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Abstract
Today’s supply chains have to function in a ever-changing global business environment, defined by strong
competition, shifting consumer habits and short-time deliveries. As a result, companies strive to sufficiently
meet the customers’ demand while being cost-effective. In addition, supply chain complexity has vastly increased
due to the remarkable levels of outsourcing leading to an inflated the degree of uncertainty and risks that
companies have to face. In this context, the optimal design and coordination of all the activities of the supply
chain entities is essential. On the grounds of that need for optimal activity coordination the Optimization of
Outbound Handling and Freight to Customer Operations has been the focus of this research. More specifically,

The main research question of this thesis is the following:

• How can the outbound handling and freight to customer operations efficiency be maximized
?

In order to achieve the optimal coordination of activities companies have to utilize their data to measure
their efficiency and support their decision-making process. However, there is literature gap in the use of real
data when it comes to Outbound Handling and Freight to Customer Operations Optimization problems. This
research will use the real data of a company as a case study and a data-driven model will be developed.
Attention has not either been placed on the suppliers perspective, with the existing models focusing mainly on
the retailer. This is why a case study focusing on a supplier a supply chain like The Kraft Heinz Company
is such an interesting subject and is going to expand the knowledge in the field. It is also interesting that,
with respect to the time span of the decisions to be made, research has tended to focus on Long-term models
like strategic network design and Short-term models like vehicle routing problems, rather than Medium-term
models like ordering policies decisions that affect the truck space utilization and warehouse handling efficiency.
Therefore, this research will focus in deepening the knowledge in this field. Furthermore, despite the width of
literature, there is a lack of research regarding the effect of the supplier’s influence elements such as order size
and frequency has to truckload operations. For this reason, this research focuses on adjusting the Customer
Order Frequency and the Minimum Order Quantity. In the existing literature Activity Based Costing and more
specifically, cost to serve models have been identified to be the ideal way to approach the problem since they
are meant not only to compare customer order patterns but also to analyze the strategic decisions to be applied
per customer when efficiency has to be enhanced and costs to decrease.

Before the cost to serve model development, the logistic system has been described and a data analysis of
the current performance in outbound handling and freight to customer operations of the case study company
has been conducted leading to the identification of the design alternatives. The activities performed and their
associated costs have been identified. Outbound handling includes full pallet picking, layer picking and case
picking activities while freight to customer operations only the shipping from warehouse to customers activity.
The costs vary per third party logistics provider (3pl) and each delivery location is being served by a specific 3pl.
Underlying performance indicators identified from the literature and industrial practices such as the Loading
Factor, the Full Pallet Picking Percentage and the Order Frequency have been used to analyse the data and
evaluate the current performance.The data indicate that the current performance is not optimal with a lot of
inefficiencies being spotted both in the general statistics and the in the detailed analysis of the order patterns of
each customer. The retail Chanel in the Netherlands seems to have the combination of inefficiencies and shipped
volume that makes it more prosperous for potential efficiency improvements. While the order patterns of the
customers verify that a "one size fits all" approach should be avoided indicating different types of inefficiencies
for each customer. The analysis also suggests that the design alternatives to be examined are Minimum order
quantities strategies, with a focus on either the number of pallet places in a truck shipped or on Number of
cases per product ordered, and Order frequency reduction strategies. The KPI of Costs has been selected for
the evaluating the performance of the design alternatives.

After the data analysis, a conceptual model has been created representing the real-life system and a math-
ematical model transforming it into mathematical language with the required assumptions being made. The
model is using the demand for each product in each order at all the ship-to locations throughout the year 2019,
the list with the information regarding which 3pl is serving which ship-to location and the tariffs applied by
each 3pl for each activity to calculate the numbers of full pallets, cases on full layers,cases case-picked and
pallet places and finally the cost to serve each customer. The model has been implemented in Microsoft Excel
and the implementation has been described. Finally, verification has been provided to the model through con-
tinuity tests, degeneracy tests, consistency tests and fault injection and it has been proven that the model is
implemented according to the described specifications and that the implementation accurately represents the
conceptual description.

After the model having been conceptualised, mathematically described, implemented and verified the design
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alternatives have been transformed into eleven alternatives that have been evaluated for each of the case study
company’s customers, through the experiments conducted namely:

1. MOQ=full layers alternative

2. MOQ=full pallets alternative

3. MOQ=The first quartile (Q1) of the number of pallet places of all the orders for each customer alternative

4. MOQ=The median (Q2) of the number of pallet places of all the orders for each customer alternative

5. MOQ=The third quartile (Q3) of the number of pallet places of all the orders for each customer alternative

6. MOQ=Full Truck loads (26 pallet places) alternative

7. Order Frequency= 1 day per week alternative

8. Order Frequency= 2 days per week alternative

9. Order Frequency= 3 days per week alternative

10. Order Frequency= 4 days per week alternative

11. Order Frequency= 5 days per week alternative

The alternatives have been compared with the base case experiment representing the alternative where no
policy is applied and have all been found to lead efficiency improvements for all customers. An exception is
the alternative-delivery location combination in which the demand could not have been satisfied if an MOQ or
a frequency reduction was applied. This is because, for the case study company, demand satisfaction is non-
negotiable and consequently the model assumes that when the demand cannot be satisfied then the alternative
is non applicable and the costs are the same as in the no MOQ implementation. Through an analysis of the
model’s results, the design alternatives have been compared and the ones leading to the lower costs have been
selected for each customer. In that way the model’s selected design alternatives are the ones that lead to
the highest cost savings. However, in reality the actual selection of the alternative to be implemented is the
outcome of the negotiation of the supplier with the retailers. For that reason, the design alternatives leading
to cost savings has also been sorted from the one leading to the highest savings to the ones to leading to the
lowest in order for the supplier to be able to use these alternatives in case of negotiations with the retailer
regarding the changes in the order pattern. In addition, the combination of customers with design alternatives
have been sorted with respect to cost saving opportunity in order for the supplier to prioritise the strategies to
be implemented. In that sense the model both suggest the optimal design alternative and supports the real-life
decision making. Finally, the performance of the design alternatives has been evaluated for clusters of customers
that share specific characteristics regarding the country and the sector they operate in, their yearly demand,
their average order size, their order size variability and their order frequency leading to insights that raise the
level of abstraction.

In the real world the proposed design alternatives were not followed to the letter since the implementation
is dependent on the willingness of the customers to change their order patterns. However, the alternatives
that have been applied could be described as a combination of the ones suggested by the model in some cases,
while in others as not strictly enforced MOQs. The implementation that took place only in the Netherlands
retail channel despite not being the exact model’s suggestion has led to the astonishing efficiency improvements
and cost savings validating the model. It should be highlighted here, as a quantification of the achieved
improvements, that the cost per case for the first and second biggest retailers in the Netherlands has been
reduced by 7% and 19% respectively.

3



Contents
1 Introduction 8

1.1 Supply chains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.2 Supply Chain Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.3 Kraft Heinz -The case study Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.4 Kraft Heinz Supply chain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.5 Kraft Heinz Supply Chain Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1.6 Third party logistics providers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1.7 KH’s Opportunity & Problem formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.8 Main research question and sub-questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.9 Research Methodology and Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2 Literature review 14
2.1 Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.1.1 Outbound Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.1.2 Freight to Customer Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.2 Modeling approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.3 Costs and decision making in logistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.3.1 Activity Based Costing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
2.3.2 Cost to serve models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.4 Conclusion of the review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3 Data analysis 21
3.1 System Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.2 General Customer Statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3.2.1 Pareto Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.3 Order patterns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.3.1 Retail Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.3.2 Food Service Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
3.3.3 Retail Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
3.3.4 Food Service Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.4 Data analysis summary and Opportunity identification . . . . . . . . . . . . . . . . . . . . . . . . 35

4 Cost to serve model 36
4.1 Conceptual model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

4.1.1 Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
4.2 Mathematical model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.2.1 Indices and Sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
4.2.2 Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
4.2.3 Decision variables identification and Cost Function definition . . . . . . . . . . . . . . . . 41
4.2.4 Decision variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
4.2.5 Cost Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.3 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
4.4 Verification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
4.5 Cost to serve Model summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

5 Experiments and Results 48
5.1 Experimental plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
5.2 Analysis of the model’s results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

5.2.1 General Insights (current situation) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
5.2.2 No MOQ alternative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
5.2.3 General Insights (Alternatives) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
5.2.4 MOQ equal to a specific number of pallet places alternatives . . . . . . . . . . . . . . . . 55
5.2.5 Order Frequency equal to a specific number of days per week alternatives . . . . . . . . . 56
5.2.6 MOQ equal to full layers/pallets alternatives . . . . . . . . . . . . . . . . . . . . . . . . . 56

5.3 Evaluation of the design alternatives and model’s proposal per customer . . . . . . . . . . . . . . 57
5.4 Evaluation of the design alternatives per customer type . . . . . . . . . . . . . . . . . . . . . . . 58

5.4.1 Country-Channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4



5.4.2 Demand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
5.4.3 Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
5.4.4 Order Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
5.4.5 Order Size Variability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

5.5 Results summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

6 Real-world implementation performance 66
6.1 Selected strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
6.2 New Order patterns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
6.3 New Cost to serve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
6.4 Comparison with the former situation and with the expected results . . . . . . . . . . . . . . . . 69
6.5 Real-world implementation performance summary . . . . . . . . . . . . . . . . . . . . . . . . . . 69

7 Conclusions & Recommendations for future work 70
7.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
7.2 Recommendations for future work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

Appendix A - Scientific Paper 76

Appendix B - Model implementation in excel 85

Appendix C - Experimental results 90

5



List of Figures
1 Kraft Heinz’s presence in all continents (kraftheinzcompany.com, 2021) . . . . . . . . . . . . . . . 9
2 Kraft Heinz sauces’ 13 formats (kraftheinzcompany.com, 2021) . . . . . . . . . . . . . . . . . . . 9
3 Kraft Heinz Supply chain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4 EUR-pallet 1200mm x 800mm x 144mm (hellaspal.gr, 2021) . . . . . . . . . . . . . . . . . . . . . 15
5 Semi-trailer 2450 mm x 13600 mm x 2450 mm (constanta sp.com, 2021) . . . . . . . . . . . . . . 15
6 A full truck . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
7 Two full block pallets stacked occupying one pallet place . . . . . . . . . . . . . . . . . . . . . . . 16
8 Number of products sharing the same number of cases per pallet . . . . . . . . . . . . . . . . . . 23
9 Regional classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
10 Number of customers per channel in Benelux . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
11 Number of customers per channel in the Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . 24
12 Number of customers per channel in Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
13 Cases delivered per channel in Benelux . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
14 Cases delivered per channel in the Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
15 Cases delivered per channel in Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
16 Customers per Country-Channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
17 Cases per Country-Channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
18 Number of orders per Country-Channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
19 Average loading factor per Country-Channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
20 Full pallet Layer and Case Picking percentages per Country-Channel . . . . . . . . . . . . . . . . 25
21 Pareto principle for cases delivered to KraftHeinz customers . . . . . . . . . . . . . . . . . . . . . 26
22 Efficiency in Retail Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
23 Loading factor in Retail Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
24 Order frequency in Retail Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
25 Picking percentages in Retail Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
26 Efficiency in Food Service Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
27 Loading factor in Food Service Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
28 Order frequency in Food Service Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
29 Picking percentages in Food Service Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
30 Efficiency in Retail Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
31 Loading factor in Retail Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
32 Order frequency in Retail Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
33 Picking percentages in Retail Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
34 Efficiency in Food Service Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
35 Loading factor in Food Service Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
36 Order frequency in Food Service Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
37 Picking percentages in Food Service Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
38 Black box representation of the system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
39 Model representation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
40 Cost of one order . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
41 Total costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
42 Total costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
43 Freight to Customer costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
44 Outbound Handling Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
45 Outbound Handling vs Freight to Customer Costs . . . . . . . . . . . . . . . . . . . . . . . . . . 51
46 Pareto principle for costs of KraftHeinz customers . . . . . . . . . . . . . . . . . . . . . . . . . . 51
47 Cost to serve in Retail Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
48 Cost per case in Retail Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
49 Costs for the MOQ=pp∗l alternatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
50 Costs for the MOQ=full layer/pallet alternatives . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
51 Costs for the frequency reduction alternatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
52 Freight to Customer Costs in Retail Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
53 Freight to Customer Costs in Retail Netherlands for the frequency reduction alternatives . . . . . 56
54 Outbound Handling Costs in Retail Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
55 Cost reduction achieved by each design alternative per group of customers operating in a specific

country and channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

6



56 Cost reduction achieved by each design alternative per group of customers with certain Demand
magnitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

57 Cost reduction achieved by each design alternative per group of customers with certain Order
Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

58 Cost reduction achieved by each design alternative per group of customers with certain Order Size 62
59 Cost reduction per group of customers with certain Order Size Variability . . . . . . . . . . . . . 63
60 Order management tool suggestions regarding Full Pallets . . . . . . . . . . . . . . . . . . . . . . 66
61 Order management tool suggestions regarding Full Trucks . . . . . . . . . . . . . . . . . . . . . . 66
62 Efficiency in Retail Netherlands 2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
63 Cost to serve in Retail Netherlands for the period of January-June 2021 . . . . . . . . . . . . . . 68
64 Cost per case Retail Netherlands for the period of January-June 2021 . . . . . . . . . . . . . . . 68
65 Master data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
66 Order data and calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
67 Tariffs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
68 Location-3pl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
69 Outbound handling costs calculation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
70 Pallet places per location and day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
71 Freight to customer calculation no moq scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
72 Freight to customer summation no moq scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
73 Freight to customer calculation for the moq scenarios . . . . . . . . . . . . . . . . . . . . . . . . . 89
74 Freight to customer calculation for the frequency reduction scenarios . . . . . . . . . . . . . . . . 90
75 Cost to serve in Food Service Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
76 Cost to serve in Retail Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
77 Cost to serve in Food Service Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
78 Freight to Customer Costs in Food Service Netherlands . . . . . . . . . . . . . . . . . . . . . . . 92
79 Freight to Customer Costs in Retail Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
80 Freight to Customer Costs in Food Service Belgium . . . . . . . . . . . . . . . . . . . . . . . . . 93
81 Freight to Customer Costs in Food Service Netherlands with frequency reduction . . . . . . . . . 93
82 Freight to Customer Costs in Retail Belgium with frequency reduction . . . . . . . . . . . . . . . 94
83 Freight to Customer Costs in Food Service Belgium with frequency reduction . . . . . . . . . . . 94
84 Outbound Handling Costs in Food Service Netherlands . . . . . . . . . . . . . . . . . . . . . . . 95
85 Outbound Handling Costs in Retail Belgium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
86 Outbound Handling Costs in Food Service Belgium . . . . . . . . . . . . . . . . . . . . . . . . . 96

List of Tables
1 Report Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2 Picking tariffs of a third party logistics provider . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3 Transportation tariffs of a third party logistics provider . . . . . . . . . . . . . . . . . . . . . . . 22
4 Cost structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
5 Verification tests’ results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
6 Cost savings for the various MOQ= pp∗l alternatives . . . . . . . . . . . . . . . . . . . . . . . . . 54
7 Cost to serve per design alternative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
8 Cost to serve per design alternative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
9 Design alternative prioritisation per customer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
10 Cost per case comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

7



1 Introduction

1.1 Supply chains
Supply chains are traditionally defined as networks of manufacturers, their suppliers, distributors, retailers and
customers.(Soni et al., 2019) Through these networks the acquisition of raw materials ,their transformation
into products and their delivery to the end customers takes place. A supply chain includes all the activities
related to the flow of goods and information(de Souza Henriques, 2019) and aims at the optimal allocation of
the produced goods promoting a competitive strategy.(Soni et al., 2019) This competitive strategy is achieved
by the creation of synergies among the collaborating companies. These synergies make the supply chain as a
system superior to the sum of the companies that compose it.(Vassiliadis and Dounias, 2011)

Today’s supply chains have to function in a ever-changing global business environment, defined by strong
competition, increasing demand for customized products and short-time deliveries. As a result, companies strive
to sufficiently meet the customers’ demand while being cost-effective.(Kuppers et al., 2015) The steep increase
in the demand of tailor-made products and the remarkable levels of outsourcing have induced an all-time high
in supply chain complexity and consequently inflated the degree of uncertainty and risks that companies have
to face(Giannakis and Louis, 2011). In this context, the optimal design and coordination of all the activities of
the supply chain entities is essential.(Garcia and You, 2015)

1.2 Supply Chain Management
In this context, "a supply chain can be defined as a network of autonomous or semi-autonomous business entities
collectively responsible for customer satisfaction with procurement, manufacturing and distribution activities."
(Lu et al., 2012) The cooperation of these entities can be managed by a supply chain management system while
their roles can be modeled as distinct agents.(Plinere and Borisov, 2012) In supply chain management, the
various entities of the supply chain tend to work closer to each other and depend to each other, achieving an
improved coordination of the whole network, creating synergies by coordinating their activities together and
consequently achieving an improved global performance.(Lam, 2019).

1.3 Kraft Heinz -The case study Company
The Kraft Heinz Company will be the source of information and the company where any developed applications
will be implemented. The Kraft Heinz Company (KH) manufactures and makes food and beverage products
including condiments and sauces, cheese and dairy, meals, meats, refreshment beverages, coffee and other
grocery products. KH controls the entire supply chain of their branded products and their main business driver
is sustainability. As presented in the figure below, KH is a multinational company with presence in all continents
and is one of the leading fast moving consumer goods (FMCG) companies in the world. The regional division of
the company includes the United States, Europe-Middle East-Africa, Canada, Asia-Pacific and Latin America.
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Figure 1: Kraft Heinz’s presence in all continents (kraftheinzcompany.com, 2021)

KH provides products for all occasions and its most iconic brands in the Netherlands include Heinz, Kraft,
Honig, Karvan Cevitam, Brinta, De Ruijter, Venz, Wijko, Roosvicee, and Amoy. KH’s products are sold in
relatively low cost to big consumer groups daily, are produced large volumes and commercialized in small
quantities.

1.4 Kraft Heinz Supply chain
KH has a complicated supply network in the Netherlands consisting of 2 factories 4 warehouses and more than
570 delivery locations of Retailers and Food Service providers making the prevention of losses complicated and
challenging. With each product available in various formats, as presented in the figure below, more than 700
different stock keeping units are being sold in the Benelux, increasing the complexity even more.

Figure 2: Kraft Heinz sauces’ 13 formats (kraftheinzcompany.com, 2021)

In order to ensure minimum costs and sustainability under this complexity the company’s logistics operations
have to be based on the appropriate models and algorithms. The Benelux Headquarters of KHC is located in
the Netherlands, and more specifically in Zeist (KHC, 2016). Two of the largest European manufacturing sites
are located in the Netherlands namely plant Elst and plant Utrecht. Elst is a factory located in Gelderland,
which is the primary production facility of Heinz sauces for Western Europe. The other KHC manufacturing
site is in Utrecht, where the production of the various Dutch brands takes place. The most important and
successful Dutch brands are the cordials Karvan Cévitam, Roosvicee, the bread toppings Venz, De Ruijter and
the cereals Brinta.

The product flow, presented in the picture below, is distinguished between Tier-1 movements moving prod-
ucts from production facilities (factories & co-packers) to warehouses and Tier-2 movements moving products
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from warehouses in the logistics network to the customers. The products sourced by plants either owned by
KraftHeinz or by third parties both from inside and outside the Benelux region. The company utilizes mainly
road but also intermodal, rail, sea and air transportation for the Tier-1 movements while almost only road
transportation is used for the Tier-2 movements due to the shorter lead times it can achieve when shipping to
customers. This report will be focusing only on Tier-2 movements.

Figure 3: Kraft Heinz Supply chain

The storage takes place in KraftHeinz owned and operated warehouses, third party logistics dedicated ware-
houses and third party logistics multi-user warehouses in which KraftHeinz shares capacity with other customers.
Warehousing consists of inbound handling, dock-to-stock, storage, replenishment, order picking and outbound
handling of which only outbound handling is of interest to this assignment. Finally, the customers either receive
their orders at their stores or at distribution centers from where they arrange a secondary distribution to the
store themselves. In that way the products reach their consumer. The Tier-2 transportation from the ware-
houses to the retailer is also handled by third party logistics providers (3PL’s) and alongside with the warehouse
services are associated with certain costs.

1.5 Kraft Heinz Supply Chain Management
Since various nodes and links of the supply chain network are outsourced, KraftHeinz Supply Chain Management
focuses on coordination the network via managing the flow of its products from the production facilities to the
customers while ensuring the delivery of the right quantities at the right time. The transportation management
and warehouse management, which are of interest for this report, are the main tools for the aforementioned
coordination. Creating efficient transportation plans for tier-1 and 2 allows to reduce costs, improve service
and increase overall reliability studying how the flow of products could be best organized across the network
while order management and scheduling can further increase the cost savings. The logistics department of Kraft
Heinz apart from increasing the fraction of customer demand that is met through immediate stock availability,
without back-orders or lost sales also focuses on finding logistical supply companies and using them to spin
the web that is the logistical transport network of Kraft Heinz. They have the chief responsibility of keeping
logistics costs as low as possible.

1.6 Third party logistics providers
Nowadays, companies are able to trade internationally, relocate their business processes from one country to
another and have large and complex supply chain networks. This trend has lead the sector of transport and
logistics services to flourish. Many medium or large businesses outsource their logistics services in order to
reduce their operating costs and investment in storage and transportation, mitigate risk, save time and allow
them to focus on their own field of expertise. Companies consisting of professional logisticians that provide
services of inventory management, warehousing, and order fulfillment are called third-party logistics providers
(3PL).(Akter, 2019) Truck volume utilisation affects the 3PL’s operational costs and via their costing system it
affects the logistics costs of the outsourcing company. (Ceia, 2014) Apart from costs truck volume utilisation also
affects the environmental impact of transportation as the number of trucks needed to satisfy demand increases
with inefficient deliveries.(Daudi and Thoben, 2020) The connection of truck utilization on the one hand with
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operational costs affecting the supplier and on the other hand with hazardous gassesWehner (2017) has lead
3PLs to look out for optimization in the field. However, there are some elements that are out of the 3PL’s
reach, such as the customers order quantity and order frequency, that a supplier like KraftHeinz could influence
via its policies.

1.7 KH’s Opportunity & Problem formulation
A large proportion of the supply chain costs is depending on logistics Performance indicators such as the
Drop Size, the Full Pallet Picking Percentage and the Order Frequency of the customers. In the context of
continuous improvement in the Supply Chain Management, KraftHeinz desires to close the gap between the
optimal and actual performance of its customer’s order pattern. The opportunity apart from cost saving can
expand to sustainability since optimized logistics lead to fewer trucks on the roads and consequently to less
CO2 emissions. Furthermore there is an opportunity of improving KraftHeinz relations with its customers via
improved customer service since optimized order patterns can yield benefits to the customers such as fewer out
of stocks, fewer dock scheduling appointments, less inbound workforce etc. The Opportunity can be summarised
as Cost Saving, Sustainability and improved customer relations. Consequently, the Key Performance indicator is
Costs while other KPIs could be the Emissions and the Service Level with the underlying performance indicators
being the drop size, the order frequency and the fill rates.

In order to achieve KraftHeinz’s goal of improving the efficiency of its operations, minimizing the logistic
costs and the CO2 footprint while improving the relations with its customers, KH trucks’ volume has to be fully
utilized. Transportation from the factories to the warehouses is already optimised in Full Truck Loads and Full
pallets leading to substantial cost savings. This observation from practice in KraftHeinz makes the optimization
of the transportation from the warehouse to the retailers distribution centers and intriguing challenge and in
combination with the inspirations from the related literature on the topic it becomes an attractive subject for
this research to focus on.

Consequently, the problem can be stated as follows: The optimal Outbound Handling and Freight to Cus-
tomer Operations require the maximum utilisation of KH trucks’ volume. An optimal Outbound Handling
process would require the elimination of case and layer picking and an optimal Freight to Customer Operation
process would require only Full Truck Loads. The optimization is constrained by the ability of each customer
to order up to a specific volume or monetary value. However the customer’s warehouse capacity and purchasing
power are not the only causes of inefficiencies since the customer’s order performance is frequently way lower
than their own best practice.

1.8 Main research question and sub-questions
Summarizing the problem description, the main research question can now be formulated.

The main research question is the following:

• How can the outbound handling and freight to customer operations efficiency be maximized
?

This will be the main focus of this research. The research question can be sub-divided into the following sub
questions that will help in answering it:

1. How are outbound handling and freight to customer operations problems being addressed and how their
performance is compared in the existing literature?

2. How can the logistic system of outbound handling and freight to customer operations be described, what
is its current performance and what are the identified design alternatives?

3. What should the structure of a model be, in order to compare the outcome of the design alternatives?

4. What are the selected design alternatives of this model?

5. How do the selected design alternatives perform in a real world experiment?
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1.9 Research Methodology and Structure
The approach taken in order to address the aforementioned research questions is presented below.

Initially the problem and objectives have to be defined leading to the formulation of the research question.
Afterwards, a literature study will be conducted on the related warehouse efficiency and truck volume utilization
problems, in order to develop a foundation of knowledge. The next step will be to utilize that knowledge in
order to analyse and describe the problem and its specifications. Subsequently, the various methods to address
the problem will have to be identified in the literature. The research gap will be identified and the methods
and solutions that are aligned with the problem specifications will be selected. Then the current status will
have to be analysed in order for a clear depiction of reality to occur and the current efficiency will have to be
evaluated in order for the opportunities to be spotted. Based on the literature and the current status analysis,
a conceptual model tailored to the problem specifications will be designed and its mathematical counterpart
will be developed and via programming lead to results. The model will be verified, the experiments will be
conducted and the results will then be discussed. For the validation of the results some of the design alternatives
will be applied in the real world and their implementation of the solution will be ensured via the development
of an order management tool and then compared with the model’s results. Finally, the results will be discussed
and conclusions will be drawn.

The report is structured as presented in the table below:

Chapter Contents Questions
Addressed

1 Introduction Problem Statement and Re-
search Questions

-

2 Literature review Background analysis, problem
specifications and method se-
lection

1

3 Data analysis Current performance and op-
portunities

2

4 Cost to serve model Conceptual and mathematical
model, model implementation
and model verification

3

5 Experiments and Results Experimental plan and presen-
tation of results

4

6 Real-world implementation
performance

Real-world experiment and
model validation

5

7 Conclusions & Recommenda-
tions for future work

Discussion of results and rec-
ommendations for future re-
search

-

Table 1: Report Structure

The first chapter gives an introduction to the subject, and presents the research questions to be answered.
The second Chapter focuses on related literature and how it can be utilized to understand the logistic operations,
the activities that they include and the costs they generate. Furthermore the existing methodologies to address
the problem are examined and the ones most suitable for answering the main research question are selected,
answering, in that way, research question one. Hereafter, the focus of the report shifts from enhancing the
knowledge on the subject, to presenting the findings of the research. Chapter three provides an analysis of
the current performance in outbound handling and freight to customer operations while identifying the design
alternatives, with that research question two is being answered. Chapter four provides the answer to research
question three by presenting a conceptual model and its mathematical translation that can be used to compare
the outcome of the possible actions taken from KraftHeinz. In addition, chapter four includes a brief description
of the model implementation in Microsoft excel and the model verification. The experiments conducted and
the recommendations of the model regarding the optimal ordering schedule for each customer,and the design
alternatives evaluation for groups of customers sharing similar characteristics are presented in detail in Chapter
five. The last research question is being addressed in Chapter six, where an order management tool is used to
identify the inefficiencies of the orders in real time and recommending the changes according to the implemented
strategy. The results of the real-world implementation of the alternatives, that the case study company has
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decided to proceed with, are presented and compared with the expected outcome to provide validation to the
model. Finally, in Chapter seven the deducted conclusions are displayed alongside with the recommendations
for future research.
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2 Literature review
In this section the related literature will be reviewed, the concepts that can be utilized will be identified and
the methodology to approach the problem will be selected.

2.1 Processes
In his investigation of ways to increase warehouse efficiency, Karasek (2013) documented an analysis of all the
activities that take place in a warehouse. A similar classification of warehouse activities can be found in Abdoli
and Kara (2016)’s work. These activities, also characterised as "basic processes" by the authors, are:

1. the inbound of products

2. their storage,

3. the retrieval of products

4. shipping products

This master thesis focuses on the optimization of the last 2 processes, picking / retrieval / outbound handling
and the shipping of products or Freight to customer operations.

2.1.1 Outbound Handling

Outbound Handling is the process of handover of shipments between warehousing and Tier 2 transportation.
Zuniga et al. (2015) describes the process of outbound handling as the retrieval of SKUs from their unique
location in the warehouse due to the placement of a customer order. The importance of outbound handling
is highlighted in Liu (2007) and Karasek (2013)’s work, where it stated that 55% of the running expenses in
a warehouse derive from picking related activities. Going further into detail, the costs are split among the
aforementioned activities as follows: transporting products(55%), seeking the product (15%), obtaining the
product from the racks (10%), and administrative formalities (20%). A similar classification can be found in
de Koster et al. (2007)’s research regarding order picking. In Bartholdi and Hackman (2011) work picking
activities are further distinguished with respect to the handled entity’s nature into :

1. Full pallet picking

2. Layer picking

3. Case picking

4. Broken-case (unit) picking

In Karasek (2013)’s article one can also find a distinction of picking into homogeneous and heterogeneous, with
homogeneous referring to picking only Full Pallets and heterogeneous referring to picking specific quantities
and units of various products to create one pallet.This distinction is based on the fact that when the customer
places an order the 3PL picks the full pallets and generates new pallets from the products that are not ordered
in full pallet quantities. In that way it is possible that a pallet can consist of multiple layers of various products
or even of multiple cases of various products. It is also stated that, heterogeneous picking is more common due
to client requirements but also more costly due to the fact that picking smaller units requires more time and
effort from the warehouse personnel. In the case of 3PL’s this results into higher prices when the order requires
heterogeneous picking and in the case of Kraft Heinz this results into higher logistics costs. The labour intensity
of manual order picking is also highlighted by Gebennini et al. (2013) and is also identified as the reason why
these activities have always been moved as downstream in the supply network as possible. In their article they
argue that picking activities can be moved upstream by automating the process.

2.1.2 Freight to Customer Operations

All shipments related to bringing the products from the warehouses to the customers, which could be distribution
centers for retailer or food service customers or even direct-store shipments, are registered under the term
"Freight to Customer Operations". This part of the transportation network is of vital importance to the
business, as its performance in terms of service impacts the customer directly and accounts for the majority of
transportation spend.Karasek (2013) defines "shipping" or Freight to Customer Operations as the activities to
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ensure that the packed consignments will be transported at the correct destination with the correct truck and
will be optimally loaded on it.

The efficiency of the loading of the truck can be measured by the usage of its carrying capacity via a loading
factor/vehicle fill rate/filling rate. This can be translated in percentages of area occupied over area of the deck
or volume occupied over volume of the truck (Akyelken, 2011),(Ni and Wang, 2021) or even weight of the load
over the maximum legal weight(McKinnom.A, 2010). Akyelken (2011) further explains that when the product
is in unitized loads like pallets, the number of units carried over the maximum number of units can be carried.

Kraft Heinz uses two types of pallets namely Euro and Block. Euro pallets have 800mm width and Block
pallets have 1000mm width while both pallets have the same length of 1000mm and height of 144mm.

Figure 4: EUR-pallet 1200mm x 800mm x 144mm (hellaspal.gr, 2021)

While Kraft Heinz’s fleet in continental Europe consists of semi-trailers with 13600mm length, 2450mm
width and 2450mm height. The dimensions of the semi-trailers are presented in figure 5.

Figure 5: Semi-trailer 2450 mm x 13600 mm x 2450 mm (constanta sp.com, 2021)

Furthermore, as depicted in the figure 6 the truck can fit up to two pallets width-wise independently of the
pallet type but the number of pallets it can fit length-wise depends on the pallet type.
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Figure 6: A full truck

When incorporating (Akyelken, 2011)’s observation for unitized loads in KraftHeinz’s case study, the trucks
capacity in terms of number of pallets varies per pallet type between 26 and 33 for Block and Euro pallets
respectively.

Moreover, a combination of the density of the loaded product the height of the loaded cases and the regula-
tions regarding the safe working load for a pallet define if a pallet can be stacked or not. That means that for
specific products 2 full pallets can on top of each other can be occupying only one pallet place in the truck as
presented in the picture below.

Figure 7: Two full block pallets stacked occupying one pallet place

Since the products vary in each order with all possible combinations available, a Euro to Block coefficient
has to be established per product with 1 Euro pallet = 0,8 Block pallet as well as a stack-ability coefficient with
a stack-able pallet = 0,5 non-stack-able. Similarly a coefficient has to be established for the pallets that are not
full but contain only layers or cases this height coefficient can be the percentage of the height of the current
layers or cases over the height of a full pallet.

Based on Gudehus and Kotzab (2012) Chapter "Logistic Units and Master Data" and having the specifica-
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tions of Akyelken (2011) in mind, the loading factor of trucks can be defined as:

η =
number of logistic units contained in an order

number of filling units maximally achievable

or
η =

∑
imFOi

C

where mFOi = cbi csi chi

with
mFOi

being the number of filling units equivalent,
cb the Euro to Block coefficient,
cs the stack-ability coefficient,
ch the height coefficient and
C the load unit capacity

The loading factor values vary between 0 and 1 with 1 being for ordered quantities that are equal to an
integer multiple of a full truck’s capacity. If the order is not equivalent to a full truck then the loading factor’s
value is below 1.

3PL’s have pricing policies, based on truck capacity usage and aimed at providing in order to improve their
truck capacity utilization.(Ilie-Zudor et al., 2014). Motivated by this cost efficiency, suppliers/manufacturers
can deploy policies that will increase truck capacity utilization (Lee and Lee, 2002) (Tsao, 2015).

Gudehus and Kotzab (2012), at the same Chapter of the book that helped in the loading factor defini-
tion, proposes two alternative policies for maximizing the loading factor namely : "Quantity Adjustment" and
"Capacity Adjustment".

"Quantity Adjustment" refers to changing the order quantities into full pallet multiples by either rounding
up or down to the closest full pallet number. This policy is usually applied in Tier-1 transportation between
the sourcing factory and the warehouse. (Gudehus and Kotzab, 2012)In that case full pallets are stored until a
full truck can be loaded and shipped to the warehouse. This is common practice in KraftHeinz. On the other
hand, when referring to Tier-2 transportation this could be translated into applying a Minimum Order Quantity
policy. In that case the retailers are allowed to order only full truck multiples or their orders are automatically
adjusted by adding pallets to be rounded to full truck multiples or orders that do not correspond to a full truck
are delayed until the customer places another order that aggregate to a full truck.(Aliabadi et al., 2019)(Zhu
et al., 2015)(Shen et al., 2019)(Tuncel et al., 2018) This is the area from where potential design alternatives
can arise, the various ways to achieve "Quantity Adjustment" like minimum order quantity and order frequency
limitations and their specifications will be the design alternatives.

"Capacity Adjustment" refers to changing the trucks capacity to be slightly smaller than the average or-
der quantity. This policy requires a high investment since the entire fleet of transporting vehicles has to
change.(Gudehus and Kotzab, 2012) Furthermore, this choice is for the third-party logistics provider to make
and not for KraftHeinz, consequently it is of no interest for this research and will not be used in the search of
design alternative.

2.2 Modeling approach
There is a wide range of models aiming at truckload utilization in the logistics literature.

Mehmann and Teuteberg (2016) investigated the introduction of a "neutral provider of services" in the
supply chain. This provider has a sole purpose the efficiency and sustainability improvements of the entire
network while integrating all involved actors. In other words they propose a Centralized optimization model.
These types of models are unrealistic from a pragmatic point-of-view in the case of supply chains with numerous
companies, since they completely disregard the existence of self-interest of the supply chain parties and their
local objectives while the required information sharing of all the entities is almost impossible to attain in
practice.(Maxim et al., 2019)(Gao and You, 2019)(Prasad et al., 2019)(Giannoccaro, 2018).

Van De Klundert and Otten (2011) have studied the concept of on line freight exchanges among transporta-
tion companies that can accept or reject orders when they have partially filled trucks or empty trucks that
travel after making a delivery.The main limitation of this proposal is that it requires a internet market place for
various 3PLs and a mobile communication technology installed in all their trucks. Consequently, this solution
is not applicable in the current research.

Petersen and Aase (2004), de Koster et al. (2007) and (Baykasollu and Kaplanollu, 2015) have examined
the vehicle routing perspective of picking considering the strategies a picker should follow to minimize its travel
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time when picking an order. The problem they are trying to address is described from a 3PL’s perspective and
only the 3PL is able to apply the solutions they provide.

Abate (2014) has examined how the ratio of the average load to the total vehicle freight capacity is affected
by the traveled distance, the existence of multiple 3PLs, the space capacity of the truck itself. In spite of the
interesting results, the variables that this research examines are either not in the direct influence of the supplier
or determined at design phase of the network.

Üster and Kewcharoenwong (2011) studied the effect of strategic network design in the truck load utilization,
while Thomas and Meller (2015) investigated the impact of a strategic warehouse design configuration on case-
picking activities. Their researches, despite presenting interesting results, falls into a different classification
than this one, with respect to the time span of the decisions to be made. In the current study the network and
warehouses are determined beforehand and it’s design falls out of the scope.

The study conducted by Hubbard (2001) suggests the combination of various orders from various customers
in order to utilize the truck space. In that way, many inefficient orders are combined into an efficient one. This
approach is regarding truck volume utilization from the third party logistics provider’s perspective, in the sense
that the combination of orders with different destinations is in the 3PL’s discretion.

Ab Rahman et al. (2016) developed a vendor-buyer model where the buyer’s order quantity and delivery
frequency are considered via a cost function in the joint, optimal, inventory replenishment decision making
under symmetric information. However real supply chain entities want to maintain their competitive advantage
and their bargaining power or even aiming to better prices and in order to do so they are made reluctant
to make their information equally available to all parties leading to a lower global supply chain performance.
In that way scarcely any supply chain is functioning under information symmetry and consequently only the
asymmetric models are accurately representing reality.(Shen et al., 2019)(Egri and Váncza, 2012).

Another supplier-buyer model was developed byAltintas et al. (2008). In this model a quantity-discount
scheme is offered from the supplier in order to increase the average order size of the buyer increasing the
utilization of the trucks space and thus reducing their transportation costs. This model is examining the
problem from the suppliers perspective but only considers one buyer and one product. Models considering
one-buyer-one supplier are oversimplifying, regarding only the interactions between two entities and focusing on
the "micro-level" of the supply chain, consequently they are not realistic.(Reiß and Buer, 2014)(Montoya-Torres
and Ortiz-Vargas, 2014).Furthermore, multi-product models can capture the essence of real supply chains while
single-product models fail in this aspect. (Stadtler, 2009)(Egri and Váncza, 2012).

2.3 Costs and decision making in logistics
Awareness and manipulation of costs is fundamental in supply chain management.(Kumar and Zander, 2007)
Costs are usually associated with inefficiencies such as not utilized resources and consequently when the effi-
ciency goals are reached costs decrease (Seuring and Goldbach, 2002).Lee and Lee (2002) also highlights the
connection between capacity utilization in distribution and cost efficiency. The same can be said for outbound
handling, since as Coelli, T.J, Rao, D.S.P., Prasada Rao and Battese (2005) highlight, economic efficiency is
the combination of allocative (pricing) and operational efficiency. Furthermore, logistics costs can affect the
total costs of an enterprise in a great degree they should be understood and considered in the decision mak-
ing.(Christopher, 2011) This need for understanding and consideration of costs has lead to the development of
cost accounting tools like Activity Based Costing and Cost to serve models.

2.3.1 Activity Based Costing

Activity Based Costing (ABC) introduced by Kaplan and Cooper, R (1998) is a tool designed initially for
achieving “effective efficiency" in commercial functions. It aims at determining the costs per product based
on all the activities each product requires to be produced and commercialized. However, it has entered the
sphere of logistics as a cost-determination tool providing the costs for each logistical process.(Guerreiro et al.,
2008)(Swanson, 2020) Before ABC, costs per unit were allocated by dividing the total expenses by the total
produced volume. ABC has changed radically the way costs are allocated to products(van Raaij, 2005). Apart
from determining which products have the highest costs ABC improves the understanding of processes (Stapleton
et al., 2004),(Özbayrak et al., 2004) and thus improves the overall decision making and opening the way to
customer cost allocation.(van Raaij, 2005)

2.3.2 Cost to serve models

This customer cost allocation described in the previous paragraph is the focus of Cost to serve models. Activity
Based Costing is based on the principle that each product has certain types and levels of activities related to
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them. Expanding the same observation to customers lead to Cost to serve models(van Raaij, 2005).As Lau (2012)
has observed, companies should not follow "one-size-fits-all" strategies in their distribution but they should
differentiate their supply chain solutions to meet different customer specifications. These unique specifications
are often identified in logistics requirements Collins et al. (2001) and Cost to serve, has the important asset
of identifying the singularities of each customer concerning their order patterns(Christopher, 2011). Cost to
serve is a customer driven Activity Based Costing. Specifically, the main idea behind these models is that
information regarding the order pattern of the customer such as order quantities, order frequencies, specific
dates and specific locations has to be interpreted into costs and then be taken into consideration when decisions
have to be made.(Guerreiro et al., 2008)(Lau, 2012) What makes the cost to serve models ideal for the problem
this thesis comes to answer is, that cost to serve models are meant not only to compare customer order patterns
but also to analyze the strategies to be applied per customer when efficiency has to be enhanced and costs
to decrease.Guerreiro et al. (2008) Furthermore, Cost to serve is ideal for costs deriving from outsourcing
activities(?) like the ones that are handled by third party logistic providers. Finally, Activity Based Costing
and Cost to serve models have been used to drive improvements both in outbound handling (Thomas and
Meller, 2015)(Gebennini et al., 2013) and in freight to customer operations(Lau, 2012).

2.4 Conclusion of the review
Answering research question 1, research has tended to focus on Long-term like strategic network design (with
respect to the time span of the decisions to be made) and Short-term models like vehicle routing problems,
rather than Medium-term models like ordering policies decisions that affect the truck space utilization and
warehouse handling efficiency. Furthermore, many experts have used either on centralized optimization models
or on joint decision making with shared information which is unrealistic. As discussed, in reality information
sharing is partial at the very best with the order quantities being the only exchanged information between
the parties, the 3PL’s price list known only by the supplier and the retailers order frequency deducted from
historical data. Moreover, despite the width of literature, there is a lack of research regarding the effect of
the supplier’s influence elements such as order size and frequency has to truckload operations. These elements
can be manipulated before the engagement of third party logistics providers via order management. The only
paper that addressed this issue considered one supplier and one customer and also one product oversimplifying
the problem. It can also be mentioned here, that the literature also thrives in inventory/replenishment (EOQ)
models that have not been analysed here because they are by principle regarding the problem from the retailers
perspective by trying to minimize the retailers inventory costs. Not only the retailers perspective is already
well studied but it can be argued that the inefficiencies in handling and transportation are playing a much
more important role in the formation of costs than the inefficiencies in inventory especially with regards to fast
moving goods supply chains(Vlist and Broekmeulen, 2006). Furthermore, with respect to the provided proof
of consistency to the intended application, most of the studies use Numerical examples as a demonstration of
the function of model solving some computational experiments, while very few provide case studies where real
data-sets are used leading to a comparison with the "real world". In addition no model has been designed to
address both outbound handling and freight to customer operations problems. The current research will try to
cover the research gap described above by addressing the truck utilization and warehouse handling efficiency
problems from a suppliers perspective. The supplier can lead quantity adjustments by applying policies to the
orders of the retailers. The supplier has knowledge of the retailer’s order patterns and the tariffs applied from the
third party logistics provider. The objective of this research, to utilize the volume capacity of trucks, is aligned
with the loading factor literature and could potentially be described as a maximization of the loading factor.
However, regarding it as a volume-metric problem does not reflect reality because the problem is constrained
by the customer requirements. Consequently, the understanding of the order pattern of KraftHeinz’s customers
is a necessity when answering the research question and providing solutions. Additionally, minimizing the costs
is one of the goals of KraftHeinz that led to the formulation of the business problem this research is trying to
address and a loading factor approach would de-prioritize inefficiencies in picking since they have less impact
in the truck volume than the number of pallets. All things considered, when reviewing the existing literature,
the loading factor is standing out as a concept but in order to be applied to this problem’s specifications it has
to be enhanced by a customer understanding perspective which is the key aspect of cost to serve analysis.

In a nutshell this research will focus on:

1. mid-term level decision making

2. the supplier’s perspective

3. combining outbound handling and freight to customer operations problems
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4. differentiated solutions per customer

5. cost to serve models

Finally, design alternatives can arise from the area of "Quantity Adjustment" strategies. Analysing the data
will help in the specification of these alternatives.
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3 Data analysis
In this section the system will be described and the case study data will be analysed in order for a general
understanding of the current situation in the company to be established. The data that will be analysed have
been extracted by the Enterprise resource planning (ERP) program and regard some specifications about the
customers and their order pattern in 2019. The reason that 2019 data have been selected instead of 2020
data is for the effects of the covid-19 pandemic effects to be disregarded as they don’t fall in the scope of
this research. The customer specifications regard the name of the customer the country where the customer is
located, the distribution channel the customer belongs to, the various distribution centers that the customer
uses and their address. The order pattern regards the order quantities per product and order dates of each
distribution center. The order quantities with the help of data regarding the number of cases per pallet/per
layer can be translated in to Full Pallet Picking, Layer Picking and Case Picking percentages per order as well
as in to Loading Factor per order. Furthermore, the order dates can be transformed into number of orders
per week (order frequency) and the specific weekdays that the customer usually orders can also be extracted.
Finally, the customer specifications data can help in order to create averages per customer.

3.1 System Description
The activities related with Outbound Handling and Freight to Customer operations have already been discussed
in the literature review. What is of interest here is how these activities are taking place in KraftHeinz’s network
and what are the associated tariffs that come with those activities.

With respect to Outbound Handling, in KraftHeinz’s warehouses, only the first 3 types of Bartholdi and
Hackman (2011)’s classification, discussed in the literature, are present with the 3PL’s the picking activities
being partially automated. Full Pallet picking requires the less time and effort from the warehouse personnel,
employees driving their forklift trucks to the storage locations and picking the ordered products. Layer picking
requires the full pallet of the products that are ordered on a layer level to be brought to the Automated layer
picker, there layers of various products are placed on a collection pallet with intermediate pallets in between and
are wrapped with sealing foam to ensure stability. Finally, Case picking is a completely manual process with
the warehouse employees picking the cases with their bare hands placing them on an empty pallet and stacking
the various cases in way that stability is ensured. The labour intensity of each process can also be observed in
the 3PL’s price table.

Tariffs Price unit of measurement

Full Pallet Picking 2,02 € pallet

Layer Picking 0,15 € case

Case Picking 0,2 € case

Table 2: Picking tariffs of a third party logistics provider

With respect to Freight to Customer Operations, as discussed in the literature review these activities focus
on bringing the products from the warehouses to the customers and include all the kinds of shipments to
customers. The activities required are also handled by various 3pls and the tariffs applied to KraftHeinz for the
shipments of its goods to customers is presented in the table below.
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pallet places cost per block pallet place

1 22,94 €

2 18,06 €

3 16,13 €

4 14,69 €

5 14 €

6 13,36 €

7 12,9 €

8 12,33 €

9 12,02 €

10 11,66 €

11 11,35 €

12 11,04 €

13 10,72 €

14 10,41 €

15 10,2 €

16 9,92 €

17 9,73 €

18 9,44 €

19 9,23 €

20 8,93 €

21 8,73 €

22 8,5 €

23 8,28 €

24 8,05 €

25 7,85 €

26 7,71 €

Table 3: Transportation tariffs of a third party logistics provider

Finally, it can be noted here that the connection of the underlying performance indicators and the Key
Performance Indicator has been briefly discussed in the previous chapter. Regarding the loading factor the
price list presented in Table 3 clarifies that the higher the loading factor is the lower the costs are per shipped
pallet and consequently provides a strong motivation for KraftHeinz to increase it. However, with respect
to the Full Pallet Picking, Layer Picking and Case Picking percentages, the price table presented in Table 2
reveals that the unit of measurement used for the picking activities varies per type of activity. Consequently,in
order to understand the price table, one needs to understand that the configuration of number of cases per
pallet depends on the products specifications, packaging and customer requirements and varies widely within
KraftHeinz portfolio. KraftHeinz’s products are packaged into cases and those cases are placed on pallets next
to and on top of each other forming layers up to the point that the stack is still stable and safe for transportation
or up to the point that it can fit the customer storage height limitations. This stack is called a Full Pallet. From
the graph presented below, the aforementioned variety becomes apparent. Among the 708 stock keeping units
sold in the Benelux the cases per pallet are varying between 24 and 600, while the cases per layer are varying
between 4 and 160.The number of products sharing the same configuration is presented in the graph below.
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Figure 8: Number of products sharing the same number of cases per pallet

The price list in combination with the number of cases per pallet provide a strong financial motivation to
KraftHeinz to utilize the volume one pallet can potentially carry. Specifically, KraftHeinz should ship products
on Full Pallets or at least Full Layer multiples whenever shipping FP is not possible while shipping cases should
be avoided.

3.2 General Customer Statistics
Kraft Heinz’s customers can be classified, with respect to the country they are located, into Netherlands,
Belgium and Luxembourg - customers. The graphs presented in figure 9 depict that Kraft Heinz’s presence
is not equal in all three countries with the vast majority of Kraft Heinz’s customers (63,8%) being located in
the Netherlands and the bulk of the shipped volume (90,6%) belonging to Dutch customers. This means that
potential improvements in the Dutch truck utilization correspond to a higher number of cases being shipped
on a full pallet and more trucks being full. The graphs also reveal that both the number of Luxembourgian
customers and the volume delivered to them is negligible in comparison to Netherlands and Belgium.

(a) Number of customers per
country

(b) Cases delivered per country

Figure 9: Regional classification

The company’s customers can further be classified into channels like Retail, Food Service and Export. The
retail channel includes all the supper-markets like Albert Heijn, Jumbo, Plus, Coop, Lidl Detail Result Group
and many more. Food Service channel consists of customers like Burger King,Bidfood, Metro Cash & Carry,
Sligro Food Group etc. while the export channel includes customers like B&S Purchase, Unidex, Groothandel
in Lev. Middel van Tol etc.

The information illustrated in figures 10 and 13 indicates that while the majority of Kraft Heinz’s customers
belong to the Food Service Channel the bulk of the cases are shipped to Supper-markets. As depicted in figures
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10,11,13 and 14, this behaviour is observed both in the Netherlands and in Belgium. This indicates that the
same improvement of in efficiency (loading factor) would have a different impact on absolute values for different
channels.

Figure 10: Number of customers
per channel in Benelux

Figure 11: Number of customers
per channel in the Netherlands

Figure 12: Number of customers
per channel in Belgium

Diving into details, in the Netherlands almost 91% of the volume is shipped to a third of the customers that
belong to the Retail Channel while in Belgium only one fifth of the customers are supper-markets but more
than half of the volume is shipped to them.

Figure 13: Cases delivered per
channel in Benelux

Figure 14: Cases delivered per
channel in the Netherlands

Figure 15: Cases delivered per
channel in Belgium

It can also be deduced from the graphs that both the number of customers and the shipped volume to
the Export Channel is negligible in comparison to Retail and Food Service. With Luxembourg and Export
Netherlands being considered as negligible there only four Country-Channel combinations to examine as depicted
in figure 16.

Figure 16: Customers per
Country-Channel

Figure 17: Cases per
Country-Channel

Figure 18: Number of orders per
Country-Channel

When comparing figure 16 with figure 17, it becomes apparent that there is a high concentration of the
total delivered volume into a small percentage of the customers. More specifically the vast majority (83%)of the
delivered cases are delivered to a small percentage (16%) of customers identified as "NL-Retail". The Following
"NL-Retail", the second highest ratio of delivered volume over number of customers is the one of "BE-Retail"
while "NL-Food service" is third and "BE-Food service" is at the bottom of the list.

Interestingly the same pattern is not observed in customer orders. When comparing figure 17 with figure
18, it can be observed that despite the NL-Retail customers being responsible for 83% of the delivered cases,
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the relative number of deliveries to them is way less (48%). On the other hand, the Number of deliveries to
the rest is considerably higher than their delivered volume. This indicates that a bigger quantity is delivered
to NL-Retail customers with less deliveries. Consequently the deliveries to those customers are probably more
efficient than the rest. The second most efficient order seem to be deriving from the Belgian Retail while Food
Service customers in both countries seem to be having the most inefficient orders.

Figure 19: Average loading factor per Country-Channel

Figure 19 illustrating the average number of pallet places per delivery divided by the trucks capacity also
called average loading factor, verifies the fact that NL-Retail customers have shipments of bigger quantities
being delivered to them and the general pattern observed in figures 17 and 18.

Figure 20: Full pallet Layer and Case Picking percentages per Country-Channel

Figure 20 demonstrates the distribution of the cases that have been ordered on full pallet multiples, on layer
multiples or on nothing of the above per Country and Channel. The graph is revealing that retail customers tend
to order a higher percentage of their quantities in full pallet multiples in comparison to food service customers.
Regarding retailers, the full pallet picking percentages are almost identical for both countries while retailers
in the Netherlands seem to have a slightly better performance in terms of layer picking. On the other hand
food service customers in the Netherlands are ordering less on full pallet and layer multiples than their Belgian
counterparts.
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3.2.1 Pareto Principle

As depicted in figure 21, this concentration of the delivered volume, observed earlier, can also be observed
within the Channels for both countries. As a matter of fact, this concentration is also described in the literature
(Hofmann et al., 2013),(Sabath and Whipple, 2004) as the Pareto principle. This law, also mentioned as
eighty-twenty rule, states that "80% of the dependent variable can be assigned to 20% of the independent
variable"(Hofmann et al., 2013). In this case, the dependent variable corresponds to the cases delivered and the
independent variable corresponds to the customers.

From the graphs presented in figure 21 it becomes apparent that, despite the differences between countries
and channels, in Kraft Heinz’s case, the distribution is even more concentrated than the Pareto principle. More
precisely, for the Retail Channel in the Netherlands the 80% of the volume is delivered to 12% of the customers,
for the Retail Channel in Belgium the same percentage is delivered to 17,5% of the customers, for the Food
Service Channel in the Netherlands it is delivered to 14,3% and for Food Service Channel in Belgium to 11,8%.

(a) Retail Channel Netherlands (b) Retail Channel Belgium

(c) Food Service Channel Netherlands (d) Food Service Channel Belgium

Figure 21: Pareto principle for cases delivered to KraftHeinz customers

The aforementioned concentration indicates that a small improvement in the loading factor of the deliveries
to some customers can have the same impact to the average efficiency as a big improvement in other customers.
Consequently it verifies the selection of a cost to serve approach as well as the need for a more detailed analysis
on a customer level. This analysis is presented in the next subsection and complements the general statistics of
Countries and Channels, that is not enough to describe the current situation.

3.3 Order patterns
This more detailed analysis required is presented below. The top customer’s responsible for 80% of the shipped
volume have been selected from each customer group and the average loading factor for the shipments to them
in 2019 has been calculated. Furthermore again from their order’s data the number of cases that have been
delivered to them on a full pallet over their total delivered cases has lead to their Full Pallet picking percentage.
The analysis of the order patterns of the top customers of each group has been presented here as an example of
the variety of inefficiencies between and even inside the groups, however the analysis is more extensive and has
been done for each individual customer that can be found in the appendix.

3.3.1 Retail Netherlands

The bubble graph presented below indicates the efficiency of the deliveries to each customer as well as the effect
an improvement can have on the average of the customer group. The average loading factor is represented by
the x-axis, the full pallet picking percentage is represented by the y-axis and the number of cases delivered to
each customer is represented by the size of the bubbles. In that sense the further to the top and right the center
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of the customer’s bubble is the higher the efficiency of the deliveries to them is and the bigger the size of the
bubble is the higher the influence of the deliveries to that customer is to the overall efficiency of the customer
group. The overall efficiency can be considered as a weighted average of the efficiency of each customer with
the weight being the size of the bubble. As an analogy one could consider the average efficiency of the customer
group to be the center of gravity with the weight of each bubble being proportional to its size.

From figure 22 one can deduce that both the truck load utilization and the outbound handling efficiency
are quite high in the Dutch Retail channel with all the customers representing the 80% of the shipped volume
having loading factors above 0,64 and their percentage of the cases being shipped on full pallets being above
74%. This is also verified by the fact that, the customer with the highest volume delivered has an average
loading factor of 0,9 and 98,6% of the cases shipped to them are on a full pallet. The second biggest customer in
terms of delivered cases has an even better full pallet picking percentage of 99,36% but a considerably smaller
loading factor (0,71). It can also be noted from the graph that despite the good performance there is still room
for improvement since the optimal performance would require all the customers’ "bubbles" being located at
the upper right corner of the graph. Another good indicator of the improvement potential is the fact that the
proximity of the bubble’s location to the upper right corner does not seem to be proportional to the bubble’s
size. This means that there are customers that despite their delivered volume being higher than other’s, their
loading factor and/or full pallet picking percentage is not. In other words, despite the customer’s delivered
cases being able to justify full truck loads and/or full pallets this is not happening.

Figure 22: Efficiency in Retail Netherlands

Diving into further detail, in figure 23 one can observe that this group of customers has a high percentage
of shipments with loading factors that are between 0,8 and 1. However it can also be observed that most of
the dutch retailers receive a significant percentage of their shipments 80% to 98% full. These shipments are
probably considered to be full truck loads by the customer because of the customer not considering that pallets
can be stacked on top of each other or because the customer did not consider the pallet type of the products
they ordered. These shipments with loading factors between 0,8 and 0,98 show that even for the customers with
the most efficient deliveries there is still room for improvement.
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Figure 23: Loading factor in Retail Netherlands

Turning now to shipment frequency, from the graph presented in figure 24, it can be noted that the number
of shipments per week is high for the Retail Netherlands customer group with the customers receiving shipments
from more than twice a week to almost 7 times a week on average. When comparing figure 24 with the shipped
volume presented in the bubble graph in figure 22 it can be highlighted that the number of shipments is in some
cases are disproportional to the shipped volume indicating inefficient shipments. For example Coopcodis U.A.
is the fifth customer in terms of shipped volume but at the same time it has the highest average of shipments
per week. This fact reveals a potential in frequency reduction that can lead to an improvement in the loading
factor.

Figure 24: Order frequency in Retail Netherlands

Regarding the number of cases that are shipped on Full Pallets, Layers and as individual cases, figure 25
illustrates a good performance in Retail Netherlands with the highest case picking percentage being 0,24%
and the highest layer picking percentage being 25,74%. An interesting fact is that the highest layer picking
percentage is observed in the third customer in terms of shipped volume and not the last one, indicating a clear
potential for improvement of the orders of that customer in that aspect. Furthermore, it is clear from the graph
that for Dutch Retailers whenever a case is not on a full pallet it is usually at least shipped on a layer level.
The percentages of case and layer picking for the two biggest customers are significantly low indicating that
ordering on layer or case level is not important for these customers and consequently they can be eliminated
completely with the appropriate actions are taken from KraftHeinz.
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Figure 25: Picking percentages in Retail Netherlands

3.3.2 Food Service Netherlands

The high number of customers representing the 80% of the delivered volume in the dutch food service channel is
clearly illustrated in figure 26. Apart from that, figure 26 also illustrates a high potential for improvement with
a lot of small size customers that are justifiably located in the bottom left corner of the graph but also some
medium and big size customers that do not seem to belong there. Specifically, the second biggest customer of
the group in terms of delivered cases has only 36% their cases being on full pallets and an average loading factor
of 0,23. Furthermore, the average shipment to the biggest customer of the group is half a truck load with 80%
of the cases being delivered on full pallets. There are however some smaller customers that seem to be ordering
in a more efficient way like the W. Franken Horecagroothandel B.V. in terms of delivered cases that seems to
be ordering only on full pallet multiples and occupies 83% of thee trucks capacity on average. Finally, third
biggest customer has the best average loading factor (0,92) but still their full pallet picking percentage is 64%.

Figure 26: Efficiency in Food Service Netherlands

As illustrated in figure 27 the Food Service channel in the Netherlands has way more inefficient shipments
than its Retail counterpart with most of the customers having the majority of their shipments in trucks that
are up to 20% full. However, there are also some customers like Sligro Food Group Nederland B.V., Admidex
B.V., Burger King and W. Franken Horecagroothandel B.V. that have shipments with loading factors between
0,8 and 0,98 that can easily be transformed into Full truck load shipments with actions take by KraftHeinz.

29



Figure 27: Loading factor in Food Service Netherlands

Regarding the rest of the customers that have most of their shipments in trucks that are up to 40% full,
there is great potential of improvement if these customers consolidate some of their deliveries. As depicted in
figure 28 there are customers like Metro Cash & Carry Nederland B.V., Holland Food Service B.V. and Actifood
B.V. that despite not having the highest number of cases delivered to them have the highest order frequency.

Figure 28: Order frequency in Food Service Netherlands

With respect to the number of cases that are shipped on Full Pallets, Layers and as individual cases, figure
29 shows high case picking percentages for most of the customers in the Dutch Food Service channel, with the
third biggest customer having almost half of their cases being case picked. Figure 29 is also revealing that
certain customers despite not being the biggest in the group have really high full pallet picking percentages.
This indicates that there is potential for the bigger customers to imitate their performance.
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Figure 29: Picking percentages in Food Service Netherlands

3.3.3 Retail Belgium

In the retail channel of Belgium there are only 6 customers responsible for the 80% of the shipped volume.
The customer with the highest shipped volume has an average loading factor of 0,62 and a full pallet picking
percentage of 98% while the customer with the second highest shipped volume seems to have a better pattern
with a loading factor of 0,8 and a full pallet picking percentage of 90%. The percentage of cases being shipped
on a full pallet seem to be high even for the smaller customers while the same cannot be said for the loading
factor.

Figure 30: Efficiency in Retail Belgium

Figure 23 outlines the potential of improvement in the Retail Belgium customer group, with the top 3
customers, in terms of delivered cases, having significant percentages of their deliveries being on trucks with
loading factors that are between 0,8 and 0,98.
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Figure 31: Loading factor in Retail Belgium

The rest of the customers seem to have way less efficient deliveries with a high percentage of their deliveries
being on trucks that are up to 20% full. This fact can also be verified by the frequency of deliveries presented
in figure 32 where one can observe that the first and the last customer of the group in terms of shipped volume
seem to be having a similar number of shipments per week.

Figure 32: Order frequency in Retail Belgium

Regarding the percentages of case picking layer picking and full pallet picking illustrated in figure 25 it can
be observed that the majority of the group has a really good performance in that aspect. Most of the customers
have considerably low case picking percentages below 0,2% with the exeption of Carrefour Belgium NV 2,1%
and Makro N.V. 7%. The vast majority of the group also has relatively low percentages of layer picking with
the same two customers being the exceptions of the group. It is clear that the small percentages of layer picking
in the rest of the customers can be eliminated with a small effort while for the 2 exceptions the same could be
said about case picking.
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Figure 33: Picking percentages in Retail Belgium

3.3.4 Food Service Belgium

Food Service Belgium similarly to Food Service Netherlands has many more customers representing the 80%
of the shipped volume than Retail Belgium. What differs here is that a lot of the customers despite their size
have high full pallet picking percentages unlike their dutch counterparts. Moreover, the room for improvement
is clear also for this group of customers with the biggest customer having almost half truck shipments as their
average and the second biggest having an average loading factor of 0,22.

Figure 34: Efficiency in Food Service Belgium

From a more detailed perspective, figure 35 highlights that also in this group there is a high potential for
more efficient shipments. More specifically, three customers of the group have a relatively high percentage of
shipments with loading factors that are between 0,8 and 0,98 that could be rounded up to full truck shipments.
In addition a high number of inefficient shipments is observed in the customer with the second highest shipped
volume. These shipments seem to be unjustifiable when compared to the loading factor performance of the
third and fourth customer.
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Figure 35: Loading factor in Food Service Belgium

With regards to shipment frequency, a glance in figure 36 reveals that some customers, like Aronde NV,
Makady NV, HGC-Hanos Antwerpen and Langens NV, order frequently regardless their low shipped volume.
These frequent orders are usually also small in volume leading to loading factors below 0,2 as depicted in figure
35. An order frequency redaction for these customers could result in more efficient deliveries. Furthermore the
order frequency of the two biggest customers seems to be way higher than the one of the third one indicating a
potential of frequency reduction and consequent loading factor improvement for these customers as well.

Figure 36: Order frequency in Food Service Belgium

Considering the number of cases that are Full Pallet picked, Layer picked and Case picked presented in figure
37, it is clear that despite the good performance of the majority of the customers in this group there is high
potential of improvement. Particularly the customer with the customer with the highest shipped volume has
more than a quarter of its shipped cases being picked while the second highest has only 3%. Smaller customers
show a deteriorated performance in that aspect which seems to be reasonable with respect to their shipped
volume.
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Figure 37: Picking percentages in Food Service Belgium

3.4 Data analysis summary and Opportunity identification
The system has been described with the activities and connection between the underlying and Key Performance
Indicator identified. Furthermore, the current performance of the logistic system can be summarized by the
general customer statistics and the specific order patterns of the customers.

Summarising the general customer statistics, there is clear evidence (fig. 9) to suggest that the biggest
opportunity for KraftHeinz lies in optimizing its outbound handling and freight to customer operations of the
customers that are located in the Netherlands and more specifically in the Retail channel (fig. 17). However,
this customer group seems to be the one with the most efficient shipments and with the highest full pallet picking
percentages. On the other hand a small improvement in this customer group could significantly affect the overall
efficiency of KraftHeinz’s operations. Moreover, the Pareto principle presented in figure 21 improvements in
certain customers could result in higher overall efficiency than in other customers due to the volume that is
shipped to them. Consequently, the biggest opportunity seems to be located in the customers with the highest
shipped volume.

Summarising the order patterns of the customers, each customer pattern seems to be having certain aspects
that can be improved as well as its own limitations verifying the fact that a "one size fits all" approach should
be avoided in determining the policy to be implemented. It is clear from the bubble graphs presented above,
that in general the way to improve the efficiency of the outbound handling and freight to customer operations is
for the "bubbles"/customers to be moved as close to the upper right corner of the graph as possible. For some
customers this would mean to order only in full truck loads while for others to order a higher number of pallets
in each shipment or reduce their order frequency. For other customers the solution could be to only order on a
full pallet level while for others to order at least on a layer level.

The underlying indicators suggest that, for the change in the order pattern of the customers, KraftHeinz
can select among the following identified design alternatives:

1. Minimum order quantities strategy, in terms of:

(a) Number of pallet places in a truck (loading factor)

(b) Number of cases per product (full pallets/ full layers)

2. Order frequency reduction strategy

In order to support with evidence the decision upon which strategy has to be followed per customer in order
to increase efficiency and reduce costs the resulting KPI’s have to be used. More specifically the Costs have
been selected for the performance validation of the model and the comparison of the current performance with
the performance of the design alternatives. Consequently, a cost to serve model has been developed and is
presented in the next chapter. In this model strategies will be transformed into the design alternatives to be
compared. The model will compare the actual costs with the costs for a alternatives of various minimum order
quantities and various maximum order frequencies per customer.
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4 Cost to serve model
In this section, after acquiring a general understanding of the current situation via the data analysis done
in the previous chapter, a conceptual model will be designed. The conceptual model will help to describe
the system, identify the inputs and outputs of the model and define how its composition should look like for
the designed alternatives to be tested. With the help of the conceptual model the required assumptions and
simplifications can also be identified. After that, a mathematical description will be given to the conceptual
model. Furthermore, the developed mathematical model will be build in Microsoft Excel. Finally, after building
the model, some tests will be run in order tho ensure that the model is correct, providing verification to the
model.

4.1 Conceptual model
The concept of this model is simulating the supply chain by capturing the effect that a strategy can have on the
cost to serve a customer. The model has to reflect the changes in the costs associated with the activities involved
in the outbound handling and freight to customer operations processes, upon the implementation of a strategy.
Consequently, the aim of the model is to allocate supply chain activities and costs to the customers in order to
identify the opportunities for each specific customer and test possible outcomes of changing the service strategies
of these customers in terms of efficiency improvements and cost reduction. For this to happen, initially the
activities and their associated costs have to be identified, then the cost of one order for one customer analysis
has to be carried out and finally the influence of the service strategies has to be identified and introduced in
the cost analysis creating a model.

As discussed earlier, this study focuses on the two main processes of warehousing that are being outsourced,
namely outbound handling and freight to customer operations. The outbound handling process includes the
activities of Full Pallet Picking, Layer Picking and Case Picking, while the freight to customer operations
process only includes the ship;ping activity. Various 3pl providers are involved in these activities leading to
various tariffs being applied. However, the units of measurement associated with the tariffs are the same for all
the involved parties creating an identical cost structure presented in the table below.

Activity unit of measure-
ment

Variable Tariff

Full Pallet Picking pallet fp CPallet

Layer Picking case clp CLayer

Case Picking case ccp CCase

Shipping pallet places pp CShipment(pp)

Table 4: Cost structure

There is one-to-one relationship between the location of customers facilities and the 3pl that will satisfy the
demand in that way when an order is being placed by a customer the Enterprise Resource Planning program
automatically assigns this order to the 3pl that will handle that order. This means that the ship-to location
is defining which 3pl’s tariffs will be applied for all the activities related with orders from that location. In
addition, it can be noted here that the tariff of the Shipping activity does not only depend on the location of
the customers facilities but also depends on the number of pallet places ordered.

With the activities and costs identified and the analysis of costs carried out the next step is to introduce
the strategies that are expected to influence the costs. As discussed in the previous section the strategies are:

1. the customers being able to order only on full pallets (no layer/ case picking)

2. the customers being able to order at least on full layers (no case picking)

3. the customers being able to order above a specific number of pallet places per order

4. the customers being able to order less than a specific number of times per week

It is clear that design alternative 1.b) has already been analysed into 2 separate strategies one for full layers
and one for full pallets. Furthermore, with respect to the design alternative 1.a) regarding the strategy of
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customers being able to order above a specific number of pallet places per order, this specific number has to be
defined per customer. For this purpose 4 sub- alternatives regarding the value of the minimum order quantity
have been created based on the customer’s current performance. These sub- alternative are that the value of
minimum order quantity will be equal to:

1. The first quartile (Q1) of the number of pallet places of all the orders for each customer

2. The median (Q2) of the number of pallet places of all the orders for each customer

3. The third quartile (Q3) of the number of pallet places of all the orders for each customer

4. Full Truck loads (26 pallet places)

The values of the number of pallets for the three first sub- alternatives reflect benchmarking which is a common
practice in the industry. the first, or lower, quartile. The first quartile (Q1) represents the value at which 25% of
the deliveries lie below that value in terms of pallet places, while 75% of the deliveries lie above that value. This
means that setting the minimum order quantity at the first quartile would have the minor impact of influencing
25% of the orders of that customer that happen to have a lower number of pallet places. This sub- alternative
could be ideal for customers that have a low number of pallets ordered but still have inefficiencies that could be
avoided. The median could have a bigger influence in the efficiency of deliveries influencing half of the orders of
that customer. This alternative could be ideal for customers that have a medium number of pallets delivered
to them with some of their deliveries being efficient enough with respect to their size but also some deliveries
being lower in terms of efficiency than their capacity would allow them. The third quartile as a minimum order
quantity can radically change the order pattern of the customer and could be considered as ideal for customers
that have frequent deliveries with low truckload utilization and relatively high total number of pallets delivered
in one year. Finally, the Full Truck load is taken into consideration only for the customers that already have
an exceptional efficiency performance but still have some inefficiencies that could have been avoided.

Moreover, regarding design alternative 2, where customers are able to order less than a specific number of
times per week, this specific number does also have to be defined per customer. For this purpose 5 alternative
sub- alternatives regarding the value of the minimum order quantity have been created. These sub- alternatives
are that the customer will be able to order less or equal to once/twice/thrice/four times/ five times per week.

The purpose of the model is to compare the possible results of those strategies with the actual costs-to-serve
in one year. This means that one of the compared alternatives will be the actual calculation of the costs for the
orders placed in 2019 when no strategy has been applied. Consequently the alternatives that will be compared
by the model are the following:

1. no MOQ design alternative

2. MOQ=full layers design alternative

3. MOQ=full pallets design alternative

4. MOQ= specific number of pallet places (=Q1/Q2/Q3/FTL) design alternative

5. Order Frequency= specific number of days per week (=1/2/3/4/5) design alternative

With all the steps being carried out the conceptual model can now be designed, the system can be modeled
as a black box as presented in figure 38. This description allows for the fundamentals to be illustrated without
focusing on the inner complexities of the system itself. The representation merely depicts the inputs and
outputs of the system, along with the key influences to functional operation and the manners in which the
system efficiency can be monitored.
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Figure 38: Black box representation of the system

The models function can also be described as presented in figure 39.The initial input to the model is the
demand for each product in each order at all the ship-to locations throughout the year 2019. With the help of
the one-to-one relation between 3pl and location, the tariffs applied by each 3pl provider and the master data of
the products, the cost to serve each customer for the no MOQ alternative can be calculated. At the same time
the information regarding the number of full pallets,number of cases on full layers, cases case-picked and pallet
places in each order at all the ship-to locations throughout the year 2019 can be extracted and used for the
formulation of the alternatives. The alternatives are fed back to the system and the cost to serve each customer
is recalculated for every alternative.

Figure 39: Model representation

A better understanding of the model can be acquired looking into the calculation of the total logistic costs
deriving from outbound handling and freight to customer operations related activities for one order of one
customer. The input of the analysis is the demand for each product in the order together with the tariffs
applied by the 3pl parties at each warehouse location as well as the products’ master data like the number of
cases that fit in one pallet for each product. The output of the model is the total cost of outbound handling and
freight to customer operations. In a nutshell, the model transforms the ordered quantities into the number of full
pallets, the number of cases on full layers, the number of cases to be case-picked and the number of pallet places
they occupy in a truck. After this transformation is conducted the aforementioned numbers are multiplied by
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the tariffs associated with each activity to calculate the costs of each order. Finally, the summation of the costs
for all the orders is the final output.

Figure 40: Cost of one order

This analysis will be repeated by the model for every order and every location of the customer’s facilities in
order for the cost to serve of each customer to be calculated.

4.1.1 Assumptions

It is also important here to clarify the assumptions that will have to be made in the formulation of the math-
ematical model. The assumptions both regard the model it self and the various alternatives that have been
created.

Respecting the model:

1. The total demand of one year is considered to be the same for all alternatives.In reality, strategy im-
plementations can alter the demand of a customer. These changes however are out of the scope of this
research.

2. Demand can always be satisfied. The inefficient deliveries due to products being out-of-stock in KraftHeinz’s
warehouse are left out of scope.

3. Returns and delays are not taken into account for the shipment costs calculation. In reality returns and
delays do affect the cost to serve a customer. However returns and delays are not correlated to changes
in ordering policies.

4. There is no combination of deliveries. In reality the 3pl is delivering the inefficient orders of different
customers that are located in the same region ripping the benefits order consolidation. However the
model is regarding the issue from the suppliers perspective so it is assumed that multi-drop routing is not
taking place and consequently orders cannot be combined.

5. The tariffs are represented in this model by constant values. However, the 3pls can negotiate new tariffs
after a certain period of time. This might have significant effects in future cost savings. For example if
the 3pl’s realize that the number of inefficiencies is decreasing they might decide to penalize the remaining
inefficiencies with a higher tariff reducing the cost savings of the supplier.

6. The number of pallet places (ppjl) is rounded up to the closest integer since the associated tariffs are given
per integer number of pallet place occupied in the truck.

Regarding the alternatives:

1. Regarding the MOQ=full pallets alternative, in the number of full pallets calculation, the number of
layered-picked cases is divided by the average number of cases per pallet. In reality, this division is done
separately for each product with the denominator being the specific number of cases per pallet of that
product and not the average. In other words it is assumed that the various layer picked and case picked
cases can be combined onto pallets as if they were one "average" product.
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2. With respect to the MOQ=full layers alternative, in the number of cases layered picked calculation, the
cases that would have been case picked are now assumed to be on full layers. In real life, the customer
would have to increase or reduce the number of cases for these products in each order leading to a slightly
different total number of cases.

3. With regards to the MOQ= pp∗l alternative, an equivalent number of shipments is assumed. In reality the
number of shipments is always an integer and the customer would have ordered either more or less pallets
to meet an MOQ policy in integer number of shipments multiples. However, this would mean a slightly
different demand and since the intention is to compare costs for the same demand and various policies the
equivalent number of shipments is assumed to be a real number.

4. As regards the Order Frequency= 1/n∗ alternative, an equivalent average number of pallet places per
shipment is assumed. This number is assumed to be a real number for maintaining the same demand
in all alternatives. While, in order for the tariff function CShipmentl(ppl) to be calculated the equivalent
average number of pallet places has to be rounded (up or down) to the closest integer.

5. Again respecting the Order Frequency= 1/n∗ alternative, when the total number of pallets cannot be
delivered with the number of shipments allowed by the policy then it is assumed that the alternative
cannot be implemented on this customer and the costs stay the same as in the no MOQ alternative. In
reality if such a policy was to be implemented upon these customers, they would violate the agreement in
periods that the demand would exceed the number of shipments per week allowed with/without a penalty.

6. For all the alternatives the cascading effects are not taken into consideration. For example, in real life,
an implementation of a full pallets minimum order quantity could result in small improvements in the
number of pallet places per order and vise versa. These improvements are not considered by the model
due to the complexity of the required calculations and the limited extend of the cascading effects.

4.2 Mathematical model
The mathematical model presented below intends to specify the conceptual model discussed in the previous
section and consequently illuminate the black box of figure 39.

4.2.1 Indices and Sets

From the conceptual model it is clear that the calculations have to be conducted for all products, all orders and
all the ship-to locations. Consequently, the sets that are of interest are the following:

i for product I = [product1, ..., productm] (1)

j for orders J = [ordernumber1, ..., ordernumbern] (2)

l for ship− to location L = [ship− to1, ..., ship− top] (3)

In the data base of KraftHeinz these sets are represented by identification numbers namely:

1. EPN code for the set of all products

2. ship-to code for the set of all ship-to locations

3. order number for the set of all orders

4.2.2 Parameters

Again from the conceptual model, one can identify the values on which the costs are dependent but are also
considered to be known and constant in the model. These values regard the ordered quantities of the products,
the products’ master data as well as the tariffs applied by the 3pl providers. Consequently, the parameters can
be classified as follows:

1. ordered quantities
dij ordered quantity of product i in order j
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2. product specifications
xi number of cases per pallet for product i
yi number of cases per layer for product i
zi number of layers per pallet for product i
hi full pallet height for product i
Cstackabilityi

stack-ability coefficient for product i
Cpallettypei pallet type coefficient for product i
hmaxlayer = 1800mm maximum height for a layer-picked pallet
hmaxcase = 1050mm maximum height for a case-picked pallet

3. tariffs
CCasel tariff of 3pl serving ship-to location l for the case picking activity of one case
CLayerl tariff of 3pl serving ship-to location l for the layer picking activity of one case
CPalletl tariff of 3pl serving ship-to location l for the pallet picking activity of one pallet
CShipmentl(p) tariff of 3pl serving ship-to location l for the transportation activity of one pallet depending
on the number of pallet places pp in the order

1. ordered quantities
dij ordered quantity of product i in order j

2. product specifications
xi number of cases per pallet for product i
yi number of cases per layer for product i
zi number of layers per pallet for product i
hi full pallet height for product i
Cstackabilityi stackability coefficient for product i
Cpallettypei pallet type coefficient for product i
hmaxlayer = 1800mm maximum height for a layer-picked pallet
hmaxcase = 1050mm maximum height for a case-picked pallet

3. tariffs
CCasel tariff of 3pl serving ship-to location l for the case picking activity of one case
CLayerl tariff of 3pl serving ship-to location l for the layer picking activity of one case
CPalletl tariff of 3pl serving ship-to location l for the pallet picking activity of one pallet
CShipmentl(p) tariff of 3pl serving ship-to location l for the transportation activity of one pallet depending
on the number of pallet places pp in the order

4.2.3 Decision variables identification and Cost Function definition

definitions of variables and the functional relationships
The approach followed to identify the decision variables and define the cost function is analysing the actual

costs, defining the variables they depend on and defining the functional relationships between them. Following
the same logic as in the conceptual model, this can be split into three steps. The first step is the clarification of
the black box presented in figure 40 by expressing the way the various activities induce costs for just one order
in mathematical terms.The second step is to mathematically express how these costs are affected by the possible
changes and identify the decision variables. Finally the cost function can be defined based on the actual costs
calculation and the effect the decision variables have on them.

The three steps for the calculation of the actual cost to serve are presented below.
STEP ONE

Initially the number of full pallets in the order is calculated as the quotient of the Euclidean division between
the ordered quantity (numerator) and the number of cases per pallet for product i (denominator).

fpjl =

m∑
i=1

(dij div xi) (4)
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The remainder of the division are the cases that are going to be layer picked or case picked. The quotient of the
Euclidean division between remainder of the the first division (numerator) and the number of cases per layer
for product i (denominator) gives the number of layers to be picked and when multiplied by cases per layer for
product i it produces the number of cases that will be layer-picked.

clpjl =

m∑
i=1

(((dij mod xi) div yi) ∗ yi (5)

While the remainder of the Euclidean division between remainder of the the first division (numerator) and the
number of cases per layer for product i (denominator) gives the number of cases that will be case-picked.

ccpjl =

m∑
i=1

((dij mod xi) mod yi) (6)

The calculation of the number of pallet places one order occupies in a truck can be split into 3 terms. The first
term regards full pallets and it includes a Euclidean division giving the number of full pallets multiplied by the
stack-ability coefficient, in that way a full pallet of a stackable product is calculated as 0,5 pallet places. The
second term regards full layers the number of full layers per product are calculated by the numerator of the first
fraction and then it is divided by the number of layers this product can have on one full pallet. This percentage
of actual layers over maximum layers is then multiplied by the maximum height this product can have when in
full pallet giving the height of the full layers. Then this height is divided by the maximum height a layer-picked
pallet can have ( hmaxlayer = 1800mm), giving the pallet places occupied by full layers for that product. The
same rational is followed in the third term calculating the pallet places due to case-picked pallets. The number
of case-picked cases is initially divided by the number of case this product can have on a full pallet and then
is multiplied by the height of a full pallet giving the height these cases occupy. Then this height is divided
by the maximum height a case-picked pallet can have ( hmaxcase = 1050mm) giving the pallet places occupied
by case-picked pallets for that product. Finally all the terms are multiplied by the pallet type coefficient, in
that way if product is on a euro pallet then all the terms are multiplied by 0,8. The process is repeated for all
products in that order.

ppjl =

m∑
i=1

((dij div xi)Cstackabilityi+
((dij mod xi) div yi)

zi

hi
hmaxlayer

+
((dij mod xi) mod yi)

xi

hi
hmaxcase

)Cpallettypei

(7)
Finally the cost to serve can be calculated by multiplying the costing units of full pallets, cases on full layers,

cases case-picked and pallet places with their associated tariffs provided by the warehouse that is serving the
ship-to location

cts =

p∑
l=1

n∑
j=1

fpjlCPalletl + clpjlCLayerl + ccpjlCCasek + ppjlCShipmentl(ppjl) (8)

This cost to serve function reflects perfectly the actual costs and is the most accurate calculation of them.
However, it does not consider the various alternatives that have to be considered. In order for the decision
variables to reflect whether a policy has been applied and which one specifically they have to be reformulated
as follows.

STEP TWO
Firstly the number of full pallets has to be calculated per location and not per order since the alternatives do
not include information about the demand per order. Consequently fpjl has to be substituted with FPl the
total number of full pallets at location l in a year. The new decision variable is equal to the summation of
fpjl for all the orders in the case of no MOQ policy being applied and for the policy of ordering only on full
layers. However in the case of the MOQ being ordering only full pallets the new variable changes in order to
include the additional pallets that would have been either layer-picked or case-picked if that policy had not
been applied. This is reflected by the two additional terms in the equation namely

∑n
j=1 clpjl

xl
and

∑n
j=1 ccpjl

xl
.

The first term corresponds to the number of pallets that arise due to the previously layer-picked cases and is
calculated by dividing the number of layered-picked cases with the average number of cases per pallet in that
specific ship-to location. Similarly the second term corresponds to the number of pallets that arise due to the
previously case-picked cases and its calculation is a fraction with the case-picked cases in the numerator and
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the average number of cases per pallet in the denominator

FPl =


∑n

j=1 fpjl for the no MOQ alternative∑n
j=1 fpjl for the MOQ=full layers alternative∑n
j=1 fpjl +

∑n
j=1 clpjl

xl
+

∑n
j=1 ccpjl

xl
for the MOQ=full pallets alternative

(9)

Secondly, the number of cases layer picked per order clpjl has to be substituted withCLPl the total number
of cases layer-picked in a year. The new decision variable is equal to the summation of clpjl for all the orders in
the case of no MOQ policy. However, regarding the policy of ordering only on full layers, a new term has to be
introduced. This new term describes the additional layer picked cases that derive from the the cases that will
not be case-picked. While for the alternative of the MOQ being ordering only full pallets it is clear that CLPl

has to be 0 since no cases will be layer picked.

CLPl =


∑n

j=1 clpjl for the no MOQ alternative∑n
j=1 clpjl +

∑n
j=1 ccpjl for the MOQ=full layers alternative

0 for the MOQ=full pallets alternative
(10)

Furthermore, the number of cases that will be case-picked per order has to be substituted withCLPl the
total number of cases layer-picked in a year. This new variable is equal to the summation of clpjl for all the
orders in the case of no MOQ policy but is equal to zero for the other MOQ alternatives that intend to eliminate
the case-picking activity.

CCPl =


∑n

j=1 ccpjl for the no MOQ alternative
0 for the MOQ=full layers alternative
0 for the MOQ=full pallets alternative

(11)

Finally, with respect to the calculation of the number of pallet places the reformulation of the variable in order
to include the various strategies is more complicated since the associated costs CShipmentl(ppjl) are correlated
with the variable it self ppjl. In order to achieve the reformulation the correlated term has to be included in a
new decision variable. This new variable, namely (Shipment Costs) SCl, in the no MOQ alternative, is equal to
the summation of the number of pallet places per order multiplied by their associated costs for every order in
location l. However, in the case an MOQ is applied, this variable is equal to the aforementioned value only in
the case that the order placed exceeded the MOQ value defined as pp∗l , for the orders that have less pallet places
than pp∗l a new term is introduced. This term is equal to the MOQ defined as pp∗l multiplied by the associated
costs with that MOQ CShipmentl(pp

∗
l ) and the equivalent number of shipments that will be required to satisfy

the demand of the remaining orders n. This number derives from diving the summation of pallet places that are
in orders that do not exceed the MOQ with the MOQ value itself as described in n =

∑n
j=1 ppjl(1−a)

pp∗
l

. In the case
of a Order Frequency Reduction policy being applied, the new variable takes the form of a multiplication among
number of shipments allowed in one year n∗, the equivalent average number of pallet places per shipment for
this frequency reduction ppl and the associated costs this average number of pallet places corresponds to. The
equivalent average number of pallet places is calculated by diving the summation of pallet places to be delivered
due to the demand with the number of shipments allowed in one year n∗ as described in ppl =

∑n
j=1 ppjl

n∗ .

SCl =


∑n

j=1 ppjlCShipmentl(ppjl) for the no MOQ alternative∑n
j=1 ppjlCShipmentl(ppjl)a+ pp∗l nCShipmentl(pp

∗
l ) for the MOQ= pp∗l alternative∑n

j=1 ppjlCShipmentl(ppjl)b+ (1− b)ppln
∗CShipmentl(ppl) for the Order Frequency=

1

n∗
alternative

(12)
Where:

n =

∑n
j=1 ppjl(1− a)

pp∗l

ppl =

∑n
j=1 ppjl

n∗

a =

{
1 pp∗l ≥ ppjl

0 pp∗l < ppjl
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b =

{
1 n∗ ≥ n

0 n∗ < n

STEP THREE
The cost to serve function can now be reformulated to:

cts =

p∑
l=1

FPlCPalletl + CLPlCLayerl + CCPlCCasek + SCl (13)

4.2.4 Decision variables

alternative =



no MOQ alternative
MOQ=full layers alternative
MOQ=full pallets alternative
MOQ= pp∗l
Order Frequency= 1/n∗ alternative

(14)

pp∗l

n∗

4.2.5 Cost Function

cts =

p∑
l=1

FPl(alternative)CPalletl+CLPl(alternative)CLayerl+CCPl(alternative)CCasek+Shipmentcocstsl(alternative)

(15)
It can be noted here that the first three terms of the cost to serve function 15 are related to Outbound

Handling Costs while only the last term is related to Freight to Customer Costs. In addition one can observe
that the cost to serve is calculated per customer, thus in order for the total costs (function 17) to be calculated
an additional set will have to be introduced.

k for customer K = [customer1, ..., customerq] (16)

tc =

q∑
l=1

ctsk (17)

4.3 Implementation
In this subsection a brief description of the model implementation in Microsoft Excel is given, a more detailed
description of the programming can be found in Appendix B (7.2). The implementation takes place in two excel
files with the first one focusing on the transformation of the demand information into the level of activities to
be monitored and the second one focusing on the calculation of the costs for these activities. Consequently, the
first file transforms the ordered quantities into a number of full pallets, cases on full layers, cases case-picked and
number of pallet places in each order, and the second transforms these numbers into costs for every alternative.

Specifically, with respect to the first file, initially, the master data of the products, regarding the EPN
number of the product, the number of cases per pallet/layer, the number of layers per pallet, the stackablility
and the pallet type are extracted from SAP’s display material report and inserted in a spreadsheet. Another
set of data, regarding the demand for each product in each order at all the ship-to locations, are inserted in a
separate spreadsheet of the same book. These data are also extracted from SAP but this time by executing the
sales order report selecting a specific layout in order for the information to be displayed as desired. This report
contains the information, regarding the order number, the customer, the ship-to location, the ordered product
(EPN number) and the ordered quantity, that is needed for the first step of the calculation.

A vertical lookup function is used searching the ordered products’ EPN number in the master data and
returning their full pallet height (hi) , cases per pallet (xi), cases per layer (yi), stackability (Cstackabilityi) and
pallet type coefficient (Cpallettypei) in the columns next to the extracted information. The looked up information
is used to transform the ordered quantity of each product to the exact number of pallets, layers, cases layer
picked and cases picked respectively. Right after that, the calculation of the pallet places of the order takes
place. This calculation is broken up to multiple columns. Initially, the number of full pallets of the product are
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transformed into a number of pallet places multiplying by the stackability and pallet type coefficients. Then, the
number of layers is transformed into a percentage of a full pallet. After that, the product’s Full Pallet Height is
divided by the maximum height a layer-picked pallet can have. The two numbers are then multiplied giving the
layers’ equivalent in pallet places. Afterwards, the number of pallet places the product occupies is calculated by
multiplying the summation of the conversions with the pallet type coefficient. The cases’ equivalent in pallet
places is calculated in a similar way. With all the conversions calculated and summed up it is now clear how
many pallet places a product of an order occupies. The number of pallet places is required for the entire order
so a cumulative is calculated by adding the value of the previous row only if the order number is the same as
in the previous line. Finally, since only the final number of the cumulative is needed this number is singled out
with a help of an if function that recognises if the order number is the same with the one of the next line.

With the fp, clp, ccp , and pp numbers calculated, using the equations eq.4 eq.5 eq.6 and eq.7 respectively, for
every order of every ship-to location of every customer the data are reformulated via pivot tables and extracted
in a different excel book. In this book the calculations of costs are going to take place initially for the no MOQ
alternative but for the other alternatives as well. In the second file the data, regarding the tariffs applied by the
3pl parties (CCasel ,CLayerl ,CPalletl ,CShipmentl(p)) at each warehouse location as well as the one-to-one relation
between location and 3pl serving this location, are inserted in three spreadsheets.

With respect to the outbound handling costs of the calculation, the summarized data of the first file are
copied as a link in one of the spreadsheets. The linked information is used for the calculations that are a simple
multiplication of the cases picked, the layer-picked case and the full pallets with their associated tariffs. Finally,
the costs associated with the Outbound Handling activities are summed up.

For the Full Layers MOQ alternative the costs are recalculated with the Cases on full layers and Cases
picked being multiplied with the layer picking tariff but the full pallet picking costs staying the same. For
the Full Pallets MOQ alternative the costs are reformulated with the previously picked and layer picked cases
are added and divided by the average number of cases per pallet for each ship-to location found by a vertical
lookup function and then multiplied by the full pallet associated tariff. The costs of the previously picked
cases now calculated as full pallets are added to the costs of the Full Pallets that were there before the policy
implementation.

Moving on to the Freight to customer costs calculation, the summarized data of the first file are pasted in
another separate spreadsheet.Then with the help of a vertical lookup function the 3pl serving each location is
identified and returned in alongside the pallet places information. Having that information the costs for each
day can now be looked up in the associated tariff table. The formula doing that is extended for the equivalent
of the number of days of the year. Finally, the costs of all the days are summed.

For the MOQ alternatives initially the quartile values are calculated. Then, the total number of pallet places
shipped in shipments that had less pallet places than the MOQ value are calculated. These pallet places are
divided by the applied MOQ leading to the calculation of the number of shipments needed for the previously
inefficient orders to be shipped with the value of the MOQ. After that the costs for the changed shipments due
to the MOQ can be calculated with a multiplication of the number of changed shipments with the tariff of the
3pl serving the specific location found by a vertical lookup. While the costs of the not changed shipment can be
found with the help of a sumif function summing the costs only if the shipment has a number of pallet places
below the MOQ.

With respect to the frequency reduction alternatives, for the costs to be calculated initially the total number
of pallet places shipped has to be found. The total number of pallet places shipped is found by adding up the
pallet places of the entire year. After that the number of shipments is counted by a countif function neglecting
the empty cells. Finally, the costs are calculated. Only in the case that the number of shipments is above the
one allowed by the frequency policy the calculation proceeds. In the case it is below the allowed number then
the Freight to Customer Costs of the no moq alternative are used. The same goes for the situation that the
volume cannot be shipped by with the allowed number of shipment. For example, for the 1 shipment per week,
this condition is being met if the total pallet places divided by the total number of shipments allowed ,which is
52(as the number of weeks in a year), is not exceeding the maximum number of pallet places in a truck which is
26. In the case that both conditions are being met then the number of pallet places are divided by the number
of allowed shipments calculating the new average pallet places number and the associated tariff depending on
the 3pl is found with the help of a lookup function and multiplied by the number of shipments that will occur.

Finally, in the results tab of the second file the design alternatives with the lowest cost to serve(14) are
presented as the models proposed solution. In addition the other alternative’s results are summarised in various
pivots containing the information in terms of cost to serve (eq.15) and total costs (eq.17).
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4.4 Verification
In this subsection the correctness of the implementation of the mathematical model in Microsoft Excel is tested
providing verification to the model. This requires, apart from debugging the code, examining whether the
output values of the model’s implementation are equal to the ones anticipated. Some of the most common
test runs used for model verification are input checks, seed independence, continuity tests, degeneracy tests,
consistency tests and fault injection, while models can also be verified by comparing some simple test cases with
analytical results.

The verification tests held to verify the model of this report are presented below. It is important to note
here that the data set used is identical for all the tests with apart from the critical parameters that are modified
in each test.

• Continuity test: runs with insignificantly different parameters expecting a insignificant difference in the
output.

1. Initial run to test if the result is logic

2. Increase demand by the equivalent number of cases of one pallet for one random product in one order
of every ship-to location

3. Decrease demand by the equivalent number of cases of one pallet for one random product in one
order of every ship-to location

• Degeneracy test: examining if the model works as expected for extreme cases.

4. Set all ordered quantities at 0

5. Set all tariffs at 0

6. Set outbound handling tariffs at 0

7. Set freight to customer tariffs at 0

8. Set all locations to be served by the 3pl with the highest tariffs

• Consistency checks: evaluating if the model generates similar results for various input values that have
approximately the same effects.

9. mix the shipments of two locations of the same customer(cost to serve the customer should remain
the same)

• Fault injection: investigating if input values that are faulty can be detected by the model.

10. Set demand exceeding 26 pallet places

11. Set cases per pallet of all products to 0

12. Set cases per layer of all products to 0

13. Set layers per pallet of all products to 0

The results of the verification tests can be found in the table presented below. In this table one can find
a description of the tested situation, the anticipated result, the actual result of the model and the outcome of
the test in that order. The outcome of the verification test is considered to be positive when the actual results
match the anticipated ones. The results presented in the table represent the test for only one customer since
the cost to serve is calculated per customer. However the test runs have been repeated for multiple customers
and all of them have been successful.

Description Anticipated result Model’s Result Test OutcomeFreight to Customer Costs Outbound Handling Costs Cost to Serve Freight to Customer Costs Outbound Handling Costs Cost to serve no moq
1. Initial run >0 >0 >0 399.258 € 131.284 € 530.542 € Pass
2. dj new=dj old+d(1ppeqv) >399.258€ >131.284€ >530.542€ 399.265 € 131.294 € 530.559 € Pass
3. dj new=dj old-d(1ppeqv) <399.258€ <131.284€ <530.542€ 399.250 € 131.274 € 530.524 € Pass
4.dij=0 - € - € - € - € - € - € Pass
5.Ccasel=Clayerl=Cpalletl=Cshipmentl(p)=0 - € - € - € - € - € - € Pass
6.Ccasel=Clayerl=Cpalletl=0 =399.258€ - € =399.258€ 399.258 € - € 399.258 € Pass
7. Cshipmentl(p)=0 - € =131.284€ =131.284€ - € 131.284 € 131.284 € Pass
8.Cshipmentl(p)=CshipmentVR(p) >>399.258€ =131.284€ >>530.542€ 467.765 € 131.284 € 599.049 € Pass
9. (dj+dj+1)old=(dj+dj+1)new =399.258€ =131.284€ =530542€ 399.258 € 131.284 € 530.542 € Pass
10.dj–>ppj>26 Error detected Error detected Error detected Error Error Error Pass
11. xi=0 Error detected Error detected Error detected Error Error Error Pass
12. yi=0 Error detected Error detected Error detected Error Error Error Pass
13. zi=0 Error detected Error detected Error detected Error Error Error Pass

Table 5: Verification tests’ results
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4.5 Cost to serve Model summary
Research question three has been answered in this chapter. Specifically, the structure of the model that is
able to evaluate the outcome of the design alternatives has been described both by a conceptual model and a
mathematical model with the required assumptions, the model was implemented and verified. The conceptual
model serves as a precise illustration of the real-life system while the mathematical model serves as a specification
of the concept into mathematical language. The indices and sets, parameters, decision variables and cost
function have been defined. The sets include the products, the ship-to locations and orders while an addition
set of customers is required for the total costs calculation. The parameters include the quantities, the product
specifications and the tariffs while the decision variables are the alternatives to be tested and their specifications.
The cost function is a multiplication of the calculated costing units of full pallets, cases on full layers,cases case-
picked and pallet places depending on the alternative with their associated tariffs. The cost to serve function
(cts) consists of four terms three related with outbound handling activities and one with freight to customer
activities and is calculated separately for each customer. For a total cost calculation all one needs to do is
to add the cost to serve of every customer. Furthermore, the structure of the model has also been described
in the software environment where it has been implemented. Finally, it has been verified that the model is
implemented according to the described specifications and that the implementation accurately represents the
conceptual description.
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5 Experiments and Results
In this section, having verified that the introduced cost-to-serve model has been implemented correctly, the
research can now proceed to the model experimenting step. A summary of all the planned experiments will
be presented defining the experimental plan to be followed and the specifics of each experiment. After that
the results of the experiments are going to be presented and analysed, leading to the evaluation of the design
alternatives, the selection of the design alternatives and consequently to the answer of research question 4.

5.1 Experimental plan
Keeping in mind that the experiments to be executed will have to lead to the answer of research question 4, the
experiments will have to be evaluating each of the design alternatives.

Goal The goal of each experiment is to determine the performance of each design alternative with respect
to the KPI which is costs. The experiments consist of model runs and the runs’ output. The output is
quantifying the performance of the alternative and after conducting a comparative analysis the selection of the
design alternatives per customer can take place. Furthermore, the performance of each design alternative can
be evaluated in various customer groups sharing similar characteristics regarding the country and sector they
operate in, the size of their demand, the frequency and the size of their orders as well as the variability of the
size of their orders.

Input The input for all the experiments is the demand data for each product in each order at all the ship-to
locations throughout the year 2019 with the MOQ or frequency reduction specifications varying per experiment.

The customers are classified as follows and experiments will be held per customer type.

1. Country

(a) Netherlands
(b) Belgium
(c) Luxembourg

2. Channel

(a) Retail
(b) Food Service
(c) Export

3. Demand with respect to the number of cases shipped in a year

(a) Insignificant (≤1000)
(b) Low (≤10000)
(c) Medium (≤100000)
(d) High (≤1000000)
(e) Significantly High (>1000001)

4. Order Frequency with respect to the year’s average number of shipments per week

(a) Very Low (0-1,4)
(b) Low (1,4-2,8)
(c) Medium (2,8-4,2)
(d) High (4,2-5,6)
(e) Significantly High (>5,6)

5. Order Size with respect to the year’s average number of pallet places per shipment

(a) Very Small (0-5,2)
(b) Small (5,2-10,4)
(c) Medium (10,4-15,6)
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(d) High (15,6-20,8)

(e) Significantly High (20,8-26)

6. Order Size Variability with respect to the year’s standard deviation of the number of pallet places per
shipment

(a) Low (≤1)

(b) Medium (≤2)

(c) High (≤4)

(d) Extremely High(>4)

Configuration The configuration regarding the one-to-one relation between 3pl and location, the tariffs
applied by each 3pl provider and the same master data of the products, is fixed for all the experiments. 12
alternative configurations have been used with respect to the strategy applied:

1. no MOQ alternative

2. MOQ=full layers alternative

3. MOQ=full pallets alternative

4. MOQ=

(a) The first quartile (Q1) of the number of pallet places of all the orders for each customer alternative

(b) The median (Q2) of the number of pallet places of all the orders for each customer alternative

(c) The third quartile (Q3) of the number of pallet places of all the orders for each customer alternative

(d) Full Truck loads (26 pallet places) alternative

5. Order Frequency=

(a) 1 day per week alternative

(b) 2 days per week alternative

(c) 3 days per week alternative

(d) 4 days per week alternative

(e) 5 days per week alternative

Consequently 12 experiments 1 base and 11 alternatives have been scheduled per customer and per customer
type.

5.2 Analysis of the model’s results
Initially, the investigation will focus on the "no moq alternative", verifying and improving the understanding
of the current situation acquired in the third chapter. With the help of the model the performance can now be
measured by the introduced KPI of costs. In that way, the data analysis of chapter 3 that used the underlying
indicators of loading factors, shipments per week and picking percentages will be verified and expanded by the
resulting KPI. The costs of the "no moq alternative" will establish the base of comparison with the possible
design alternatives. In order for an improved understanding of the current situation the total costs (eq.17)
will be used and general insights regarding how costs are spread among the countries and the channels, which
activities are inducing more costs for each country and channel and how are the total costs concentrated among
the customers. However, the main focus will be on the cost-to-serve gaining insights 15 regarding the current
performance of for each customer in every group. Then again via the total costs (eq.17) it will be investigated
whether the design alternatives can result in cost reduction for every customer group and whether the stricter
alternatives result in lower costs. Afterwards, each design alternative will be investigated in depth using the
cost-to-serve 15 for each customer in every customer group. Finally, the design alternatives will be evaluated
upon their performance in the resulting KPI. The design alternatives will be sorted from the one resulting to
the lowest costs to the one resulting to the highest costs for every customer and the one with the lowest costs
will be considered to be the model’s selected design alternative. Also, the combinations of customers and design
alternative will further be sorted from the ones resulting to the highest savings to the lowest savings for the
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strategy prioritisation of the case study company. Finally, it is important to note here that the analysis has been
done for each and every customer of the case study company. However, in order to be as concise as possible the
cost-to-serve per customer results are presented only for the customers responsible for the 80% of the shipped
volume in the retail channel of the Netherlands. The results regarding the customers responsible for the 80% of
the shipped volume of the other customer groups can be found in the appendix, while the results regarding the
plethora of smaller customers responsible for 20% of the shipped volume have not been included in the report.

5.2.1 General Insights (current situation)

The base case 1. experiment results are presented here in terms of total costs. The first figure in 41 when
compared with 9 from the third chapter indicates that the percentage of costs related to serving Belgian
customers are higher than the corresponding percentage of number of cases shipped to the same customers.The
opposite is true for the Netherlands.

(a) per country (b) per channel

Figure 41: Total costs

When comparing figure 16 with figure 41, One can see that while NL-Retail customers are responsible for
83% of the delivered cases, the costs induced from handling and transferring those cases amounts only up to
68% of the total. The Belgian Retail customers being responsible for 7,3% of the volume have an almost equal
percentage of the total costs 7%. On the other hand, the Food Service channel while responsible for 9,45% of the
volume shipped they amass a quarter of the costs’ pie. The results presented in 41 and 16, essentially, provide
additional evidence that the most inefficient orders derive from Food Service and the most efficient ones from
NL-Retail. Figure 41 also verifies the observation made in chapter 3 regarding the opportunity being located
at NL-Retail since the majority of the costs are deriving from this Country-Channel.

Figure 42: Total costs
Figure 43: Freight to Customer

costs
Figure 44: Outbound Handling

Costs

More interesting insights can be found in figure 45, where it becomes apparent that the freight to customer
costs outweigh the outbound handling costs in every customer group with the former being higher in Belgium
and the later in the Netherlands. This means that MOQ policies regarding pallet places and the order frequency
policies have a potential to affect a bigger percentage of the costs while the full pallets/full layers MOQ polices
can only affect a smaller percentage of the costs. The potential pallet places and order frequency policies is
higher in both countries but seems to be even higher in Belgium when comparing countries and in Retail when
comparing Chanels.
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Figure 45: Outbound Handling vs Freight to Customer Costs

The pareto principle observed in the delivered cases (fig. 21), can also be observed in figure 46 where the
dependent variable is costs. More precisely, for the Retail Channel in the Netherlands the 80% of the costs
derive from 16% of the customers, for the Retail Channel in Belgium the same percentage is delivered to 26%
of the customers, for the Food Service Channel in the Netherlands it is delivered to 24% and for Food Service
Channel in Belgium to 28%. When compared with figure 21 the graphs reveal that the concentration of the
volume delivered is higher than the concentration of costs indicating a higher a efficiency in the customers with
the highest volume.

(a) Retail Channel Netherlands (b) Retail Channel Belgium

(c) Food Service Channel Netherlands (d) Food Service Channel Belgium

Figure 46: Pareto principle for costs of KraftHeinz customers

5.2.2 No MOQ alternative

The base case 1. experiment results are presented here in terms of cost-to-serve per customer. The graph
presented in figure 47 illustrates information regarding the cost-to-serve per customer for the top customers
representing the 80% of the shipped volume in the Retail Chanel of the Netherlands. It can be seen that the
values of the cost to serve span between more half a million and 60 thousands. In addition, one can note that
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among those customers the top 2 are responsible for more than half of their costs with a substantial difference
in the cost to serve those two and the cost to serve of any other customer in the group. Moreover, it is clear
from the graph that the majority of the costs are induced from the freight to customer activities for all the
customers and in that sense the higher cost savings are expected in the alternatives that influence them. It is
further interesting that the customers with the highest volume delivered are the ones with the highest costs in
this customer group. This however is not true for every customer group as depicted in figures 75, 76 and 77 in
the appendix.

Figure 47: Cost to serve in Retail Netherlands

Actually, as highlighted in figure 48, the relationship between volume delivered and costs induced is not
proportional. The costs per case, by taking into account the volume delivered, is a better indicator of the
efficiency of each customer than the total costs. In that sense the biggest customer might be having the highest
total costs but is also the most efficient with the lowest costs per case. Furthermore, this graph indicates in
which activity the inefficiencies are lying. For example it is clear that the second biggest customer could improve
its order pattern in terms of order quantity/frequency since the freight to customer induced costs per case are
higher than the ones of the biggest customer. In addition, the freight to customer costs per case vary between
0,055€ for the most and 0,078€ for the least efficient while the Outbound Handling costs per case vary between
0,017€ for the most and 0,051€ for the least efficient among the customers representing the 80% of the shipped
volume in the customer group. The low costs per case observed verify the high the truck load utilization and
the outbound handling efficiency in the group. Consistently this graphs are verifying the observations made in
the bubble graph presented in figure 22 in chapter 3.
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Figure 48: Cost per case in Retail Netherlands

5.2.3 General Insights (Alternatives)

The base case 1. experiment results are compared with the experiment results of the design alternatives tested in
experiments 2,3,4 and 5 here in terms of total costs. From figure 49 it becomes apparent that the implementation
of an MOQ policy has a positive effect on costs. Furthermore, it is clear from the graph that, as expected, the
stricter the MOQ policy gets (higher number of pallets required) the lower the freight to customer costs get.
Another observation that can be made from this graph is that the decrease of costs is incremental for the three
"quartile" MOQ alternatives while for the full truck loads MOQ the decrease in costs is significantly bigger for
all the groups apart from NL-Retail where the decrease is incremental. The reasoning behind this fact is that
the "quartile" alternatives are by definition related to an incremental change (setting the bar at the top 25%,
50% and 75% of no MOQ performance) while the "full truck load" alternative’s target is not related to the no
MOQ performance . In the case of NL-Retail the costs incrementally converge to the costs of a "full truck load"
alternative because the efficiency of this group is already high and consequently the costs are closer to minimum
while for the other groups a "full truck load" alternative is so far from reality that even changing to the top
75% performance would induce way more costs than switching to full truck loads. This also indicates that the
Full Truck Load alternative is probably unrealistic for all customer groups apart from Retail Netherlands.

Figure 49: Costs for the MOQ=pp∗l alternatives
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It is also clear from the graph and even more from table 6 that the highest cost saving potential can be
found in the NL-Retail group for any MOQ while the second highest potential can be found in NL-Food Service
with BE-Food Service and BE-Retail following again for every MOQ.

cost savings for MOQ=Q1 MOQ=Q2 MOQ=Q3 MOQ=FTL
BE-Food Service 17.240 € 22.680 € 34.144 € 91.771 €
BE-Retail 5.406 € 8.729 € 12.319 € 44.800 €
NL-Food Service 25.184 € 34.871 € 53.632 € 155.456 €
NL-Retail 30.807 € 69.787 € 109.073 € 156.965 €

Table 6: Cost savings for the various MOQ= pp∗l alternatives

Figure 50, illustrating the costs for the full pallet and full layer MOQ alternatives in comparison with the
alternative where no MOQ is implemented, also demonstrates that these MOQ policies are beneficial with
respect to costs. Furthermore, a significant difference in the magnitude of cost savings for the two alternatives
can be noted in the graph, with the Full Pallets MOQ alternative being the one providing the sharpest decrease
in costs for all customer groups.The graph also indicates that the highest potential lies in the implementation
of a Full Pallet policy in the Retail Channel of the Netherlands with the savings of all other customer groups
being significantly lower. In addition, the cost savings for the full layer MOQ alternative are almost negligible
for the retail channels of both countries while the same is not true for the food service channels. This difference
between the two channels is the expected outcome of the order pattern observed in figure 20 and demonstrates
the potential for improvement in layer picking for the food service channel.

Figure 50: Costs for the MOQ=full layer/pallet alternatives

The results regarding the frequency reduction alternatives presented in figure 51 can only be comprehended
when keeping in mind the assumption that "when the volume cannot be delivered with the number of shipments
allowed by the policy then the costs stay the same as in the no MOQ alternative for that customer" and that
when the number of shipments allowed is higher than the number of shipments for the no MOQ alternative then
the order pattern remains the same. In that sense, the number and "size" of customers with an order frequency
higher than the allowed by the policy but with a volume that can be delivered if the policy gets implemented is
the key factor influencing the results. Regarding the NL-Retail customer group the highest potential seems to
be lying in a Order Frequency of 3 shipments per week also being with 5 and 4 shipments per week also having
significant benefits. This is because the most inefficient orders occur to customers that have volumes that could
be delivered with only 3 shipments per week but their current order pattern is more frequent than that. The
cost savings from 5 and 4 shipments per week policies seem to be also high because of the bigger customers
being able to reduce their order frequency. While the lower order frequency alternatives seem to affect only
a smaller percentage of the groups delivered volume.In the other customer groups it can be observed that the
higher order frequency alternatives have no effect because the customers order below that frequencies anyways.
For example in Food Service Netherlands it can be observed that the majority of groups delivered volume could
be in a frequency of 1 shipment per week with 2 and 3 orders per week also having some potential. Finally,
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regarding the Belgium customer groups, no order frequency policy seems to have any potential apart from the
1 shipment per week.

Figure 51: Costs for the frequency reduction alternatives

5.2.4 MOQ equal to a specific number of pallet places alternatives

The base case 1. experiment results are compared with the results of experiments 4.a,4.b,4.c and 4.d in terms
of cost-to-serve per customer. The graph presented in figure 52 portrays the results of the "MOQ equal to a
specific number of pallet places" alternatives. It becomes apparent from the graph that any MOQ policy would
decrease costs and improve the efficiency of the freight to customer activities of every customer in the group.
The highest potential in the group is observed at the second biggest customer for every alternative with the
third and fourth also showing potentials greater than the one of the first customer for every alternative apart
from the one of an MOQ equal to their first quartile. When looking back at figure 22, one can see that the
third and fourth customer in size are the ones with the lowest average loading factors in the group explaining
their high potential while the combination of size and "relatively low loading factor explains the potential of the
second biggest customer. The incremental decrease in costs with the severity of the policy is observed in every
customer with the exception of the third and fifth customer where the costs for the third quartile alternative
and the full truck loads alternative are almost equal because the third quartile value is almost equal to the one
of a full truck load.

Figure 52: Freight to Customer Costs in Retail Netherlands
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5.2.5 Order Frequency equal to a specific number of days per week alternatives

The base case 1. experiment results are compared with the ones of Order Frequency design alternatives tested
in experiments 5.a,5.b,5.c,5.d,5.e in terms of cost-to-serve per customer. The results regarding the "Order
Frequency reduction to a specific number of days per week" alternatives for the dutch retail channel customer
group are depicted in figure 53. A first glance at the graph reveals that not every order frequency alternative has
a beneficial effect for every customer. This fact, as well as, the non-incremental and non-proportional decrease
of costs with the severity of the policy, can be explained by the two ways the model operates as discussed in
the general insights section earlier. When looking at the results one should keep in mind that each ship-to
location of every customer has its own order frequency. In that sense, the number and size of locations, with
an order frequency higher than the allowed by the policy but with a volume that can be delivered if the policy
gets implemented, is forming the results. For example, we can see that for the first customer there are a lot
of locations that have volumes that could have been delivered with a policy of a maximum 5 shipments per
week and consequently this is the order frequency that yields the most savings. The rest of the alternatives
do not yield any cost savings with the exemption of the one shipments per week that is affecting a ship-to
location with a small volume. The highest potential in the group is observed at the second biggest customer for
the alternative with order frequency equal to 4 shipments per week while the biggest customer has the second
highest potential for the 5 shipments per week alternative. A big potential can also be observed for the "Order
Frequency 2 shipments per week" alternative of the third customer and the 3 shipments/week one of the fourth
customer.

Figure 53: Freight to Customer Costs in Retail Netherlands for the frequency reduction alternatives

5.2.6 MOQ equal to full layers/pallets alternatives

The base case 1. experiment results are compared with the ones regarding the design alternatives of MOQ equal
to full layers and MOQ equal to full pallets tested in experiments 2 and 3 in terms of cost to serve per customer.
The results regarding the MOQ=full layers alternative and the MOQ=full pallets alternative are presented in
figure 54. The really good performance of the group observed in figure 25 with significantly low case picking
percentages explains the fact that the full layers alternative is not yielding any significant cost savings. The
only alternative with a potential in this customer group is the one of the customers ordering full pallets only. In
this alternative the highest cost savings are observed in third customer with the savings outweighing the ones
for the implementation of the same alternative on 1st,2nd,4th and 5th customer combined. The second biggest
potential is lying in the fourth biggest customer of the group. The implementation of the full pallets MOQ
would also have considerable effects on the customer with the highest volume as well as on the one with fifth
highest volume.
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Figure 54: Outbound Handling Costs in Retail Netherlands

5.3 Evaluation of the design alternatives and model’s proposal per customer
Following the analysis, the experiments’ results for each design alternative can now be evaluated and the proposal
of the model can be presented. A summary of the cost to serve for every tested alternative of the customers
representing the 80% of the shipped volume in the dutch retail channel customer group can be found in tables 7
and 8. This table can be used as an indication of the performance of each design alternative for each customer.
The design alternatives all have better or equal performance with the base case. it should be noted here that
the performance is equal only for the alternatives where the total number of pallets could not be delivered with
the number of shipments allowed by the policy (see assumption 5 regarding the alternatives). The expected
cost saving per alternative can be calculated as the difference between the cost to serve of the alternative and
the cost to serve of the base case(no moq).

costs for no moq Q1 Q2 Q3 FTL
AH 530.542 € 525.877 € 524.122 € 523.396 € 522.449 €
Jumbo 455.986 € 449.043 € 436.085 € 423.134 € 417.878 €
Plus 239.467 € 236.912 € 231.209 € 224.968 € 224.684 €
DRG 198.299 € 195.620 € 191.780 € 186.483 € 178.711 €
Coop 105.273 € 104.220 € 102.255 € 100.018 € 99.993 €
Deen 66.800 € 65.830 € 64.263 € 63.632 € 61.493 €
Hoogvliet 63.550 € 62.561 € 61.294 € 59.481 € 59.481 €

Table 7: Cost to serve per design alternative

costs for 5/wk 4/wk 3/wk 2/wk 1/wk FL FP
AH 432.680 € 530.542 € 530.542 € 530.542 € 528.348 € 530.268 € 516.442 €
Jumbo 389.531 € 339.870 € 392.645 € 449.489 € 455.986 € 455.835 € 451.295 €
Plus 239.467 € 223.473 € 209.609 € 202.719 € 239.467 € 239.235 € 168.046 €
DRG 198.299 € 175.987 € 168.949 € 176.995 € 191.159 € 198.163 € 162.767 €
Coop 81.460 € 105.273 € 105.273 € 105.273 € 105.273 € 105.257 € 87.429 €
Deen 66.800 € 66.800 € 66.800 € 55.270 € 61.536 € 66.761 € 55.135 €
Hoogvliet 63.550 € 52.064 € 48.222 € 63.550 € 63.550 € 63.493 € 53.941 €

Table 8: Cost to serve per design alternative

With the help of the tables presented above, the design alternatives can now be prioritized per customer
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with the ones resulting to lower costs having higher priority and the one with the lowest cost being the model’s
selected design alternative. A synopsis of the prioritisation can be found in table 9 presented below. It is clear
from the table that for each customer the prioritization of the alternatives is different proving, what was before
just indicated, that a "one size fits all" approach is definitely not leading to the overall efficiency optimization.

Selected(1st) 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th

AH 5/wk FP FTL Q3 Q1 Q2 1/wk FL 3/wk 4/wk 2/wk
Jumbo 4/wk 5/wk 3/wk FTL Q3 Q2 Q1 2/wk FP FL 1/wk
Plus FP 2/wk 3/wk 4/wk FTL Q3 Q1 Q2 FL 1/wk 5/wk
DRG FP 3/wk 4/wk 2/wk FTL Q3 1/wk Q2 Q1 FL 5/wk
Coop 5/wk FP FTL Q3 Q2 Q1 FL 1/wk 2/wk 4/wk 3/wk
Deen FP 2/wk FTL 1/wk Q3 Q1 Q2 FL 3/wk 4/wk 5/wk
Hoogvliet 3/wk 4/wk FP Q3 FTL Q1 Q2 FL 5/wk 1/wk 2/wk

Table 9: Design alternative prioritisation per customer

5.4 Evaluation of the design alternatives per customer type
Following the model’s proposal per customer, the results of the experiments per customer type are analyzed
and the determination of the best strategy per customer type can be achieved. Using the total costs function
per customer group sharing specific characteristics the alternatives effect on the costs can be quantified. In the
graphs presented in this section the performance of each alternative is presented as the Percentage Change from
the base case that can be achieved. In that sense, the minimum value of costs can be found in the alternative with
the highest cost reduction. The selection of this type of representation has been done because some customer
groups have costs that are orders of magnitude higher than others and consequently would not be able to be
represented on the same graph giving a holistic view if the absolute values were used. The representation with
the cost reduction percentage allows for comparisons to be made per group sharing the same characteristics but
should not be used for comparisons among different customer groups.

5.4.1 Country-Channel

Figure 55 is interesting in several ways. With respect to the customers located in the Netherlands, it shows that
for the retail channel, the minimum value of costs can be found in the alternative of full pallet with costs that
are lower by 14% than the no MOQ implementation alternative. The alternative that is leading to the second
lowest costs for the same group of customers is the one of an order frequency reduction to 5 days per week with
an 8% cost reduction being achieved upon implementation. For the food service channel, on the other hand, the
prevailing design alternative is the one of full truck loads with a difference of 29% in costs from no action being
taken. The full truck loads alternative is closely followed by the full pallets one leading to a 26% reduction while
the order frequency reduction to once per week is also leading to costs significantly lower(15%) than a no MOQ
implementation. For the Export Chanel, the order frequency reduction to once per week alternative is the one
leading to the highest cost reduction with the full truck loads also leading to similar cost savings. Regarding
Belgium, for both retail customers and food service the full truck loads alternative implementation would lead
to a cost reduction that cannot be compared with the ones of any of the alternatives. The full pallets and third
quartile MOQ alternatives are second and third respectively in terms of cost reduction for both channels. With
regards to Luxembourg, both full truck loads and full pallet alternatives seem to share the first position in cost
reduction in the retail channel while in the food service channel the full truck loads alternative would lead to
significantly higher cost reduction with the full pallets and third quartile MOQ sharing the second position.

An interesting observation that can be made here is that the entirety of the design alternatives leads to a cost
reduction only in the retail channel of the Netherlands. The alternatives of order frequency reduction to 5 and
4 shipments per week cannot be implemented in the other customer groups since their customers already have
lower order frequencies. The same can be said for the order frequency reduction to 3 and 2 shipments per week
that only have some impact on retail and food service customers in the Netherlands. Interestingly the order
frequency reduction to 1 shipments per week is the prevailing one for the export channel in the Netherlands
while it leads to the least cost savings for both channels in Belgium and to no cost savings in food service
Luxembourg. In addition, it should be noted here that the full layers design alternative only has a limited but
observable cost reduction in food service of all countries while in the retail channel of Netherlands and Belgium
it only leads to negligible and inconsiderable cost reduction.

Furthermore, it can be observed that the cost reduction that can be achieved by implementing a full truck
loads, the third quartile, the median and the first quartile MOQ alternatives, is higher for food service customers
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for all countries. The same could be said for the full pallets alternative but only regarding the Netherlands and
Belgium with the situation being the opposite for the customers in Luxembourg.

Figure 55: Cost reduction achieved by each design alternative per group of customers operating in a specific
country and channel

5.4.2 Demand

Figure 56 illustrates how alternatives would perform upon implementation on customers with specific demand
magnitude. It can be seen that for customers with an insignificant, low and medium demand the prevailing
alternative is the one full truck loads with the second being the one of full pallets. The order frequency reduction
alternative has only some significance for the medium demand size customers capturing the third position in
cost reduction. For the high demand customers the full pallets alternative seems to be the prevailing alternative
with the second and third alternative of full truck loads and order frequency reduction to 2 shipments per week
leading to significantly lower cost reduction. For the customers with significantly high demand the situation
differs even more with the Order Frequency reduction to 5 and 4 days per week design alternatives leading
to the highest cost reduction followed by the full pallets one and the full truck loads only capturing the 5th
position in cost reduction.

Figure 56 also indicates the absence of any impact in cost reduction of the design alternatives of frequency
reduction to more than 2 shipments per week for the customers with up to a medium demand. Apart from
that, it is highlighted in the graph, that the alternative of order frequency reduction to 1 shipment per week
has some impact to customers with a medium and low demand.

Moreover, in this graph it can be observed that the cost reduction percentage for the MOQ alternatives is
higher for customers with low demand and becomes lower for customers with higher demands.
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Figure 56: Cost reduction achieved by each design alternative per group of customers with certain Demand
magnitude

5.4.3 Frequency

Figure 57 summarizes the data on the effect of order frequency upon the design alternative selection. It is clear
from the graph that for customers with very low order frequency the full truck loads design alternative can have
a tremendous effect in the reduction of costs while a little lower effects can be achieved with the implementation
of a full pallets design alternative. For the customers with low order frequency the prevailing alternative is the
one of full pallets being followed by the one of full truck loads and the order frequency reduction to 2 days
per week. For the customers with a medium order frequency on the other hand the alternative leading to the
highest cost reduction is the one of order frequency reduction to 4 shipments per week followed by the full
pallets and the order frequency reduction to 3 shipments per week. Furthermore, for the customers with a high
order frequency, the cost reduction of the "order frequency reduction to 5 shipments per week" alternative is
outstanding with no other alternative being able to achieve a cost reduction of a similar extend. Finally, for
the customers with an significantly high order frequency, it is clear from the graph that the prevailing design
alternative is again the one of order frequency reduction to 5 shipments per week with the alternative of 4
shipments per week being in the second place.

It is also demonstrated in the graph that the Full layers alternative has an insignificant cost reduction
for customers with medium order frequency and none at all for high and significantly high order frequency
customers.For medium and high order frequencies insignificant is also the cost reduction of the order frequency
reduction to 1 shipment per week while the 2 shipments per week order frequency reduction causes no cost
reduction to customers with high average order frequencies.

Additionally, from graph it becomes apparent that the cost reduction percentage for the MOQ alternatives is
higher for customers with low order frequencies than for customers with higher order frequencies. The opposite
is true for the best order frequency reduction alternative per customer group. For example, the order frequency
reduction alternative that is best suited for low order frequencies has a lower cost reduction percentage than
the order frequency reduction alternative that is best suited for medium order frequencies.
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Figure 57: Cost reduction achieved by each design alternative per group of customers with certain Order
Frequency

5.4.4 Order Size

The effect of order size upon the design alternative selection can be observed in figure 57. In that figure it is
depicted that for customers with very small average order size the full truck load alternative is the one leading
to a significantly high cost reduction followed by the full pallet alternative. For the customers with a small
average order size it is clear that the alternative leading to the highest cost reduction is the one of full pallets
with the second position belonging to the full truck loads design alternative. For medium order size customers
the full pallets alternative is again the one with the highest cost saving, but for these customers this alternative
is closely followed by the one order frequency reduction to 4 shipments per week, having similar cost reduction
effects. The full truck loads alternative is 4th in the cost reduction right after the order frequency reduction
to 3 shipments per week. Similarly, for the customers with a high order frequency one can observe that, the
full pallet design alternative almost shares the first position of cost reduction with the alternative of frequency
reduction to 5 shipments per week, while the full truck loads alternative is again the fourth alternative right
after the order frequency reduction to 3 shipments per week. Finally for the customers with a significantly
high average order the graph clearly illustrates that the cost reduction of the full pallets alternative cannot be
approached by the implementation of any other design alternative. For these customers the order frequency
reduction to 2 shipments per week is second with respect to cost reduction followed by order frequency reduction
to 3 shipments per week.

Interestingly the impact of the full layers design alternative is more prominent on customers with very small
order size and is almost negligible for customers with bigger average order sizes. In addition, the order frequency
reduction alternatives to 5,4 and 3 days per week have no effect on the customers with a very low average order
size. The same is true for the 4 shipments per week and the small order size customers as well as for the 5,4
and 1 shipments per week for the customers with a significantly high order size.

In addition, the graph reveals that customers with significantly high order sizes have a smaller cost reduction
percentage for the MOQ alternatives than the customers with lower order sizes and the percentage incrementally
increases with reducing the order size.
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Figure 58: Cost reduction achieved by each design alternative per group of customers with certain Order Size

5.4.5 Order Size Variability

With respect to the effect of Order Size Variability upon the selection of a design alternative the results can be
observed in figure 59. The graph indicates that for customers with low order variability the prevailing alternative
is the one of full truck loads followed by the full pallet alternative that can however achieve only half of the cost
reduction of the prevailing alternative. For the customers with a medium order size variability one can observe
in the graph that again the full truck and full pallet alternatives have the first two position in cost reduction
respectively. However in this group of customers the difference in the reduction of costs for the two alternatives
seems to be relatively narrower and the full truck load alternative despite maintaining the first position having
significantly lower effects that the one it has in the low order size variability customers. With respect to the
customers with high order size variability the full truck loads alternative is again the first in cost reduction but
this time closely followed by the order frequency reduction to 5 shipments per week and the third alternative
being the full pallets one. Finally for the customers with an extremely high order size variability it can be noted
that the full pallet alternative has the highest reduction in costs with the alternatives of frequency reduction to
5 and 4 shipments per week ass well as the one of full truck loads sharing the second position in cost reduction.

Figure 59 also demonstrates that frequency reduction up to 2 shipments per week have no effect to customers
with low order size variability, while frequency reduction to 4 and 3 shipments per week have no effect to
customers with medium and high order size variability. In addition it is also illustrated that the cost reduction
of the full layers alternative is higher for low order size variability customers while it is almost negligible for
customers with an extremely high order size variability.

Also, it could be noted in the graph that the MOQ alternatives lead to higher percentages of cost reduction
for lower order size variability than for higher ones.
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Figure 59: Cost reduction per group of customers with certain Order Size Variability

5.5 Results summary
In this chapter, the performance of the design alternatives has been evaluated by comparing the costs, which is
the Key Performance Indicator. The design alternative with the lowest cost is recommended by the model as
the optimal strategy per customer. In that way, the design alternatives can be selected providing the answer
to research question 4. The developed model not only offers the opportunity for the costs to be compered
per activity but also allows a comparison of the design alternatives for every single customer. In that sense,
it becomes clear in which customers the biggest efficiency improvement and cost saving opportunities lie and
for which design alternative. These results are essentially providing evidence upon which strategy should be
followed for which customer and how should these strategies be prioritised from the supplier. An example on
how this decision can be prioritised is given in tables 7 and 8. It is clear from the table that priority in this
group should be given in the frequency reduction of the second biggest customer to 4 shipments per week and
the biggest customer to 5 shipments per week and to the third and fourth customer ordering on full pallets only.

However, the change in the order pattern of a customer is the result of negotiation between the supplier and
the customer where the customer’s willingness and ability to change play an important role. Keeping that into
consideration, the knowledge of the savings each strategy leads to, can be used to provide financial motivation
to the customer in order for them to comply to it.

Furthermore, the performance of each of the design alternatives has been evaluated in groups of customers
sharing similar characteristics regarding the country and the sector they operate in, their yearly demand,
their average order size, their order size variability and their order frequency. A summary of the performance
evaluation of all the alternatives can be found below.

1. MOQ=full layers alternative
This alternative is among the ones that offer the lowest cost reduction for every customer type regarding
every characteristic. It seems that is should only be considered as an alternative for low and insignificant
demand customers operating in the food service of all countries and in the retail of Luxembourg as well
as for customers with very small order size low or very low order frequency and low order size variability
with the cost reduction ranging from 1% to 4%for customers sharing these characteristics.

2. MOQ=full pallets alternative
This alternative is in the top 2 in terms of cost reduction for almost every type of customer. It is the
alternative that leads to the maximum cost reduction for customers with high demand, extremely high
variability, order sizes from small to significantly high and low order frequencies as well as for customers
that operate in retail of the Netherlands and Luxembourg. It is third in terms of cost reduction only for
the customers with significantly high demand where the frequency reduction alternatives prevail and for
customers with high order variability.

3. MOQ=
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(a) The first quartile (Q1) of the number of pallet places
This alternative, despite not being among the sharing the top places in cost reduction, can lead to
cost reduction if implemented on customers with insignificant or low demand(13% reduction), very
small order size(9%) and low order size variability(18%) and very low order frequencies(6%). If
implemented upon customers operating in the food service sector of Luxembourg it can lead to 12%
cost reduction and 8% upon implementation to their Belgian counterparts.

(b) The median (Q2) of the number of pallet places
It should be considered for the same type of customers as the first quartile MOQ alternative but it
leads to a bit higher cost reductions for every characteristic.

(c) The third quartile (Q3) of the number of pallet places
It should be considered for the same type of customers as the first and second quartile MOQ alterna-
tives leading higher cost reductions than both of them. Apart from those, it can also be considered
for customers with medium demand (8% cost reduction), small order size (7%), medium order size
variability (9%), low and medium order frequencies (6%).

(d) Full Truck loads (26 pallet places) alternative
This alternative is in the top 2 in terms of cost reduction for almost every type of customer. It
can lead to tremendous cost reduction if implemented in the customers that the other MOQ design
alternatives are just to be considered. For example, it is the one leading to the highest cost reductions
when implemented at customers with insignificant(36%) low (51%) and medium (27%) demand. It
is also the second most preferable for customers with high demand leading to 10% cost reduction. It
can also be considered for high (12%)and extremely high(9%) order size variability. It is the most
preferable alternative for food service customers leading to 48% cost reduction in Luxembourg, 32%
in Belgium and 29% in the Netherlands.

4. Order Frequency=

(a) 1 day per week alternative
can be considered for customers with low medium and high demand leading to cost reductions of 10%,
14%, and 5% respectively, very small and small order sizes with savings of 12% and 8% respectively
low and medium order size variability leading to 8% and 9% cost reduction. While among the
customers with very low and low order frequencies it can achieve cost reductions of around 8%.
Furthermore, it is the one leading to the highest cost reduction for customers in the export channel
of the Netherlands and should also be considered for food service customers of the Netherlands leading
to 15% cost reduction.

(b) 2 days per week alternative
Among customers with high demand this alternative can achieve a 10% cost reduction placing it in the
third position of the most preferable alternatives among customers sharing this characteristic. It also
occupies the second position of the most preferable alternatives for customers with significantly high
order sizes leading to 9% cost reduction in their group. Furthermore it can achieve 9% reduction
for customers with extremely high order size variability and can also be considered for small and
medium order sizes as well as for customers with low and medium order frequencies. It is applicable
in all 3 channels of the Netherlands with cost reduction being at 5% for food service 6% for retail
and 10% for export.

(c) 3 days per week alternative
it should be noted that this alternative can only be implemented upon customers that operate in the
Netherlands and is most preferable for those in retail. This alternative is 3rd for medium and low
order frequencies leading to a cost reduction around 12% for customers sharing this characteristic.
It is also second most preferable for customers with extremely high order size variability and third
most preferable for customers with medium order sizes with 10% cost reduction for customers in both
groups. Apart from that, it can be considered for customers with high and significantly high order
sizes cost reduction 5%. I can also be considered regarding customer with high and significantly high
demand as it leads to 5% and 8% cost reduction respectively.

(d) 4 days per week alternative
This alternative is possible for application only in retail Netherlands. It is the prevailing alternative
in terms of cost reduction for customers with medium order frequency leading to a 16% reduction and
second most preferable for customers with significantly high order frequency leading to 8% reduction.
It is leading to 10% cost reduction when applied to customers with significantly high demand, 14%
to customers with medium order size and 9% to customers with extremely high order variability.
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(e) 5 days per week alternative
This alternative is applicable only on customers operating in the retail sector of the Netherlands,
Specifically it is the most preferable alternative among customers with significantly high demand as
well as among customers with high and significantly high frequency leading to 12% 20% and 17%
reduction of costs respectively. Furthermore this alternative is sharing the first position for high
order sizes with 9% in cost reduction, while, when applied to customers with high order variability
it leads to 8% reduction.

Summarising the results section, the cost to serve model provides the means of evaluation of the design
alternatives and leads to proposals for each customer. Furthermore, the cost to serve model leads to an iden-
tification of the customer characteristics that each design alternative is more suited for. Consequently, it
sufficiently supports the mid-term decision making of the supplier for both outbound handling and freight to
customer operations’ optimization.
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6 Real-world implementation performance
In this section the results deriving from the real-world implementation of the selected design alternatives will
be discussed. The performance of the implemented alternatives is going to be compared both with the former
situation as well as with expected results deriving from the model suggestions.

6.1 Selected strategies
The models selected design alternatives have been considered and used in the negotiations with the customers in
the beginning of the year 2021. The case study company initiated the actions that will lead to efficiency improve-
ments starting from the retail channel of the Netherlands, as the prioritization of the customers-alternatives
suggested. In the negotiations it became clear that despite the order frequency reduction being the most
favourable design alternative for the supplier is the least desired one from the retailers. The retailers were more
open to minimum order quantity alternatives. The two biggest customers of the group have agreed to a combi-
nation of both full truck load and a full pallet MOQ implementation. Consequently, regarding these customers,
the experiments 3 and 4.d. conducted in the previous chapter are of great interest as the combination of their
results could be modeling the real-world implementation. For the implementation of the MOQ a real-time order
management tool has been developed. This tool uses the very same calculation of the cases, layers, pallets and
total number of pallet places as the model. But instead of leading into a cost calculation it makes suggestions
regarding the quantity of each product needed to be added in an order for every product to be on a full pallet
(fig. 60) as well as suggestions regarding the products to be added in order for the shipment to have a loading
factor of 1 (fig. 61). When the loading factor is below 1 the tool is selecting products that have high demand by
the specific retailer and are already in the order and suggests additional pallets of that products to be added.

Figure 60: Order management tool suggestions regarding Full Pallets

Figure 61: Order management tool suggestions regarding Full Trucks

The tool was used from the customer service team of KraftHeinz on a daily basis to automatically correct
the orders that were going to cause inefficiencies. The biggest customer of the group had just to be notified
of the changes while the second biggest customer had to be notified of and approve the changes. For the fifth
and seventh biggest customers of the group a less strict policy has been implemented. These customers were
willing to improve their order patterns regarding both full pallets and full truck loads but didn’t want an order
policy to be implemented. The negotiation lead to an agreement that they would be notified of their inefficient
order patterns on a monthly basis. The developed model has been used to analyse their order patterns. The
products that were consistently ordered in quantities that were not the ones of a full pallet as well as the number
of pallets shipped in subsequent inefficient shipments of one week have been highlighted and communicated to
them. With respect to these customers, only experiment 3 conducted in the previous chapter is of interest, and
when and if one compares the experiment results with the real-world one should always keep in mind that there
was no strict policy implementation. The rest of the customers have just agreed upon trying to improve their
full pallet ordering pattern maintaining a complete freedom of ordering, these customers were also notified of
their inefficient shipments and products that were not on a full pallet on a monthly basis but their willingness
to improve their order patterns was lower.

6.2 New Order patterns
The bubble graph presented below indicates the new efficiency of the deliveries to each customer after the
actions taken towards efficiency improvement. Just a glance at the graph presented in figure 62 reveals a

66



significantly improved efficiency in 2021 for some customers when compared to their order pattern efficiency in
2019, presented in figure 22 of the third chapter. The 2019 data of the two biggest customers have been added
to the graph for an easier comparison. It is clear that the bubbles representing the 2 biggest customers have
moved towards the upper right corner, representing the maximum efficiency. The same could be said for the
fifth and seventh customers of the group yet with a small distance from the optimal remaining to be covered.
The third biggest customer improved significantly in terms of full pallet picking while they remained stable in
terms of loading factor Finally, the fourth and sixth biggest customers improved significantly only in terms of
full pallet picking while their order pattern became less efficient in terms of loading factor. Keeping in mind
that the overall efficiency can be considered as a weighted average of the efficiency of each customer with the
weight being the size of the bubble, one could argue that the overall efficiency of the KraftHeinz’s outbound
handling and freight to customer operations have significantly improved for this customer group.//

Diving into detail, for the customer with the highest volume delivered the average loading factor has increased
to 0,96 from 0,9 in 2019 while the percentage of cases shipped to them on a full pallet has increased to 99,6%
from 98,6%. The improvement has been even more substantial for the second biggest customer with the loading
factor increasing from 0,71 to 0,94 while the full pallet picking percentage has also slightly increased (0,2%).
The lowest percentage for the group of full pallet picking for the group is now at 92% instead of 74% that it was
in 2019. On the other hand, the lowest has dropped to 52% from 64% being its initial value. However, a more
accurate understanding of the data can be acquired when comparing costs, the Key Performance indicator.
Consequently, the cost to serve model has been run with the 2021 actual data being used as an input.

Figure 62: Efficiency in Retail Netherlands 2021

6.3 New Cost to serve
The graph presented in figure 63 illustrates information regarding the cost to serve per customer for the top
customers representing the 80% of the shipped volume in the Retail Chanel of the Netherlands for the first
half of the year 2021. In order to compare the results from the two years one could double the costs of the
first half of the year assuming that there is no seasonality in demand. However, this is not true in consumer
goods industries. Another way to compare would be to run the model for the first half of 2019. This would
not take into account the difference in demand between the two years. These two approaches have been used
as a first rough estimate and they do verify the improvements observed in the bubble graph but they should
not taking everything into consideration. In order to have a more precise comparison of the expected and the
actual efficiency the costs per case has been used.
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Figure 63: Cost to serve in Retail Netherlands for the period of January-June 2021

Figure 64 illustrates how the cost to serve is transformed when the shipped volume is taken into consideration.
In 2021 the shift in the order pattern of the second biggest customer has lead to similar costs per case with the
biggest customer which is a desired outcome since their volumes are comparable. Comparing the graph with the
one of figure 48 one can notice that, the freight to customer induced cost per case has been reduced by 0,003€
for the biggest customer with similar reduction for the 4th, 5th and 7th customer while a 0,019€ reduction has
been observed at the second biggest one. What is interesting here is that the 5th customer despite deteriorating
in the loading factor has actually decreased it’s cost per case because its total order volume has decreased even
more radically. The freight to customer induced cost per case has been increased for the 3rd and 6th biggest
customers of the group by 0,018 and 0,014 € respectively. With respect to the outbound handling costs per
case there has been a decrease for the 3rd (0,022€) 4th(0,013€) 5th (0,007€) and 6th (0,013€)and 7th (0,03€)
customers while for the biggest 2 customers there has been a insignificant increase (0,001€), this small increase
occurred due to an increase in the case picked cases.

Figure 64: Cost per case Retail Netherlands for the period of January-June 2021
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6.4 Comparison with the former situation and with the expected results
Table 10 summarises the results of the two customers that have agreed to an MOQ policy implementation.
The significant cost per case reduction is visible when comparing the actual values of 2019 and 2021 while
the proximity of the models results to the actual results of the implementation can also be observed. The
strategy implementation has lead to a cost per case reduction higher than the one expected by the model.
It should be noted here that the selected strategy is actually a combination of two of the design alternatives
as both a full truck load MOQ and a full pallet MOQ are applied. Consequently, this is a alternative that
has not actually been tested by the model. The Model Expectation Cost/case is an approximation made by
combining the outbound handling costs of the full pallet MOQ alternative and the freight to customer costs
of the full truck load MOQ. This approximation does not take into consideration the cascading effects the two
strategies have upon each-other. Another thing that should be noted here is that the model has used 2019
demand data and consequently is not accurate in terms of the mix of the products ordered by the customer.
For example, the customers could be ordering more pallets of products that have more cases per pallet in 2021
leading to a decrease in the cost per case. This effect could only have been avoided if an accurate forecast of the
demand per product and per customer had been used. This type of data has not been available for the purposes
of this thesis however the model can function if these data are used as an input. These two notes explain
why the Model’s Expectation regarding the Cost/case for the selected design alternative happens to be a bit
higher than the Actual Cost/case deriving from 2021’s data. The outbound handling and freight to customer
operations efficiency of the two customers has definitely been improved and to an extend that was above the
expectations.The models accuracy has been considered more than sufficient by the case study company and in
the case that more accurate results are needed in the future it is suggested that the demand forecast is used as
input instead of the actual demand of a previous year.

Customer Alternative 2019 Model Expectation 2021 Reduction
Albert Heijn B.V. FTL&FP 0,0733 € 0,0696 € 0,0683 € 7%
Jumbo Supermarkten B.V. FTL&FP 0,0880 € 0,0798 € 0,0713 € 19%

Table 10: Cost per case comparison

6.5 Real-world implementation performance summary
Research question 5 has been answered in this chapter. Specifically, the actions taken by the case study company
in order to improve its freight to customer and outbound handling operations efficiency have been presented.
The real world implementation differs to an extend from the proposed design alternatives of the model, since
in reality these strategies are subject to negotiation with the customer. In some cases a combination of the
design alternatives has been selected, while in others the customers have not committed to a specific strategy
but agreed to try improve their order patterns while being systematically informed of the inefficiencies they
cause. Six months after the initiation of activities towards efficiency improvements, the cost to serve model has
been used for assessing the new situation with 2021’s data as input. The models results have been presented
both as an absolute value and as a ratio of costs to shipped cases in order for a valid comparison to take place.
The results indicate that the selected design alternatives perform as expected if not better than expected in the
real world and that the models suggestions led to significant efficiency improvements.
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7 Conclusions & Recommendations for future work
In this last section, the conclusions will be drawn by providing an answer to the main research question of this
thesis composed in the first chapter. The results will be discussed and recommendations will be given for future
research on the topic.

7.1 Conclusions
The conclusions will be drawn by answering the research question and the sub questions that were composed
to aid in answering it. The main research question of this thesis is the following:

• How can the outbound handling and freight to customer operations efficiency be maximized
?

This question can be answered when reviewing the results of this thesis. The answer lies in the order pattern
of the customers which has been proven to be a substantial influencing factor for efficiency. Various ways to
improve the order pattern have been examined as the data analysis has indicated and a cost to serve model has
been developed to evaluate these design alternatives per customer. The evaluation indicates which alternative
should be selected per customer as well as which alternative is the second(/third/fourth/etc.) best in case the
customer is not willing to comply with the most efficient alternative. Furthermore, the evaluation of the design
alternatives through the cost to serve model results indicates which customer order pattern changes would
have the maximum impact in improving the overall outbound handling and freight to customer operations
efficiency. In that way, the model helps the supplier prioritize both the strategies to be implemented per
customer and the customers that are important for a strategy implementation. Finally, the performance of the
design alternatives has been evaluated for clusters of customers that share specific characteristics. The results
indicate that the design alternatives of full pallets minimum order quantity, full truck loads, as well as the order
frequency reduction alternatives to 5 and 4 shipments per week all lead to the highest cost reduction for different
customer groups sharing specific characteristics, while others like the the full layers minimum order quantity,
the specific number of pallet places Q1,Q2,Q3 minimum order quantity and the order frequency reduction
alternatives to 3,2 and 1 shipments per week are not the most preferable ones for any group of customers with
a specific characteristic. The exact process followed to reach this conclusion as well as the specifications of it
are explained by answering the following five sub questions:

1. How are outbound handling and freight to customer operations problems being addressed and how their
performance is compared in the existing literature?

Outbound handling and freight to customer operations problems are being addressed via Long-term (strategic
network design) and Short-term models (vehicle routing) while less focus has been placed in the Medium-term
models like the ones of truck space utilization and warehouse handling efficiency perspectives that this research
is focusing on. Attention has not either been placed on the suppliers perspective with the existing models
focusing mainly on the retailer nor to the combination of solving Outbound handling and freight to customer
operations problems. From the existing literature the concepts of "quantity adjustment" and "loading factor"
have been proven useful. Finally, in the existing literature the way to compare performance in problems that
incorporate multiple activities been identified in activity based costing and more specifically in cost to serve
models.

2. How can the logistic system of outbound handling and freight to customer operations be described, what
is its current performance and what are the identified design alternatives?

This sub question was answered by performing a data analysis. The activities performed and their associated
costs have been identified. Outbound handling includes full pallet picking, layer picking and case picking
activities while freight to customer operations only the shipping from warehouse to customers activity. The
costs vary per 3pl and each ship-to location is being served by a specific 3pl. The data indicate that the current
performance is not optimal with a lot of inefficiencies being spotted both in the general statistics and the in
the detailed analysis of the order patterns of each customer. The consecration of the shipped volume to specific
countries, channels and to specific customers, within the country-channels, suggests that the overall efficiency
has bigger potential to increase if focus is placed to the countries, channels and customers that both have
inefficiencies and a high shipped volume. The retail Chanel in the Netherlands seems to have the combination
of inefficiencies and shipped volume that makes it more prosperous for potential efficiency improvements. While
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the order patterns of the customers verify that a "one size fits all" approach should be avoided indicating
different types of inefficiencies for each customer. The analysis also suggests that the design alternatives to be
examined are Minimum order quantities strategies, with a focus on either the number of pallet places in a truck
shipped or on the number of cases per product ordered, and Order frequency reduction strategies. The KPI of
Costs has been selected for the evaluating the performance of the design alternatives.

3. What should the structure of a model be, in order to compare the outcome of the design alternatives?

This question has been answered both by creating a conceptual model representing the real-life system and a
mathematical model transforming it into mathematical language with the required assumptions being made.
The model is using the demand for each product in each order at all the ship-to locations throughout the
year 2019, the list with the information regarding which 3pl is serving which ship-to location and the tariffs
applied by each 3pl for each activity to calculate the numbers of full pallets, cases on full layers,cases case-picked
and pallet places and finally the cost to serve each customer. The model has been implemented in Microsoft
Excel and the implementation has been described. Finally, verification to the model has been provided through
continuity tests, degeneracy tests, consistency tests and fault injection and it has been proven that the model
is implemented according to the described specifications and that the implementation accurately represents the
conceptual description.

4. What are the selected design alternatives of this model?

This sub question has been answered by developing an experimental plan and describing the specifics of each
experiment. Each of the experiments was evaluating one of the design alternatives. Through an analysis of
the model’s results, the design alternatives have been compared and the ones leading to the lower costs have
been selected for each customer. In that way the model’s selected design alternatives are the ones that lead to
the highest cost savings. However, in reality the actual selection of the alternative to be implemented is the
outcome of the negotiation of the supplier with the retailer. For that reason, the design alternatives leading
to cost savings has also been sorted from the one leading to the highest savings to the ones to leading to the
lowest in order for the supplier to be able to use these alternatives in case of negotiations with the retailer
regarding the changes in the order pattern. In addition, the combination of customers with design alternatives
have been sorted with respect to cost saving opportunity in order for the supplier to prioritise the strategies to
be implemented. In that sense the model both suggest the optimal design alternative and supports the real-life
decision making. Furthermore, the model has been used for the evaluation of each of the design alternatives
upon groups of customers sharing similar characteristics. The results indicate that for customers with high
demand or extremely high variability or order sizes from small to significantly high or low order frequencies or
customers that operate in Netherlands and Luxembourg retail sector, the full pallets minimum order quantity is
the one that can save more costs. The full truck loads alternative is the one leading to the most cost savings if
implemented in customers with insignificant, low and medium demand or very small order sizes or low, medium,
and high order size variability or very low order frequency or customers that operate in food service of all 3
countries. Finally, the order frequency reduction alternative to 5 shipments per week is the one that can lead to
the highest savings for customers with significantly high demand or high and significantly high order frequencies
or customers operating in the retail sector of the Netherlands, while the order frequency reduction alternative
to 4 shipments per week is preferable for customers with medium order frequencies.

5. How do the model’s selected design alternatives perform in a real world experiment?

In the real world the proposed design alternatives were not followed to the letter since the implementation
is dependent on the willingness of the customers to change their order patterns. However, the alternatives
that have been applied could be described as a combination of the ones suggested by the model in some cases,
while in others as not strictly enforced MOQs. The implementation that took place only in the Netherlands
retail channel despite not being the exact model’s suggestion has led to the astonishing efficiency improvements
and cost savings validating the proposals of the model. It can be highlighted here, as a quantification of the
achieved improvements, that the cost per case for the first and second biggest retailers in the Netherlands has
been reduced by 7% and 19% respectively.

7.2 Recommendations for future work
In this research the ways to increase outbound handling and freight to customer operations efficiency have been
studied contributing to the expansion of knowledge in the field of medium-term supply chain planning. This
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has been done from the supplier’s perspective. It has been made clear that the order pattern of the customers
influences the efficiency of outbound handling and freight to customer operations in a great extend. The study
discussed the options of possible Minimum Order Quantity as well as Order Frequency reduction strategies
being applied. The outcomes of such a strategy implementation have been evaluated with the help of a cost
to serve model and a prioritization of the alternatives has taken place. The models results and prioritization
have been proven useful for the case study company in rising awareness regarding the causal factors as well as
in assisting in the negotiations with the customers and the decision making. Apart from its own contribution,
this study has also helped in identifying fields that require further investigation:

• interesting fields for academia:

1. The application of the model could be expanded to other case study companies willing to share their
data in order for the results to be compared and test if the models suggested design alternatives are
universally applicable.

2. In this research Costs have been selected as the KPI upon which the design alternatives have been
evaluated. An interesting future research direction would be to use CO2 emissions as a KPI and
compare the suggested alternatives with the ones proposed by this research.

3. An interesting research direction could be to incorporate more factors that support the decision
making process in the model. Potential of cost savings calculated by the cost to serve model for
every alternative and every customer is only one factor amongst those that define the strategy to be
selected to be negotiated with the customer. Factors that could be also taken in to consideration are
the market share and potential market growth of the customer as well as the state of the business
relationship of the supplier with the customer.

• interesting fields for the case study company:

1. With respect to additional design alternatives to be studied. A future research could evaluate the
efficiency improvements of multi-drop routing to various customers. In this alternative the optimal
weekdays per region would have to be found and the customers would have to order only on these
specific weekdays. This has not been the focus of this research because at the moment the benefits
of this alternative could only be ripped off by the 3pl provider and not from the supplier. Another
interesting alternative that could be studied in the future is the reduction of ship-to locations per
customer.

2. The developed model is modular allowing also other types of scenarios to be tested for example one
could use the very same model developed for the purposes of this thesis to evaluate switching to a
different 3pl provider. In that case the scenarios would be the various 3pls and their tariffs while the
order pattern of the customers would be constant for every scenario.

3. This research has considered the product specifications like the number of cases per pallet, the full
pallet height, the maximum height for layer-picked and case-picked pallets as well as the types of
products that their pallets are able to be stacked, to be unalterable and thus constraining the problem.
These specifications are set in order to ensure stability and avoid potential collisions due to sliding or
overloading. However, with the appropriate packaging modifications and always taking the related
regulations into consideration, the constrictions can be relaxed allowing more space for optimization.
Consequently, it would be interesting for the case study company to investigate such solutions. The
modularity of the developed model is allowing this type of a scenario to be investigated but in that
case it would be wise to include the additional packaging material costs in the analysis of the results.

4. This research has used the demand data of 2019 to evaluate various alternatives. These results give
an exact answer to the question what the effects of a design alternative implementation would have
been in 2019. With the assumption of the yearly demand does not fluctuate substantially per year
one could use these results to forecast the costs of a design alternative implementation in the following
year. For more accuracy however it would be wise for the study to be repeated with the forecasted
demand data as an input.

5. Future research could also focus on examining the ways that the cost savings could be offered to the
customer as incentives to ensure the changes in the order pattern. A research in this field could focus
on defining which customers require financial motivation in order to conform to an MOQ strategy,
what percentage of the savings can be offered as incentive and how this incentive be offered.
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Appendix B - Model implementation in excel
The master data of the products are extracted from SAP and inserted in an excel spreadsheet as presented in
figure 65

Figure 65: Master data

In the same book but in a separate spreadsheet, the data regarding the demand are inserted as depicted in
the blue headed columns of figure 66.

Figure 66: Order data and calculations

The vertical lookup function (=vlookup(EPN;MasterData;3;0)) that was used for searching the ordered
products’ EPN number in the master data is depicted in the brown headed columns of figure 66

Then the exact number of pallets, layers and cases were calculated with the help of the retrieved information
as follows:

number of pallets=IF([@[Confirmed Qty]]=0;0;QUOTIENT([@[Confirmed Qty]];[@[Cases per pallet]]))
number of layers=IF([@[Confirmed Qty]]=0;0;QUOTIENT(MOD([@[Confirmed Qty]];[@[Cases per pallet]]);[@[cases

per layer]]))
Layer picked cases=[@Layers]*[@[cases per layer]]
number of cases =IF([@[Confirmed Qty]]=0;0;MOD(MOD([@[Confirmed Qty]];[@[Cases per pallet]]);[@[cases

per layer]])) These calculations take place at the green headed columns of figure 66.

The calculation of the pallet places of the order takes place at the purple headed columns presented in the
figure 66.

The explicit calculation is presented below step by step as in the multiple excel columns used:

1. transformation of the number of full pallets of the product into a number of pallet places
FP to PP Conversion=[@Pallets]*[@Stackability]

2. transformation of the number of layers into a percentage of a full pallet as presented below
LP % FP=IF([@[Confirmed Qty]]=0;0;[@[Layer picked cases]]/[@[Cases per pallet]])

3. Division of this product’s Full Pallet Height by the maximum height a layer-picked pallet can have, giving
the:
LP to PP using Height=IF([@[LP % FP]]<>0;[@[Full Pallet Height ’[mm’]]]/1800;0)

4. multiplication of the two numbers giving the layers’ equivalent in pallet places:
LP to PP Conversion=[@[LP to PP using Height]]*[@[LP % FP]]

5. transformation of the number of cases into the cases’ equivalent in pallet places as presented below:
CP to PP Conversion=IF([@[Confirmed Qty]]=0;0;[@Cases]/[@[Cases per pallet]]*([@[Full Pallet Height
’[mm’]]]/1050))

6. calculation of the number of pallet places the product occupies by multiplying the summation of the
conversions with the pallet type coefficient:
Pallet Places=([@[FP to PP Conversion]]+[@[LP to PP Conversion]]+[@[CP to PP Conversion]])*[@[Pallet
Type Coef]]

7. Calculation of the number of pallet places for the entire order via a cumulative (by adding the value of
the previous row only if the order number is the same as in the previous line.):
PP cumulative=IF([@[Document Number]]=A1;[@[Pallet Places]]+AF1;[@[Pallet Places]])
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8. Singling out the final number of the cumulative:
Pallet Places per order=IF([@[Document Number]]=A3;"";ROUNDUP([@[per order2]];0))

The three spreadsheets of the second file containing data, regarding the tariffs applied by the 3pl parties at
each warehouse location as well as the one-to-one relation between location and 3pl serving this location are
presented in figure 67 68

Figure 67: Tariffs

Figure 68: Location-3pl

Regarding the outbound handling costs of the calculation, the summarized data of the first file is depicted
in 69. The linked information can be found under the blue and orange headed columns and the calculations are
a presented below:

1. Cost Case Pick =[@[Cases picked]]*’WH costs’$G$11

2. Cost Layer Pick =[@[Cases on full layers]]*’WH costs’ !$H$12

3. Cost Full Pallet Pick =[@[Full pallets]]*’WH costs’$H$8

4. Summation of costs associated with the Outbound Handling activities:
Outbound Handling Costs=SUM(Picking_Table[@[Cost Case Pick ]:[Cost Full Pallet Pick ]])

The outbound handling costs for the various scenarios are presented below

1. For the Full Layers MOQ scenario the Cases on full layers and Cases picked are both multiplied with the
layer picking tariff the full pallet picking costs are the same as in the no MOQ scenario:

86



MOQ Full Layers Costs=([@[Cases on full layers]]+[@[Cases picked]])*’WH costs’ !H12+[@[Cost Full Pal-
let Pick ]]

2. For the Full Pallets MOQ scenario the average number of cases per pallet is used to find the new number
of pallets picked. This number varies per ship-to location so it has to be found by a a vertical lookup
function. The costs are calculated as presented below:
MOQ Full Pallets costs=SUM(Picking_Table[@[Cases picked]:[Cases on full layers]])/VLOOKUP([@[Ship-
To Party]];Avg_cases_per_pallet_Table;4;0)*’WH costs’ !H8+[@[Cost Full Pallet Pick ]]

3. For all other scenarios the Outbound Handling Costs are assumed to stay the same as in the no MOQ
scenario

The calculations of the outbound handling costs can be found in 69

Figure 69: Outbound handling costs calculation

Regarding the Freight to customer costs calculation, the pasted summarized data of the first file in the
separate spreadsheet are depicted in 70

Figure 70: Pallet places per location and day

The vertical lookup function identifying the 3pl serving each location is the following :
3pl=VLOOKUP([@[Ship-to party]];Ship_To_3pl;3;0) and the returned information is depicted in figure 71

The costs for each day can are looked up in the associated tariff table with the following formula:

costs_of_day=IF(I3="";0;IF(I3>0;IF(LM3="NAB";VLOOKUP(I3;FTC_NAB;3;0);VLOOKUP(I3;FTC_VR[[Pallet
Places]:[per shipment]];3;0));0))

A part off the extension of the formula for the equivalent of the number of days of the year can be found in
71
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Figure 71: Freight to customer calculation no moq scenario

The summation of all the costs is done with the following:
FreighttoCustomer costs=SUM(LN3:XQ3)

Figure 72: Freight to customer summation no moq scenario

For the MOQ scenarios initially the values are selected as follows:
FTL=26
Q1=ROUND(QUARTILE(I3:LL3;1);0)
Q2=ROUND(QUARTILE(I3:LL3;2);0)
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Q3=ROUND(QUARTILE(I3:LL3;3);0)

The total number of pallet places shipped in shipments that had less pallet places than the MOQ value are
calculated.

PP Under MOQ_FTL=SUMIFS(I3:LL3;I3:LL3;"<"&XS3;I3:LL3;">0")
Then the number of shipments needed for the previously inefficient orders to be shipped with the value of

the MOQ.
Shipments when MOQ applied=[@[PP Under MOQ_FTL]]/[@[FTL]]
Cost of changed=IF(LM3="NAB";VLOOKUP([@[FTL]];FTC_NAB;3;0)*[@[Shipments when MOQ applied]];VLOOKUP([@[FTL]];FTC_VR[[Pallet

Places]:[per shipment]];3;0)*[@[Shipments when MOQ applied]])
Cost of not changed=SUMIF(I3:LL3;">="&[@[FTL]];LN3:XR3)
Costs for MOQ_FTL=[@[Cost of changed]]+[@[Cost of not changed]]
The same process is repeated for Q1,Q2 and Q3

Figure 73: Freight to customer calculation for the moq scenarios

The frequency reduction scenarios calculation takes place in the columns depicted in figure 74.
The total number of pallet places is calculated adding pallet places for all the dates of the year as presented

below:
total pallet places=SUM(I3:LL3)

The number of shipments is calculated using the function below
Shipments=COUNTIF(I3:LL3;"<>")

The costs are calculated by the function presented below. FTC 1 shipment per week scenario=IF(52<[@[Shipments]];IF([@[total
pallet places]]/52<=26;IF($LM3="NAB";VLOOKUP(IF(ROUND([@[total pallet places]]/52;0)<1;1;ROUND([@[total
pallet places]]/52;0));FTC_NAB;3;0)*52;VLOOKUP(IF(ROUND([@[total pallet places]]/52;0)<1;1;ROUND([@[total
pallet places]]/52;0));FTC_VR[[Pallet Places]:[per shipment]];3;0)*52);[@[Freight to Customer Costs]]);[@[Freight
to Customer Costs]])
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Figure 74: Freight to customer calculation for the frequency reduction scenarios

Appendix C - Experimental results

Figure 75: Cost to serve in Food Service Netherlands
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Figure 76: Cost to serve in Retail Belgium

Figure 77: Cost to serve in Food Service Belgium
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Figure 78: Freight to Customer Costs in Food Service Netherlands

Figure 79: Freight to Customer Costs in Retail Belgium
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Figure 80: Freight to Customer Costs in Food Service Belgium

Figure 81: Freight to Customer Costs in Food Service Netherlands with frequency reduction
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Figure 82: Freight to Customer Costs in Retail Belgium with frequency reduction

Figure 83: Freight to Customer Costs in Food Service Belgium with frequency reduction
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Figure 84: Outbound Handling Costs in Food Service Netherlands

Figure 85: Outbound Handling Costs in Retail Belgium
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Figure 86: Outbound Handling Costs in Food Service Belgium
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Customer - Scenario savings
Jumbo - 4/wk 116.116 €
AH - 5/wk 97.861 €
Plus - FP 71.421 €
Jumbo - 5/wk 66.455 €
Jumbo - 3/wk 63.341 €
Jumbo - FTL 38.108 €
Plus - 2/wk 36.748 €
DRG - FP 35.532 €
Jumbo - Q3 32.853 €
Plus - 3/wk 29.858 €
DRG - 3/wk 29.350 €
Coop - 5/wk 23.813 €
DRG - 4/wk 22.312 €
DRG - 2/wk 21.304 €
DRG - FTL 19.588 €
Coop - FP 17.844 €
Plus - 4/wk 15.994 €
Hoogvliet - 3/wk 15.328 €
Plus - FTL 14.783 €
Plus - Q3 14.499 €
AH - FP 14.100 €
DRG - Q3 11.816 €
Deen - FP 11.665 €
Deen - 2/wk 11.530 €
Hoogvliet - 4/wk 11.486 €
Hoogvliet - FP 9.609 €
AH - FTL 8.092 €
AH - Q3 7.145 €
DRG - 1/wk 7.140 €
Jumbo - Q2 6.943 €
Jumbo - Q1 6.943 €
Jumbo - 2/wk 6.498 €
Deen - FTL 5.307 €
Coop - FTL 5.280 €
Deen - 1/wk 5.264 €
Coop - Q3 5.255 €
Jumbo - FP 4.691 €
AH - Q1 4.664 €
AH - Q2 4.664 €
Hoogvliet - Q3 4.070 €
Hoogvliet - FTL 4.070 €
Deen - Q3 3.168 €
DRG - Q1 2.679 €
DRG - Q2 2.679 €
Plus - Q1 2.555 €
Plus - Q2 2.555 €
AH - 1/wk 2.193 €
Coop - Q2 1.053 €
Coop - Q1 1.053 €
Hoogvliet - Q1 989 €
Hoogvliet - Q2 989 €
Deen - Q1 970 €
Deen - Q2 970 €
AH - FL 274 €
Plus - FL 232 €
Jumbo - FL 151 €
DRG - FL 136 €
Hoogvliet - FL 58 €
Deen - FL 39 €
Coop - FL 16 €
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