maintenance Articles about Demand planning

Articles relating to order pick trucks or
transport trucks

Table 0-1: Inclusion and Exclusion criteria

Identification of relevant academic databases

To identify relevant academic databases we consider our wish in articles about different sectors.
Therefore we pick multidisciplinary databases. Moreover, we want peer-reviewed articles to
increase the quality of the articles. The two databases that we select are Scopus and Web of Science.
These databases are broad databases and the articles are peer-reviewed. The databases are also
included in the list of relevant databases in the UT library to confirm our selection. Through these two
databases we can find many results in relation to our research question.

Search terms

The search terms have to include the key concepts of our research questions. Key concepts from the
research questions are: KPl, Company, Develop, Framework and supply chain. The key concepts are
ordered from 1 to 5 in the Table 4. Our main goal is to find a KPI framework, so those two are
considered most important. Develop is used to indicate a framework with steps to make KPls. The
relation to the supply chain helps to find something fitting to our research and company is added to
offer a company related framework. In relation to the key concepts we find related terms, narrower
terms and broader terms to support our search. In Table 4, all related search terms linked with the
key concepts are given. The search terms help in finding relevant articles faster and checking their
usefulness.

Key Related terms Narrower terms Broader terms
Concepts
1 | KPI Core indicator, Balanced Scorecard Indicator, performance

indicator, performance

measure,
metrice
2 | Framework Model, methodology | Analytical framework, | Concept, system
conceptual framework
3 | Develop Define, Create Identify, Clarify Evolve, progress
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4 | Supply chain | Warehouse, Supply Chain | Business Operations,
Logistics Optimization, Business Management
Transportation
Management
5 | Company Business Corporation Organization, Industry

Table 0-2: Search terms

Search log

The following Table 5 consists of a search log for the two databases Scopus and Web of Science.

Source Search string Total hits | Remarks

Scopus ( TITLE-ABS-KEY ("key | 29597 These are way too many hits.
performance indicator") OR The search string needs to be
TITLE-ABS-KEY ("performance more narrow.
measure") OR TITLE-ABS-KEY
(kpi) ) AND ( TITLE-ABS-KEY
(framework) OR TITLE-ABS-
KEY (model))

Scopus ( TITLE ("key performance | 390 We reduce the string to the
indicator") OR TITLE titte. The hits decreased
("performance measure") OR greatly. Still, these are too
TITLE (kpi) ) AND ( TITLE many hits, many do not seem
(framework ) OR TITLE helpful, the string needs to
(model)) become more narrow.
( TITLE ("key performance | 56 Adding relation to the supply
indicator") OR TITLE chain and industry help to
("performance measure") OR reduce articles. Some articles
TITLE (kpi) ) AND ( TITLE seem useful, but still a bit too
(framework) OR TITLE many results and some do not
(model) OR TITLE ( approach) seem useful.
AND TITLE-ABS-KEY ("supply
chain") OR TITLE-ABS-KEY
(warehouse) OR TITLE-ABS-
KEY ( maintenance) OR TITLE-
ABS-KEY ( "industrial setting" ) )
( TITLE ("key performance | 30 Setting the title requirement
indicator") OR TITLE for the supply chain related
("performance measure") OR aspects helps to reduce
TITLE (kpi) ) AND ( TITLE articles. Many of the titles
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(framework) OR TITLE
(model) OR TITLE ( approach)
AND TITLE ( "supply chain" ) OR
TITLE (warehouse) OR TITLE
(maintenance) OR TITLE
("industrial setting" ) )

seems useful, the articles are
further evaluated.

Web of Science

(TI=(kpi)OR AB=(kpi)OR
AK=(kpi) AND TI=(framework)

1,665,089

Way too many results, we
need to narrow our search.

TI=(supply chain))

OR AB=(framework) OR
AK=(framework))

Web of Science | (TI=(kpi) OR AK=(kpi) AND | 93,077 We removed the relation to
TI=(framework) OR the abstract, but there are still
AK=(framework)) way too many results.
Web of Science | (TI=(kpi)AND TI=(framework) 19 We removed the relation to
the author keywords, this
helped greatly in reducing the
results. Some results do not
seem useful based on the
title, however, some do seem
useful. These articles will be
further evaluated.
Web of Science | (TlI=(kpi) 0 Adding develop to get more
AND TI=(framework) AND useful hits, resulted in no
TI=(develop)) articles.

Web of Science | (TI=(kpi) 0 We decide that the earlier
AND  Tl=(framework) AND results in Web of Science

should suffice.

Table 0-3: Search log

The search log resulted into multiple results. First, the Table 5 shows 19 hits in the Web of Science
database. We limited the search only to KPI and framework to get these results, a difficulty was to
get more useful articles, the number of articles would quickly decrease to a small number of articles.
After going through the articles we find one useful article for our research question, article [13] in the
bibliography. Secondly, Table 5 shows 30 hits in the Scopus database. For the Scopus database, we
had to add many aspects to find useful results, many of the hits did not fit to our research question,
however, after restricting to the title and adding supply chain related aspects and other terms for the
framework and KPI we managed to get interesting results. Scanning through the 30 hits, we ended
up with 4 interesting articles, article [10], [11], [12] and [14] in the bibliography. The total of 5 articles

are used for the conceptual matrix and integration theory.
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Conceptual matrix

This step compares concepts within the articles relating to our research question. A box is checked

in the Table 6 if the article offers information about the concept.

can give feedback on the KPIs and
give a rating

Concept Explanation [10] | [11] | [12] | [13] | [14]
Systematic literature | Through a SLR KPIs are found in | x X
review to sample KPls other literatures related to the
research.
Survey to sample KPIs Through a questionnaire to the X
stakeholders KPIs are found
related to the research
Balanced Scorecard to | The four perspectives are | x X X X X
sort KPIs based on four | financial, customer/stakeholder,
perspectives internal business process, and
learning and growth.
Three hierarchical levels | Strategical is for long-term, | x X X
(Strategical, tactical, and | tactical for middle-term, and
operational) to sort KPls operational detailed decision-
making.
KPI evaluation based on | Certain criteria’s are given to X X
criteria exclude KPIs are include them
Delhi method rate KPls Through repeated surveys experts | x X

Table 0-4: Conceptual matrix
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10.

11.

12.

13.

14.

15.

Interview thematic analysis

What steps do you need to follow?
When do you find your work easy?
a. Why?
When do you find your work difficult?
a. Why?
b. Do you have ideas on how this could be made easier?
Do you have personal tricks that you use to do things faster?
a. What are they and how do you do it?
Do you ever have problems with the machines?
a. With which machines?
b. What are the problems? How do they arise?
Does your truck function well?
a. Doyou find driving the truck easy or difficult?
e  Why?
What training have you had?
a. What do you think of these trainings?
What kind of orders do you usually handle? (many different items/heavy items)

Are there certain circumstances when you can do your work better or circumstances when you
can do your work less well?

a. Why?
Does it take you a lot of time to find the right items?
a. Why not/why?
b. What would help to improve this quickly?
What do you think of items that have multiple parts?
a. How doyou make this the most simple for yourself?
Is there enough space in the warehouse and are items well organized?
a. Would you organize items differently or what would you change?
Do some items sometimes break quickly?
Do you ever make picking errors?

Additional comments:

Figure 0-1: Order-picker interview questions
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Order-pickers

Codes Themes Frequency
01 02 03 04 05 06
General difficulty of work Easy X X 1 X|xX\X 5
Hard 1
Knowing the items before picking to decide on an order X 3
Challenges of work Determining the criteria to sort the order 3
Busy period 1
Checking the order beforehand X X X X 4
Use the reach truck at the veryendifitis by required
Working methods toreduce |multiple times X 1
order-pickingtime Larger boxes on the bottom and smaller ones on the top X 2
Heavy items on the bottom and lighter items on top X X 4
Stackable items on the bottom X 3
Truck problems Litt'le to no problems X X X X 5
Major problems X 1
Reason of truck problems Pallets in the aisles 3
Truck satisfaction High X X X 6
Difficulty of truck usage Easy X 5
Hard 1
Not recently X 2
Truck repairs Recently, a fast technical department repair X X X 3
Recently, a supplier repair X 1
Blom training for the reach truck, EPT and stacker.
Trainings Internal training for the order-picker. XX X 4
Alltrainings internal X 2
Useful X X X 4
Opinion of Trainings Theory different than practice X 1
Insufficient practice 1
Large and difficult orders X 2
Sort of orders Middle orders X X X 3
Smallorders X 1
Problematic conditions No replgﬁlshment 2
Long waiting time for the reach truck X X 4
Having more items and faster-moving items at the order-
Ideas to decrease order- pick trucks height. X X 2
pickingtime Phone additions (skip items, sort on weight, show city « | x X 3
location)
Time to find items Little, due to experienc? X X X X 4
More, due to less experience X X 2
No problems. X X 3
Multiple parts opinions Description not clear enough X 2
Find the right parts can be difficultif location is messy X X 2
Reading the description carefully X X X 4
Multiple parts fixes Bundling the parts X 2
Indication of number of parts in description 1
Warehouse space Sufficient X X X 6
Warehouse organisation Good X 3
Can be better X X 3
Warehouse organisation Group smallitems by sector X 2
fixes More workstations X 1
Breaking of items Sometimes X X X 6
Pick errors Rar.ely X 4
Atfirst more, now less X X 2

Table 0-5: Order-picker thematic analysis
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1. What steps do you need to go through?
2. When do you find your work easy?
a. Why?
3. When do you find your work difficult?
a. Why?
b. Do you have ideas on how this could be made easier?
4. Do you have personal tricks you use to do things faster?
a. What are these and how do you do it?
5. How would you describe your driving route?
a. Do you often have to drive the same routes?
i. How do you feel about this?
b. Do you often have to brake?
c. Can you often use the highway?
6. How would you describe your driving style?
a. Do you brake hard and accelerate quickly?
b. Do you coast and accelerate slowly?
c. Have you ever received fines?
i. Why?
7. Whatis the reason for your driving style?
8. What problems do you encounter with customers?
a. How does the registration process at the customer go?
b. Do you have to wait long at the customer's location?
c. Do you encounter other types of problems with customers?
9. How long does a stop take on average?
a. Does this vary per customer?
b. Could this have other causes?
10. How long does loading take?
11. How long does unloading take?
12. When is the delivery note signed?
a. Does this vary per customer?
13. What trainings have you received?
a. What do you think of these trainings?
14. Anyrecentrepairs?
15. Are there differences between Volvo and Mercedes?

Additional comments:

Figure 0-2: Truck driver interview questions
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Codes

Themes

Truck drivers

Vi V2 M3 M4

Frequency

General difficulty of work

Easy

X

X

X

X

4

Challenges of work

Special attention customers
Busy

Signing off

Backwards driving

New customers

X

X

Working methods to
decrease delivery time

Knowing the instructions
Knowing the customers
Signing off myself
Bring a hand truck

X X |IX X

Route description

Long distances
Long distances and residential areas
Shortdistances and residentialareas

Route variety

Fairly varied
Little varity

Opinion on high variation

Positive

Brake usage

Notas much
Sometimes
A lot

Highway usage

Long distances
Some shortand long distances
Only short distances

Driving style

Economicaland automatic
Calm and controlled

Reason for driving style

Truck limitations
Speeding limitand relaxed

Fines

More than 10 years ago
4 years ago
In the last three quartes of a year

Frequency of customer
problems

Sometimes
Rarely

Sort of customer problems

Long waiting time
Customer does not accept goods

Waiting time at customer

Waiting queue

No customer present
Delivery to a specific location
New customers

No allowance to unload

X X X [XxX X |Xx

X X X X X [X X |[X

X X X X X

Stop time

Average of 10 minutes
7.5 minutes
12.5 minutes

R R, NWOWNWOWDDBANDDWRIPFEPLPNNNNNRFEPFRARNRPRNDMNRPROIFRPPRNRPRPRPRPDNERPINRLPRPR,ERN

Variation stop time per
customer

High

N

Loading time

20 minutes
30 minutes
45 minutes

Point of sign off

After unloading

After unloading, occasionaly later myself in consultation with the customer
After unloading, occasionaly later myself without consultation

Trainings

Economicaldriving
Volvo training

Opinion on trainings

Useful
Tiring

Repairs

Adblue system
Tail lift
Maintenance

Trailer

BN R NEP OINNENRERNRE

Table 0-6: Truck driver thematic analysis
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KPI Name (green:literature, |I. and Il. Cause-and Effect| IIl. L VI. Research
) A IV. Measurement Criteria V. Useful Results L.
yellow:experts) Relationship of KPI Data Objective
Driver KPI affect
Capacity utilization river atlects « Percentage of total capacity Intel on efficiency [« Supports decisions

Maintenance costs

Time between failures

Fuel consumption
CAPEX

Lifetime kilometers
CO, emission

Total life cycle costs
Age of truck

Idle duration
Fuel costs
Average speed
Average loss cost of fuel
Net difference CO, emissions
Weight per delivery
Average distance travelled
Delivery time per driver
Complete deliveries per supplier

Complete deliveries per driver

Efficiency and Costs (TCO)
Driver KPI affects TCO
Outcome KPI affected by
Maintenance frequency
Driver KPI affects Fuel
costs
Driver KPI affects TCO
Driver KPI affects Cost Per
Kilometer
Outcome KPI affected by
Braking
Outcome KPI affected by
Age of truck
Driver KPI affects TCO
Driver KPI affects Driver
Performance
Outcome KPI affected by
Fuel consumption
Driver KPI affects Fuel
costs
Outcome KPI affected by
Idle duration
Outcome KPI affected by
Average speed
Driver KPI affects Fuel
costs
Driver KPI affects Fuel
costs
Driver KPI affects
Efficiency and Costs
No impact, deliveries are
not done by suppliers
Driver KPI affects
Efficiency and Costs

<

Roll out (%)

Cruise-control (%)

Braking (%)

TCO

TCO (fuelincl.)

Cost per Kilometer

Fleet fuel Cost per Kilometer

Customers per driver
Residual value

Average fleet age

Average lifetime kilometers

Maintenance frequency

Driver Performance

Driver KPI affects Driver
Performance
Driver KPI affects Driver
Performance
Driver KPI affects Driver
Performance
Outcome KPI affected by
Maintenance costs
Outcome KPI affected by
Maintenance costs
Outcome KPI affected by
Lifetime kilometers
Outcome KPI affected by
Lifetime kilometers
Driver KPI affects
Efficiency and Costs
Driver KPI affects TCO
Outcome KPI affected by
Age of truck
Outcome KPI affected by
Lifetime kilometers
Outcome KPI affected by
Braking
Outcome KPI affected by
Roll out

L 4 4 L8 & 4 & & 8 48X &L LR X s

4
v
v
v
v
v
4
v
v
v
v
4
v
4
v
4
v
b
v
4
v
4
v
4
v
4
v

v

o
v
o
v

Total maintenance costs

Time between repairs

Liters per kilometer
Capital cost of truck

Total kilometers driven

Grams per kilometer

Sum all costs over truck's life
Purchase date to current date

Time with engine stationary

Fuel price * kilometers

Distance /time

Idle distance * Fuel price

Net difference between trucks

Kilograms per delivery

Kilometers per month

Time per complete delivery

Not done by suppliers

Complete deliveries per month

Percentage of total kilometers

Percentage of total kilometers

Percentage of total kilometers

All costs minus residual value

TCO with fuelincluded

TCO/ lifetime kilometers

TCO with fuelincluded

(TCO + fuel) / lifetime kilometers
Capital cost minus depreciation

Totalfleetage/4

Total fleet kilometres /4

All maintenance records

Points based on driving KPIs

Intel on costs

Intel on efficiency

Intel on drivers
Intel on costs

Intel on trucks
Intel on trucks

I9¢ Lacks residual value
Intel on trucks

Intel on drivers
Intel on drivers
I Speedis limited
Intel on costs
I9¢ Already covered
Intel on efficiency
I9¢ More a data variable
Intel on driver
3¢ Notby suppliers
Intel on driver
Intel on driver
Intel on driver
Intel on driver
Intel on costs
Intel on costs
Intel on costs
Intel on costs

Intel on driver
Intel on costs

Intel on fleet
Intel on fleet
Intel on trucks

Intel on driver

«/ Supports decisions

+/ Gives information

+/ Supports evaluations|
«/ Supports decisions

«/ Gives information

l«/ Gives information

b4

« Gives information

Not complete

[« Supports evaluations|
+/ Supports evaluations|
3¢  Notapplicable
«/ Givesinformation
P4 No new intel

«/ Givesinformation
P4 Not as KPI

+/ Supports evaluations|
3¢  Notapplicable
+/ Supports evaluations|
+/ Supports evaluations|
+/ Supports evaluations|
+/ Supports evaluations|
«/ Supports decisions
«/ Supports decisions
«/ Supports decisions

«/ Supports decisions

+/ Supports evaluations|
«/ Supports decisions

«/ Gives information
l«/ Gives information
«/ Gives information

+/ Supports evaluations|

Table 0-7: Full KPI checklist evaluation
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Tactical and Operational KPI definitions

Tactical KPIs:

O

Total Maintenance costs = All maintenance costs from maintenance records summed either
per truck or per supplier of trucks.

Total fleet costs = Total maintenance costs and total capital costs of all trucks summed.
Residual value = The truck's current value, based on 15% straight-line depreciation which means
that from the initial price, 15% is depreciated every year. If a truck is 4 years old and 15% of the initial
price (€100000) is €15000, the residual value would be €100000 - (4*€15000)=€40000.

Average Monthly fuel consumption per supplier = The monthly fuel consumption per truck is
found in the suppliers data, the trucks of the same supplier are summed and divided by the
number of trucks per supplier (2).

Roll out (%) = The roll out kilometers per month divided by the total kilometers per month
taken from the suppliers data.

Cruise-control (%) = The cruise-control kilometers per month divided by the total kilometers
per month taken from the suppliers data.

Idle (%) = The stationary time with the engine on, per month divided by the total time per
month taken from the suppliers data.

Braking (%) = The braking kilometers per month divided by the total kilometers per month
taken from the suppliers data.

Average fleet age = The age of all trucks summed, divided by the number of trucks in the fleet
(4).

Average lifetime kilometers = The lifetime kilometers of all trucks summed, divided by the
number of trucks in the fleet (4).

Operational KPls:
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Maintenance frequency = All the maintenance records are counted per truck or supplier.
Average monthly weight per driver = The total weight per complete delivery on average per
month per driver. This can be done with pivot tables of the ERP data.

Average monthly customers per driver = The total customers per complete delivery on
average per month per driver. This can be done with pivot tables of the ERP data.

Average monthly complete deliveries per driver = The average number of complete deliveries
done in a month per driver. This can be done with pivot tables of the ERP data.

Average monthly delivery time per driver = The delivery time between the first customer sign-
off and the final customer sign-off per complete delivery on average per month per driver. This
can be done with pivot tables of the ERP data.

Age of each truck = The current date — the purchase date of a truck. Information is given by
Company X.

Lifetime kilometers of each truck = Total number of kilometers driven by the truck at the
current date. Information can be found on the tachometer in the car.



PDF formatting to Excel

Create a map and add the relevant files. Two maps are made one for each truck with multiple
files for each month of the truck’s performance.

In the data tab on the ribbon, click get data, from file, click map and find the map you want to
use.

It will open a collection of files in the map, click combine and transform data

The Power query editor opens and we go on the data table and unfold the content

Now we apply steps to transform the data, we have a big table with 5 columns and many rows
that can increase based on the number of files in the map. In Table 0-8, column 1 and
column3 are filled attributes and column2 and column4 are filled with the corresponding
values of the attributes. The goal is to have all the attributes in one column and the values in
another column per source.

Source.Name Column1 Column2 Column3 Column4
Source 1 Attribute 1 Value 1 Attribute 2 Value 2
Source 1 Attribute 3 Value 3 Attribute 4 Value 4
Source 2 Attribute 1 Value 1 Attribute 2 Value 2
Source 2 Attribute 3 Value 3 Attribute 4 Value 4

Table 0-8: First query table

We start by filtering empty cells in column2 two remove headers of the pdf with no data and
to remove unusable attributes and values, so we only remove the ‘empty’ cells not cells with
a0.

We change the headers of the columns, Column1 = Attributes 1, Column2 = Data 1, Column
3 = Attributes 2, Column4 = Data 2

We duplicate this table twice and name the first duplication Attributes 1 (Truck 1) and the
second duplication Data 1 (Truck 1)

In Attributes 1, we remove both data columns, we select the Attributes 1 column and the
Attributes 2 column and unpivot the columns which creates two new columns, one column
‘Attribute’ filled with Attributes 1 and Attributes 2 so the previous column names and one
column with the Attribute value filled with the actual different attributes. Finally we add an
index column to create a unique identifier for every source and its attribute and attribute
value. The result table can be seen in Table 0-9.

Index

Source.Name Attribute Attribute Value

Source 1 Attributes 1 Attribute 1
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2 Source 1 Attributes 2 Attribute 2
3 Source 2 Attributes 1 Attribute 1
4 Source 2 Attributes 2 Attribute 2

Table 0-9: Second query table

In Data 1, remove both attribute columns. Then select the Data 1 column and the Data 2
column and unpivot the columns, which creates two new columns, one column ‘Attribute’
filled with Data 1 and Data 2, so the previous columns names and one column with the Data
Value filled with the actual different values. Again we add an index column and change the
‘Data’ name in the ‘Attribute’ column to ‘Attributes’ so this column becomes the same as in
the Attributes 1 table which is necessary for the next step. The structure is shown in Table

0-10.
Index Source.Name Attribute Data Value
1 Source 1 Attributes 1 Value 1
2 Source 1 Attributes 2 Value 2
3 Source 2 Attributes 1 Value 1
4 Source 2 Attributes 2 Value 2

Table 0-10: Third query table

e Now both queries Attributes 1 and Data 1 are merged as new, we select the ‘Index’,

‘Source.Name’ and ‘Attribute’ columns as equal columns and create a new query Result 1
and the ‘Attribute’ and ‘Index’ columns are deleted. The Result 1 structure can be seen in
Table 0-11, now the attributes are allin one column and all the data values are in one column.

Source.Name Attributes Data

Source 1 Attribute 1 Value 1
Source 1 Attribute 2 Value 2
Source 2 Attribute 1 Value 1
Source 2 Attribute 2 Value 2

Table 0-11: Fourth query table

In Result 1, we pivot the Source.Name column and do not aggregate the values. This gives our
the final structure shown in Table 0-12. With this structure, whenever a file is added, an
additional column with the corresponding values of the month for each attributes are added.

Attributes

Source 1 Source 2 Source 3
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Attribute 1 Value 1 Value 1 Value 1
Attribute 2 Value 2 Value 2 Value 2
Attribute 3 Value 3 Value 3 Value 3
Attribute 4 Value 4 Value 4 Value 4

Table 0-12: Fifth query table

o Now we want to pivot the table again to get the Sources as Months in the first column and the
attributes divided over the columns. Pivot without aggregating values and selecting the
Sources creates the final composition of the table. Now whenever, report is added to the map
and row is added to the Table 0-13.

Months Attribute 1 Attribute 1 Attribute 1
Month 1 (Source 1) Value 1 Value 2 Value 3
Month 2 (Source 2) Value 1 Value 2 Value 3
Month 3 (Source 3) Value 1 Value 2 Value 3
Month 4 (Source 4) Value 1 Value 2 Value 3

Table 0-13: Sixth query table

o \We repeat this process and create the same queries for Truck 2 and close & load each query

to its own sheet in the Excel
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