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MANAGEMENT SUMMARY 

This project was triggered by the observation that the coating market is under pressure. One of the 

main players in this market, CoBu (pseudonym), observed this pressure and stated the following 

problem: 

With the proposed project we will look into the logistics setup for the CoBu network in EMEAI (Europe, 

Middle East, Africa and India) in regards to the service levels to our customers. With competition getting 

tougher on the market, with competitors able to provide similar products at lower cost it is more 

important to be able to compete on the service that the company provides. The business has a certain 

setup in the system in regards to product channels, lead times and Order ready to ship, but these are 

used as general business rules with one size fits all model. We would like to benchmark the current 

setup vs actual performance and propose a new configuration based on statistics. (Improvement 

Leader, 2015) 

In order to overcome this problem CoBu is thinking about moving from the ‘one size fits all’ strategy 

towards a strategy in which customers receive the service which corresponds to their value towards 

the company. The service is in this case the result of the setup of several business rules. Business rules 

are those rules applied to manage the supply chain. The business rules which are considered in this 

case are presented in the figure below. 

 

The problem statement indicates that all business rules are currently applying a ‘one size fits all’ 

strategy. However, while analyzing the AS-IS situation it was found that this is not completely the 

case. Accepting rush orders, assigning volume penalties, and selecting carriers for certain routes is 

already subject to differentiated rules. Nevertheless are those rules designed and applied 

independently, causing inconsistency and contradictory decision making. The first step for a business 

setup based on differentiation is therefore to align those initiatives. The following segmentation 

framework was therefore developed: 

 

 

 

 

 

The framework can be used to streamline the current business rules. This streamlining can be done 

during a reoccurring meeting with the involved CoBu stakeholders. At this meeting it is decided what 

services are offered to the different customer groups of the framework. The meeting should be 

Gross Sales: 

 Category 1: 0-80% Accumulated 

 Category 2: 80-95% Accumulated 

 Category 3: 95-100% Accumulated 

Margin: 

 Category 1: <15% 

 Category 2: 15-25% 

 Category 3: >25% 
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reoccurring as the business is exposed to market and customer changes; the setup of the business 

rules can become outdated. It is therefore proposed to discuss the business rules and their setup on 

a yearly basis by usage of the updated segmentation framework. This yearly process is summarized 

below. 

 

In the current situation the rush order acceptance, volume penalties, and carrier assignment should 

be discussed during the yearly meeting. However, it is also possible to use differentiation in other 

business rules. Two examples are the minimum lead time offered to a customer (ORTS-time) and the 

target fill-rate offered to a customer. By translating the current planning and scheduling situation of 

CoBu into a simulation model those two options were investigated. In order to test the alternative 

new business rules two customer groups were created, a gold valuable group and a silver less-

valuable group. The testing of the simulation model was done by performing a design of experiments 

and a case study on three products. Investigating the simulation model resulted in the following 

findings: 

 Pipeline stock and replenishments placed at an earlier point in time undermine the positive 

impact of longer minimum requested lead-times for silver customers (ORTSminimum
silver ).  The 

first finding was that pipeline stock can increase when the minimum lead-time of silver 

customers (ORTSminimum
silver ) is increased. The increased pipeline stock is due to additional days 

that stock is reserved. Moreover, replenishment orders might be placed at an earlier point in 

time as a result of longer requested lead times. Those two factors negatively influence the 

advantage of longer minimum lead-times (ORTSminimum
silver ). 

 The advantage of stock rationing is limited because of order due dates and high 

replenishment quantities.  The impact of stock rationing is limited. This is due to orders 

which already have sufficient lead time requested. Those orders will be served on-time 

despite of the allocation policy. This is a direct result of backorders being served  in a first-

come-first-served way. Moreover, a high replenishment quantity also has a positive impact 

on the fill-rate of silver customers. Even in the extreme situation that all stock of the reorder 

level is allocated to the gold customer group, the silver customers can still have a high overall 

fill-rate. 

 Combining minimum lead time differentiation and stock rationing can reduce the On-Hand 

inventory.  It was shown that it is sometimes useful to combine the differentiation of 

minimum lead times (ORTSminimum
silver ) with stock rationing. Although the savings are very low 

in the case study, namely 22.7% instead of 22.0% and only for one of the products. 

 Systems without stock reservations outperform systems with stock reservations.   The last 

finding is very straightforward, namely that assigning stock to a certain order at order arrival 

is suboptimal. It is better to postpone this fulfilment decision to the moment that the order 

is due. On the other hand, it is possible that customers prefer to know on forehand whether 

their order is feasible. The latter would be in favour of the system with reservations. 

Besides those findings also a cost estimation was conducted for the three products in the case study. 

The case study showed that there are substantial savings, but that they go together with substantially 

reduced services. Moreover, the proposed alternative business rules make the planning and 

scheduling process considerably more complex. Overall it might therefore be better to maintain the 

current system. Although a switch in which all orders are accepted and later checked for feasibility, 

might be worth to test with.  
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1 INTRODUCTION 

This report is the result of a master thesis in the field of ‘Operations, Management and Logistics’. The 

thesis is conducted at one of the business units of a large chemical company, called Chemco. Chemco 

is a pseudonym which is used by reason of confidentiality. Chemco produces and sells all kinds of 

chemicals to other businesses located all over the globe. The business unit which is considered 

operates on the coatings market. This business unit will be referred to as CoBu. The coating market 

is growing increasingly intense and prices are under pressure. Those factors are at the basis of this 

project. Traditional strategies as the ‘one size fits all’-strategy might not be optimal in this evaluated 

market and should therefore be reconsidered. Chemco faced this challenge and stated the following 

problem statement: 

With the proposed project we will look into the logistics setup for the CoBu network in EMEAI (Europe, 

Middle East, Africa and India) in regards to the service levels to our customers. With competition getting 

tougher on the market, with competitors able to provide similar products at lower cost it is more 

important to be able to compete on the service that the company provides. The business have certain 

setup in the system in regards to product channels, lead times and Order ready to ship, but these are 

used as general business rules with one size fits all model. We would like to benchmark the current setup 

vs actual performance and propose a new configuration based on statistics. (Improvement Leader, 

2015) 

Other chemical firms or firms operating on comparable markets are probably facing similar 

challenges. A quick look in literature learns that much research has been conducted on alternatives 

for the ‘one size fits all’ strategy. Customer segmentation and its implications can be considered as a 

hot topic in literature. However, customer segmentation in a business-to-business environment is 

currently underexposed (Kandeil, Saad, & Youssef, 2014). This report proposes a framework which is 

easily obtainable by  business-to-business firms and can be used to streamline the customer 

segmentation process for those business–to–business companies.  

The segmentation framework is logically followed by defining differentiated rules. This report 

especially focusses on currently applied business rules by ChemCo and differentiated rules which 

affect the inventory holding performance. Two rules affecting this inventory holding performance 

are the differentiation of the lead times and target fill-rates. The impact of differentiated lead times 

per customer segment can be expected to affect the inventory levels. This impact is evaluated using 

a case study at CoBu. A similar research is done for the fill-rates. When using stock rationing those 

fill-rates diverge per customer segment. Applying a stock rationing policy in combination with due 

dates does not seem to have been done before. The case study at CoBu will show that such a policy 

could also be useful in a situation with due dates. 

This report is structured in the following way. Firstly the AS-IS situation at CoBu is described. Within 

this chapter the current situation of CoBu is described in detail. Based on the problem statement and 

AS-IS situation a literature study has been conducted. The relevant literature found during this study 

is discussed in chapter three.  In chapter four the problem is simplified by translating it into one overall 

research question which is on its turn divided into several manageable sub-questions. This chapter 

also shows the limits of the research by describing the scope. Moreover, the methods used for 

answering the research question are described in this chapter. In the chapters that follow the research 

question is going to be answered. 
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First a segmentation framework is proposed including its effect on the currently applied business 

rules. This can be found in chapter five. Furthermore new business rules have been developed that 

differentiate lead times and target fill-rates. Those new rules are described and translated into a 

model in chapter six and the results are presented in chapter seven. In the last chapter a conclusion is 

drawn and recommendations are given. 
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2 AS-IS SITUATION 

The trigger for this research was the observation of a possible misfit  between the ‘one size fits all’-

strategy and the current market trend in which competitiveness moves from low pricing to offering 

the better service. This observation was done by CoBu. Within this AS-IS chapter the origin of this 

observation is to be discussed by describing the current situation at CoBu. The chapter contains a 

brief description of the business unit at which the research takes place. This is followed by a 

description of the current supply chain setup and the rules applied to manage this supply chain. 

2.1 THE COATING MATERIALS BUSINESS UNIT (COBU) 
CoBu is one of the many business units of Chemco and focusses specifically on the coatings market. 

In this market the business unit is one of the main players. By operating production facilities and 

storage facilities throughout the EMEAI-region, CoBu is able to serve all its customers. In 2015 CoBu 

sold around 350 different coatings to around 400 customers. Those customers placed over a 45.000 

orders in that year. 

2.2 SUPPLY CHAIN MANAGEMENT 
Managing the supply chain is a complex process. Therefore the delivery of 45.000 orders within 

expectations requires some clear rules and policies. Extra complexity is added as not all orders require 

the same steps. The products can be separated into two categories, packed products and bulk 

products. Packed products require, in contrast to bulk products, an extra packaging step besides the 

standard production steps. This packaging step mostly requires an extra transhipment to a location 

with packaging facilities. Moreover, CoBu does not have sufficient storage facilities to maintain a 

make-to-stock (MTS) policy for all products. Thereby, having a MTS policy for all products would be 

a costly business. They therefore keep some products in stock and others are only produced when 

ordered by a customer. The latter is called a make-to-order (MTO) policy. An overview of the Internal 

Supply Chain of CoBu is shown in Figure 1. 

 
Figure 1 Supply Chain of CoBu 

In order to manage the supply chain a set of rules and policies is used. Those rules and policies can 

occur at different levels of the supply chain, including the production process, storage process, order 

arrival process, and transportation process. For those processes it is that the business rules at CoBu 

were identified. Those business rules are shown in Figure 2 and the identified business rules are 

discussed thereafter. 
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Figure 2 Current set of Business Rules 

Manufacturing Strategy/Inventory Holding Policy 
Because of capacity constraints and cost savings CoBu is not keeping all products in-stock. CoBu is 

therefore operating two manufacturing strategies, namely make-to-stock (MTS) and make-to-order 

(MTO). To decide which products to keep in-stock CoBu is applying a rule based on yearly demand 

and product type. For bulk materials a standard rule of X metric tons yearly demand is used and for 

packed materials a rule of Y metric tons yearly demand is used. When demand exceeds this amount 

the material is produced using a MTS policy, otherwise a MTO policy is applied. The decision is usually 

independent of which customers are buying the product. However, there are some exceptions. An 

example is when demand only depends on a very select group of customers (Manager, 2015). The 

standard rule for determining the manufacturing strategy is shown in Table 1. 

Table 1 Standard Manufacturing Strategy 
Type: Demand: Manufacturing Strategy: 

Bulk Yearly Demand ≤ X Metric Tons MTO 
Bulk Yearly Demand ≥ X Metric Tons MTS 
Pack Yearly Demand ≤ Y Metric Tons MTO 
Pack Yearly Demand ≥ Y Metric Tons MTS 

Order Ready to Ship time (ORTSminimum) 
The first thing checked when an order arrives is whether the order does not violate the standard ‘order 

ready to ship’ times. The standard ‘order ready to ship’ time is the minimum time required between 

the arrival of the order and the moment the order is ready to be shipped from its storage or 

production location.  

Those standards are shown in Table 2. Those standards are applied at most location, although there 

are some exceptions. Especially the locations with packaging facilities are able to provide shorter 

‘order ready to ship’ times for packed make-to-order (MTO) products. 

Table 2 Standard Order Ready to Ship times (ORTSminimum) 
Manufacturing Strategy: Order Type: Order Ready to Ship time: 

MTS Bulk 2 days 
MTS Pack 2 days 
MTO Bulk 5 days 
MTO Pack 21 days 

When the requested delivery date of the order is conform the standards than it can be checked in the 

system whether the requested date is feasible. This is done by using the available-to-promise (ATP) 

system. This system checks if there is stock and/or capacity available to fulfil the order in time. Based 
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on this check a proposed delivery date is sent to the customer. In case this last date is accepted, a 

confirmed order is added in the system. The order arrival process is also summarized in Figure 3. 

After entering the confirmed date in the system, all processes are somewhat automated. The system 

will notify the carrier responsible for the corresponding route, and the system will adjust inventory 

levels, so that the promised date can be made.  

 
Figure 3 Order Arrival Process 

Rush Order Acceptance 
Sometimes it happens that customers require a product earlier than the standard order ready to ship 

time permits. Those orders are called rush orders. In contrast to standard orders, rush orders are not 

handled automatically by the system. Instead, inventory and transportation is handled manually. 

When a rush order arrives the plant is contacted about stock availability and logistics about 

transportation feasibility. If feasible a rush order can be placed. 

Rush orders require extra activities from employees receiving the orders, planning the plant, and 

managing the logistics. To account for those extra activities CoBu is charging some rush order 

penalties. There is a standard fee and moreover all extra carrier costs are charged to the customer. 

There is also a special groups of customers. Those customers have a rush order allowance. This means 

that they negotiated with CoBu that they require rush orders. For those customers no standard fee is 

charged. Similar as to the previous rules, there is no explicit rule defined about which customers are 

allowed to have this exception. At this moment this is requested by the account manager of a 

customer and allowed by one of the service directors. 

Carrier Selection 
During a three yearly reoccurring tender the logistics purchasing department of ChemCo assigns 

carriers to routes. The first step is that logistics purchasing reveals a list of available routes. The list 

contains the commonly employed routes and the expected amount of goods transhipped over those 

routes. Carriers are able to bid on routes of the list. A bid represents the amount they can tranship 

over a route, the price they request to ship this amount, and the time a shipment will take. After all 

bids are received, the logistics purchasing department has to decide which bid to take. This is the 

moment where customer segmentation comes into play. 

The simplest method to select the best bid would be by selecting on lowest price. However, the 

transportation performance a customer receives is directly dependent on the external carrier. Having 

a poor performing carrier delivering a strategic high valuable customer would be undesired. The 

logistics purchasing department is therefore ranking all carriers into three categories, an A-category, 



13 
 

a B-category, and a C-category. The ranking is based on safety, quality, and service. The idea is that 

important customers only receive a high ranked (A or B) carrier. 

The strategic customers are identified by the businesses itself. During every tender process the 

businesses receive a request which asks them to enlist their strategic customers. It is not directly clear 

whom of the business should do this. This can therefore differ per business unit. There is also no 

central rule for identifying strategic customers. The criteria for being a strategic customer are 

therefore different per business unit. 

Based on the bids, rankings, and strategic customer lists, a carrier for each route is chosen by logistics 

purchasing. The general rule is that they choose the cheapest offer per route, as long as ranking 

criteria are not violated. Subsequently, the list with all routes and carriers is proposed to the business 

units.  It is possible that the proposed transportation time is longer than in previous years. This can 

happen when transport becomes Inter-Modal instead of direct. The first is in general cheaper, but will 

require some extra transportation time. Account managers of CoBu have the option to refuse the 

proposed extra transportation days. In this case the route will remain direct and therefore more 

expensive. 

An overview of the carrier selection process is shown in Figure 4. 

 
Figure 4 Carrier Selection Process 

Volume Penalties 
The price negotiations are done on a yearly basis with each individual customer. The prices can be 

decided upon on forehand, afterwards, or follow the market. In this report we will not dive into those 

pricing mechanisms of CoBu, since those mechanisms are more in the field of marketing than supply 

chain management. However, there are some special agreements which can be made between CoBu 

and the customer. One of them is a penalty for small orders. 

Sometimes customers order less than a full truck load, which is a costly business for ChemCo. A large 

consultancy firm investigated this problem for ChemCo and came up with a penalty for not ordering 

full truck loads (Large Consultancy Firm, 2014). This penalty was presented as a standard, but it is 

currently not used that way. At this moment it is up to the account managers whether to add those 

penalties to the pricing negotiations or not. As a result there are still some customers ordering in very 

small batches. 

The account managers responsible for the negotiations decide which customers are proposed less-

than-a-truck-load penalties. Each account manager is therefore segmenting his customers 
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somehow. In the current setup no explicit rules or standards are available for the account managers 

to decide which customer should get penalties. 

 
Target Service Levels 
CoBu is applying several service measures for measuring the customer service. We are focusing on 

the delivery service of CoBu. The target delivery on-time levels of CoBu are as follows: 

 Bulk: 95% on-time delivery 

 Packed: 90% on-time delivery 

The delivery service by CoBu is defined as the orders that are delivered on-time based on the 

requested delivery date confirmed. As mentioned before, each customer request is checked for 

feasibility. The requested delivery date confirmed is the agreed date by both CoBu and the customer. 

2.3 FINDINGS AND OPPORTUNITIES 
The initial problem statement was to investigate how to move from the ‘one size fits all’ strategy. 

Analyzing the current setup showed that most processes already moved from the ‘one size fits all’ 

strategy. Within those processes customers are already threated in different ways and customer 

segmentation initiatives are already present; Service is differentiated with respect to transportation 

quality, rush order acceptance, and volume penalties. For each process, customer segmentation 

initiatives were taken independently, in other words, an umbrella vision lacks. Moreover, some of the 

rules are totally dependent on one employee, which plays inconsistency into hand. The first goal of 

this research will be to align the current customer segmentation initiatives: 

 Create a customer segmentation framework which can be used to align the current customer 

segmentation initiatives. 

There were also some processes which indeed follow a ‘one size fits all’ strategy. For those processes 

it could be interesting to see if it is possible to move from the ‘one size fits all’ strategy and to test 

whether this move would be profitable. First a look is therefore taken to the possibility of 

differentiating the ‘standard order ready to ship times’ for customers. 

 Develop a supply chain setup in which customers receive different ‘standard order ready to 

ship times’. 

Moreover, the targeted delivery service is equal for all customers, although not all customers will 

bring equal value to CoBu. It is investigated whether it is possible to differentiate delivery service for 

the customers and what this would do to the inventory levels. 

 Develop a supply chain setup in which customers receive different fill-rates and therefore a 

differentiated delivery performance. 
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3 RELATED WORK 

The work related to this research can be found in the customer segmentation, and the inventory 

management literature. With customer segmentation the customers are separated into distinct 

groups; Comparable customers are grouped together. This allows to serve customers according to 

the characteristics of their group. Lead time and fill-rate differentiation can be seen as applications 

of customer segmentation. In order to approximate the effect of lead time differentiation a look is 

taken into the inventory management literature. In order to differentiate fill-rates Stock rationing 

can be used. Inventory management umbrellas stock rationing. All stock rationing models come from 

the inventory management field of study. In stock rationing customer groups receive different service 

levels as a result of an allocation policy. This literature review will present related work in existing 

literature on those topics. 

3.1 CUSTOMER SEGMENTATION 
A lot has been published about customer segmentation. Most of this literature finds its basis in the 

book of Kotler (1994). This book is therefore used as basis for the segmentation part in this report. 

Moreover, Hofmann et al. (2012) give an overview of segmentation approaches with the focus on the 

supply chain. Their work is especially relevant as it fits the supply chain perspective of this research. 

1) Kotler (1994): Describes how to approach customer segmentation. He identifies six steps for 

developing customer segmentation within a company. Those steps are shown in Figure 5. 

The steps of Kotler (1994) can be separated into three phases. During the first phase 

customers are grouped based on relevant variables. The grouping phase is followed by a 

targeting phase. Targeting means that the attractiveness of each group is determined. At last 

the positioning in the market is developed. This positioning refers to the actual rules and 

actions taken for each segment. 

 

Figure 5 Steps in Market segmentation, Targeting, and Positioning (Kotler, 1994, p. 265) 

2) Hofmann et al. (2012): Provides an overview of customer segmentation approaches. The 

advantage of his book is that he specifically focusses on those approaches which are relevant 

for supply chain applications. In contrast to most recent literature, Hofmann et al. (2012) 

seems to prefer simple methods, an example of such a method is the BCG matrix. 

3.2 INVENTORY MANAGEMENT AND STOCK RATIONING 
In the case of CoBu we will have to look at (R, s, Q)-models. Those models fit the currently used policy 

best. The (R, s, Q)-policy is a policy in which every R periods an order of n times size Q can be placed. 

At this point an order will be placed if and only if the inventory position has been dropped below 

reorder level s. Silver et al. (1998) and De Kok (2002) provide approximations for the optimal setup of 

this policy. Stock rationing comes forth from the inventory management literature and is about 

allocating scarce inventory to predetermined customers. One of the simplest examples can be found 
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in the airplane industry. In this industry seats of an airplane are often saved for high-paying 

customers, even though other customers might arrive before.  

3.2.1 (R, s, Q)-Policy with stock rationing 

3) Nahmias and Demmy (1981): Those authors were one of the firsts describing stock rationing 

in an (R, s, Q)-policy. They proposed a system in which low priority customers are 

backordered when the on-hand inventory drops below a level K. Nahmias and Demmy (1981)  

also developed approximations for determining the fill-rates. However, there are some 

essential drawbacks in their methods. An example of such a drawback is the allowance of 

only one backorder at once. Moreover, Nahmias and Demmy (1981) only compared rationing 

models instead of rationing versus non-rationing situations. 

4) Moon and Kang (1998): In continuation of the work of Nahmias and Demmy (1981), Moon 

and Kang (1998) investigated more realistic environments. The method they proposed was 

by simulation. In this way it became possible to investigate more realistic and complex 

rationing systems. Moon and Kang (1998) made use of two customer groups arriving 

according to two independent Poisson distributions. This is also known as a compound 

Poisson process. Moreover, Moon and Kang (1998) extended the existing models with 

variable order sizes per order. 

5) Despande et al. (2003): This article can also be seen as a continuation of the work of Nahmias 

and Demmy (1981). Despande et al. (2003) developed a methodology to optimize the control 

parameters of a (Q, R, K)-policy with priority clearing and threshold clearing. Priority clearing 

prioritizes priority class customers, where threshold clearing handles backorders in a First-

Come-First-Served (FCFS) manner, until the on-hand inventory drops below K. When this 

happens only priority class customers are served. 

3.2.2 Performance Measure 

6) Gabor et al. (2016): This article is interesting since it is one of the few focussing on another 

performance measure than the fill-rate only. Gabor et al. (2016) describes that a delay is not 

per definition problematic. In his articles delays are allowed up to a certain level. Gabor et al. 

(2016) describes how a huge stock reduction can be achieved by optimizing based on an 

agreed response time rather than on an agreed fill-rate. 
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4 RESEARCH OUTLINE 

From the problem statement a problem was distilled. In this chapter this problem will be paraphrased 

into one overall research question. Furthermore the research question is going to be divided into 

respectively independent sub-questions. Those sub-questions are a direct result of the relevant 

literature and the findings from the AS-IS situation. Moreover, this chapter will describe how the 

research question and sub-questions are going to be answered by describing the methodologies 

used. But first the scope of the research is defined. This is essential as the research has only a limited 

timeframe and limited data is available. 

4.1 SCOPE 
This research is conducted at CoBu, which is a business unit of ChemCo. This research will only look 

at data and processes within the Europe, Middle-East, Africa, and India region of this business unit. 

In the process description six supply chain processes and rules were identified. The research is limited 

to those six. This means that we will only look at the: 

 Manufacturing Policy/Inventory Holding Policy 

 Standard Order Ready to Ship times 

 Carrier Selection 

 Rush Order Acceptance 

 Volume Penalties and/or Discounts 

 Target Delivery Service Levels 

4.2 RESEARCH QUESTION 
The problem statement results in the following research question: 

When service is the market driver making a business competitive, how should a large chemical 

business-to-business company apply customer segmentation in its supply chain processes? (RQ) 

As pointed out previously, CoBu is considering a segmented approach in order to deal with the 

increased market intensity. CoBu expects that it can remain competitive by focussing on service. The 

research question can be separated into three respectively independent sub-questions.  

The first sub-question is as follows: 

With the eye on customer segmentation, how could the current and future customer segmentation 

initiatives be aligned? (subQ1) 

a) What segmentation variables should be selected and which segmentation method should be 

used? (subQ1a) 

b) How can the customer segments be characterised? (subQ1b) 

c) How attractive is each segment and which segments should therefore be targeted? (subQ1c) 

d) What services should be offered to which segment and how should the processes be shaped to 

allow for those offers? (subQ1d) 

e) How could the developed framework be embedded in the CoBu system? (subQ1e) 

The AS-IS situation showed a setup in which some differentiating policies already exist, but an overall 

vision seemed to lack. Therefore the first sub-question aims for aligning the initiatives. The 

segmentation process in this report is largely based on the steps as described by Kotler (1994). The 

sub-questions embody those steps. The segmentation variables are selected first, after which the 
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customers are grouped based on some rule or method. The groups defined are then characterised. 

This characterisation includes the evaluation of the current supply chain performance for each 

customer group. Those first steps can be seen as the market segmentation phase from Kotler (1994). 

The market segmentation phase is followed by the evaluation of the customer groups. The 

attractiveness of the segments is discussed and it is decided which segments should be targeted. This 

is part of the market targeting phase of Kotler (1994). At last it has to be decided which actions to 

take. This is called the positioning phase in Kotler his framework. During the positioning phase the 

setup for each process for each customer segment is defined. 

As mentioned before, there are several processes in which the framework could be easily 

implemented since those processes already contain customer segmentation initiatives. However, 

there are also some processes in which this is not yet the case. One of those processes is the usage of 

the ‘standard order ready to ship time’. 

Should CoBu use different ‘standard order ready to ship’ times per customer segment? (subQ2) 

1. How could differentiated ‘standard order ready to ship’ times affect the current supply chain 

setup? (subQ2a) 

2. How could the impact of the new policy on the supply chain performance of CoBu be 

approximated? (subQ2b) 

3. Does the positive impact of the new policy out-weight the reduced service? (subQ2c) 

In order to know what effect the differentiated ‘standard order ready to ship times’ has on the system, 

we first have to find out which processes are affected by such a new rule. After deciding which 

processes are affected it is interesting to find out how those processes are affected and if CoBu could 

take advantage out of this. If we look for instance at the article from Gabor et al. (2016) it can be 

expected that agreed response time differentiation can have some impact on the inventory levels. 

Gabor et al. (2016) already showed how different agreed response times could be used in a very 

simple inventory holding policy. They showed that the inventory positions could be reduced 

substantially by offering customers different response times. Customers with short response times 

receive quick deliveries, where customers with long response times have to wait longer. However, 

the price of the latter could be reduced as less stock is kept for them. A similar system would be 

created when the ‘standard order ready to ship’ times are differed in the CoBu case. However, the 

CoBu case is way more complex than the simple system described by Gabor et al. (2016). 

Gabor et al. (2016) described how stock rationing can be used in combination with agreed response 

times. However, in its basis stock rationing is most commonly used in combination with 

differentiated fill-rates. The fill-rate is the percentage of orders delivered directly from stock (de Kok, 

2002). 

Should CoBu use different target fill-rates per customer segment? (subQ3) 

1. How could the CoBu inventory system be redesigned in such a way that different target fill-rates 

are included? (subQ3a) 

2. How could the impact of the new policy on the supply chain performance of CoBu be 

approximated? (subQ3b) 

3. Does the reduced stock levels out-weight the reduced service? (subQ3c) 

The trade-off within such a policy is that CoBu can reduce the stock levels, as was already shown by 

Nahmias et al. (1981), although the service levels for a specific group of customers is reduced. The 

remaining question is whether the reduced stock level out-weight the reduced service for low 

valuable customers.  
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4.3 METHODOLOGY 
This section explains the methods used to answer the research question as described before. In order 

to answer the research question several methodologies have been used. The different methods and 

their usage are described in this section. 

4.3.1 Unstructured and Semi-Structured Interviews 

Much information at ChemCo is stored in share points and online trainings. However, not all 

information can be obtained via this route. Some information has to be found differently. To obtain 

this information unstructured and semi-structured interviews were used. 

Unstructured interviews took mainly place in the beginning of the project. Those interviews were 

used to find out what the different employees are working on and where they are responsible for. 

This knowledge is necessary to create a deeper understanding of the process and to know where to 

find information at a later stage. As the project moves on, the interviews will evolve more towards 

semi-structured interviews. At this point the goal of the interview is clearer and actual lacks of 

information are identified. Moreover, the function of the interviewee and the knowledge of the 

interviewee will more often be known on forehand. 

Interviews result in new questions and the identification of new interviewees. This process is 

comparable to the interview cycle as described by Teijlingen (2014). His interview cycle is shown in 

Appendix 2 (Interview cycle). 

4.3.2 Simulation Modelling 

Part of the research question will be answered by using modelling and simulation. Modelling and 

simulation allows for translating the current CoBu case into the redesigned CoBu case including the 

new policies. It would be preferable to determine the impact analytically, however, the system is too 

complex to allow for analytical analysis only. 

The method used to develop the simulation model comes from Tolk et al. (2013). They distinguish 

reference modelling, conceptual modelling, simulation construction, and validation and verification. 

The reference modelling describes the real situation. This part allows for contradictions and different 

opinions. Based on the reference model a conceptual model is developed. The conceptual model is 

usually in the form of a flow diagram. The conceptual model does not allow for contradictions. The 

conceptual model should be translatable to an actual simulation model. During all steps it is 

important to validate and verify. Validation is about ‘modelling the right thing’, where verification is 

about ‘modelling the thing right’ (Tolk, Diallo, Padilla, & Herencia-Zapana, 2013). 

The framework of Tolk et al. (2013) is preferred over other frameworks since it allows for 

contradictions. Moreover, it assumes that some events are not applicable for modelling. The 

framework is shown in Figure 6. 
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Figure 6 Framework for Simulation Modelling by Tolk et al. (2013) (Lynch, Padilla, Diallo, Sokolowski, & Banks, 2014) 

4.3.3 Design Of Experiments (DOE) 

In order to create a more general idea about the working of the new supply chain policies, a DOE was 

executed. A DOE allows to measure the impact of various factors on an output variable (Montgomery, 

2013, p. 13). By testing high and low levels of the input factors the impact is determined. As the 

eventual simulation model can be expected to consist of many input variables, a full factorial design 

seems infeasible. A full factorial design means that all high and low level combinations are tested for. 

Therefore, a fractional DOE design can be obtained, allowing for analysing factor impacts and 

interaction effects without requiring many simulation runs. The DOE will be used to understand the 

behaviour of the different factors in relation to the output variables. This knowledge can be used to 

understand why the new policies are working for the one product and not for the other. If the latter 

would be the case. 
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5 CUSTOMER SEGMENTATION FRAMEWORK AND BUSINESS 

RULES 

One of the main findings from observing the current supply chain setup is that an overall view on 

customer segmentation lacks at CoBu. It was found that the business rules were set up independently 

which paves the way for contradictory and inconsistent decision making. This is most probably a 

general problem for business-to-business firms, considering the scarce literature availability on this 

topic. The first step was therefore to align those rules and develop a segmentation framework. The 

corresponding research question is as follows: 

With the eye on customer segmentation, how could the current and future customer segmentation 

initiatives be aligned? (subQ1) 

The idea is that segmentation initiatives can be aligned by developing a segmentation framework. 

This segmentation framework can be used by the different internal stakeholders to discuss the 

segmentation policies and thereby bring the different policies in line. All stakeholders should be able 

to use the framework, which means that this segmentation framework should be easy to use and 

understandable. It is also preferred that the framework is applicable over a long term, therefore it 

should be updateable. The segmentation framework assures that the first market segmentation and 

targeting phases of Kotler (1994) are aligned, the last positioning phase remains open for discussion 

once in a while. 

5.1 SEGMENTATION VARIABLES 
As mentioned before, the segmentation steps from Kotler (1994) are used. This means that we first 

have to decide on the segmentation variables and segmentation method. This is also in line with the 

following sub-question: 

What segmentation variables should be selected and which segmentation method should be used? 

(subQ1a) 

The objective of the segmentation is that important customers are bounded to the CoBu business, 

where non-important customers are not explicitly captured. This can be achieved by offering 

important customers the better service. The first step is therefore to identify important CoBu 

customers. The selected segmentation variables should allow for this separation. In other words, the 

segmentation variables should be a measure for customer importance. 

It has first to be investigated why a customer is important to a chemical firm. It appears that the 

financial gain from a customer is very important. This has been brought up by all stakeholders 

interviewed (including (Improvement Leader, 2015), (Logistics Director, 2015), and (Leading 

Commercial representative, 2016)). Another important factor has been given by a Global Supply 

Chain Director of CoBu. He stated that initial investment costs are very high in the chemical business. 

Therefore, it is not only important to make a high margin, but also to have a high turnover (Global 

Supply Chain Director, 2016). Another point looked at is the data availability. Easy obtainable data is 

essential for the updateability of the framework. Moreover, time is limited for this research, and easy 

obtainable data is therefore preferred. At last the distributors were defined as special group, this 

group will be discussed at a later stage. 

The next step is to find metrics fitting the factors as stated above. All possible segmentation variables 

were therefore listed and compared. Out of those variables, the standard margin and gross sales were 
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selected as best segmentation variables. The reason for selecting those variables is that data for 

those variables is easily obtainable and they give a good representation of the financial gain and 

turnover per customer. An overview of the ranking process can be found in Appendix 3 (Selection of 

Segmentation Variables). 

Standard Margin 
The standard margin shows the margin made per customer. In the CoBu case this margin is calculated 

by subtracting the freight expense, variable standard costs, and fixed other costs, from the total 

revenue. The measure is not totally accurate, since some costs are not easy to allocate. However, it 

is the best approximation for customer profitability available (Global Supply Chain Director, 2016). In 

the specific CoBu case the standard margin is ideal as it is directly available. As a result the data 

availability is high for this variable. 

Gross Sales 
The other segmentation variable is the gross sales per customer. The gross sales is a useful variable 

for two reasons. First of all it directly shows the impact of a customer on the turnover. The second 

reason is that it is possible to find the approximate profit by combining the standard margin and the 

gross sales. 

At this point the segmentation variables are set, but it is not yet possible to group the customers. 

Before deciding on a segmentation method we will look at a scatterplot of the two variables. This 

scatterplot is shown in Figure 7. The scatterplot shows the gross sales versus the standard margin. 

Based on this graph we cannot immediately observe some distinct groups, although some customers 

appear to have extreme high gross sales compared to the rest. 

 
Figure 7 Scatterplot of the Segmentation Variables 

For the gross sales the Pareto principle seems very applicable. The Pareto principle states that 20% 

of the customers are responsible for 80% of the gross sales (Hofmann et al. (2012), and Winston and 

Cahill (2013)). Winston and Cahill (2013) state that this 20%-group is the only group keeping a 

business profitable in the future. The scatterplot shows that a select group is responsible for most of 

the gross sales. This is why the Pareto Principle fits the scatterplot and therefore CoBu as well. 

Customers were categorized according to following rule: 

 Category 1: Customers responsible for 80% of the gross sales. 

 Category 2: Customers responsible for 80-95% of the gross sales. 

 Category 3: Customers responsible for 95-100% of the gross sales. 

The standard margin is very different for the various customers and can range from huge losses to 

large profits. The scatterplot seems to show a somewhat normally distributed pattern with a mean 

around 20%. Also for this variable it was chosen to use three categories. The three categories were 
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structured in such a way that the customers were divided in three categories of substantial sizes. The 

reason to create three categories of substantial size is that this assures that no single customer 

segments occur. The three categories were structured as follows: 

 Category 1: Customers with a standard margin below 15%. 

 Category 2: Customers with a standard margin between 15% and 25%. 

 Category 3: Customers with a high standard margin of at least 25%. 

The above description already shows that a matrix method was used to group the customers. This 

matrix method was obtained from Hofmann et al. (2012). They give an overview of methods to divide 

the customers for supply chain differentiation purposes. Several of those methods are matrix based. 

A matrix based customer segmentation is easy in use and therefore a commonly used practise. This 

can also be seen from Kotler (1994), who uses a matrix segmentation as example in his targeting step. 

Other methods like statistical segmentation are harder to understand. Moreover, those methods are 

difficult to update. 

The number of customer groups in the matrix was initially set to nine. On the one hand, nine groups 

allow to have relatively small groups with specific treatments. On the other hand, does it not scatter 

all customers in too many groups which would result in almost single customer segments. The nine 

groups are a direct result of the three levels of our two segmentation variables. 

Based on several interviews one last additional segment 

was separated for the CoBu case, namely the distributors. 

Those customers are already treated differently by CoBu, 

as they have special account managers and prices. The 

distributors are important as they allow CoBu to participate 

in many supply chains of small businesses without adding 

much complexity ( (Logistics Director, 2015) and (Director 

Distribution and Channel Management, 2016)). The overall 

framework is shown in Figure 8. 
Figure 8 The Proposed Segmentation Framework 

5.2 SEGMENT CHARACTERISATION 
The framework for a customer segmentation has now been set. The next step is to analyse the 

different customer groups created by the newly developed framework. In this case this is also done 

for CoBu. The goal of this step is to get a feeling with the different segments. The gained knowledge 

about the characteristics of the segments can be used during the targeting and positioning step. 

Therefore we will look into the customer characteristics by answering the following question: 

How can the customer segments be characterised? (subQ1b) 

The segments are analysed by looking at some demographics, financials, order characteristics, and 

performance measures. Looking at the customers shows that multinationals are occupying the high 

‘gross sales’ segments, which is not really a surprise. Medium sized businesses are mainly occupying 

the other segments. It is newsworthy to see that most orders in the low margin segments come from 

the Africa region. Meanwhile, the other segments show very diverse destinations of the orders. An 

overview of the ‘ship-to’-locations is shown in Appendix 8 (Destinations per Segment). 
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Financial Characteristics 
Table 3 shows an overview of the financials of the different segments. First of all it could be noticed 

that respectively few customers are responsible for most of the gross sales. This is in line with the 

previously noticed Pareto principle. Furthermore, the financials are as expected. Segments 1 and 2 

are responsible for most of the total profit of CoBu, but also the gain of segments 4 and 10 are 

substantial. The remainder of the customer segments have a respectively low share in the CoBu 

profit. Moreover, high differences in margins are observed, which signifies the relevance of customer 

segmentation once again. 

Table 3 Financial Performance of Segments (2014 and 2015) 

Segment 10 Segment 7 Segment 4 Segment 1 

# of Customers 9 # of Customers 229 # of Customers 31 # of Customers 17 

% of Total Profit 12% % of Total Profit 4% % of Total Profit 9% % of Total Profit 38% 

Average Margin 24% Average Margin 39% Average Margin 38% Average Margin 37% 
 

Segment 8 Segment 5 Segment 2 

# of Customers 50 # of Customers 18 # of Customers 9 

% of Total Profit 1% % of Total Profit 3% % of Total Profit 27% 

Average Margin 19% Average Margin 20% Average Margin 20% 

Segment 9 Segment 6 Segment 3 

# of Customers 154 # of Customers 33 # of Customers 11 

% of Total Profit 0% % of Total Profit 2% % of Total Profit 5% 

Average Margin 4% Average Margin 6% Average Margin 9% 

Order Characteristics 
Appendix 4 (Segment Characteristics) shows the characteristics of the orders per segment. There are 

many characteristics which we could look at, per order CoBu keeps track of more than 170 different 

metrics. It is very time consuming to discuss them all. Therefore, it was decided to only consider some 

of the most basic measures. Those measures are the order frequencies, order volumes, due dates, 

type of material ordered, and an approximation of the number of rush orders. The latter is added 

because it is one of the aforementioned business rules. 

First a look is taken at the order frequency. The number of orders placed seem to be directly related 

to the gross sales category of a segment. Customers in the low gross sales category have around 10-

20 orders, where the high gross sales customer category has over 400 orders per customer. 

Furthermore it should be noticed that the distributors in segment 10 also have relatively many order 

placements per customer. 

It seems that order volumes are very different between the segments. For example the distributors 

in segment 10 have on average one third of the order size of customers in segment 1. However, if we 

take a look at the boxplot in Figure 10, the differences in volume per order are not directly visible. 

This was also tested using an ANOVA analysis. The results can be found in the appendix (page 63). 

The main outcome is that there is a significant difference between the segments. However, the 

segment reduces only a small part of the randomness, as the R-squared is very low (R-

squared=8,15%). The only segment with a clearly different order size is the segment of the 

distributors (segment 10). This can be seen in both, the ANOVA analysis as well as in the boxplot of 

Figure 10. Notice that group 11 in the boxplot are the customers from which the margins and gross 

sales were unavailable. 
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Four umbrella types of products can be separated at CoBu; this separation is based on manufacturing 

strategy, and packaging type. Those are also the categories for which CoBu handles different 

‘standard order ready to ship’ times. Figure 9 shows what types of products the customers in the 

different segments are ordering. Most segments show similar patterns, for which it becomes hard to 

make any useful statements about the presented figures, though most interesting points are that 

segment 3 is ordering mainly packed and that all segments are ordering mostly MTS products. Which 

might seem straightforward, as those are the products with high demand. Moreover, the low order 

sizes of the distributors can largely be explained from the high percentage of packed products they 

order. More than 80% of their orders issue packed products.1 

For the due dates we look at the ‘requested order ready to ship’ time (ORTSrequested), recall that this 

measure is the requested lead time minus the required transportation time to reach a customer. This 

measure is therefore comparable between the customers. At first sight no concrete difference is 

observed between the requested ORTS-times. For all segments the average ORTSrequested seems to 

be located around 10 days. An ANOVA analysis (page 66) showed that most of the segments are 

significantly different. However, as we can see from the boxplot in Figure 10, those differences are 

very small. 

Figure 10 Boxplot of Delivered net weight per order in KG and the ORTSrequested per segment (Source Minitab) 

It is also interesting to look at the rush orders placed by the customers of the different segments. At 

first sight the number of rush orders seem to be very low. The number as represented in Appendix 4 

(Segment Characteristics) is based on the orders defined as a rush order in the SAP-system. 

According to the data only 65 customers placed a rush order during 2014 and 2015. However, as one 

of the sales directors explained, most rush orders are not defined as a rush order in the system. 

                                                                    
1 Appendix 7 (Order Analysis) shows the difference in order size between packed and bulk orders 
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Therefore the number of hidden rush orders is probably significant. As this data is most probably 

incomplete, we should be careful to draw conclusions based on the presented data (Customer Service 

Business Team Leader Coating EMEA, 2016). It seems as though rush orders are placed by customers 

in all categories. Moreover, it seems as that a very select group of customers is placing rush orders. 

Especially the first observation is remarkable, as low margin customers are apparently placing 

relatively many rush orders. 

Performance Characteristics 
At last we will look into the current performance measures of the different segments.  First it has to 

be decided which measures are of interest.  At the start of the project it was already defined that the 

delivery performance is the performance measure of interest (Improvement Leader, 2015). To 

evaluate the current delivery performance we will first look at the delivery fill-rate. The delivery fill-

rate describes the percentage of the demand which was fulfilled on time. The delivery fill-rate is 

calculated as follows:  

𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝐹𝑖𝑙𝑙 − 𝑅𝑎𝑡𝑒 =
# 𝑜𝑓 𝑂𝑛 𝑇𝑖𝑚𝑒 𝑜𝑟𝑑𝑒𝑟𝑠

# 𝑜𝑟𝑑𝑒𝑟𝑠
 

Note that this is a slightly different definition than the one used by for instance De Kok (2002). He 

refers to the amount delivered directly from stock, which means that an order can be delivered 

partially on-time. However, here we specifically look at the performance considering the total order. 

In order to determine whether an order is on time, CoBu is using two requested delivery dates. The 

(1) requested delivery date first is the initial delivery date as requested by the customer when arriving 

in the system. As this date is not always feasible, another delivery date can be proposed by CoBu. 

Based on this date the customer proposes a (2) requested delivery date last. The requested delivery 

date last is not per definition later than the requested delivery date first. Customers sometimes place 

orders far in advance, after which they might want to advance an order.  The delivery performance in 

Appendix 4 (Segment Characteristics) shows the percentage of orders delivered before or on the 

requested dates. The fill-rate based on the requested date first is poorer than the one based on the 

requested date last. This is as expected, as the latter takes into account the feasibility of the 

requested date in the system. Moreover, the latter date is the one as agreed upon, so the system aims 

to fulfil the order on that last day. It can be observed that the fill-rate of the high margin segments is 

better than on the low margin segments. And also a high gross sales means usually a better fill-rate. 

Another measure for delivery performance is the lead time or in this case the ORTS-time. Note that 

we are in this case looking at the ORTS time as requested by the customer (ORTSrequested) and not the 

standard ORTS-time as defined as minimum (ORTSminimum). We are especially interested in the 

difference between the first request and the approved last request. The ORTS-times were already 

shown in Appendix 4 (Segment Characteristics), from which some small differences between the 

segments were observed. However, this does not show what extra time is added between the initial 

request and the last request. Therefore, we looked at the difference between the requested delivery 

date first and the requested delivery date last. 

∆𝑡𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑 𝑙𝑎𝑠𝑡−𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑 𝑓𝑖𝑟𝑠𝑡 =
∑(𝑡𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑 𝑙𝑎𝑠𝑡−𝑡𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑 𝑓𝑖𝑟𝑠𝑡)

# 𝑜𝑟𝑑𝑒𝑟𝑠
  

The results of this last measure are shown in Appendix 4 (Segment Characteristics). It is interesting 

to see that also in this measure the high margin segments are showing a better performance than the 

low margin segments. The best example is segment 3, in which customers have usually 4 or 5 days 

delay between their first and last request. A possible explanation can be found in the location of the 

different customers. The aforementioned customers of segment 3 and 6 are mainly based in Africa 
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and the Middle-East (appendix, Table 13). The difference in ORTS-time seems therefore dependent 

on the ship-to location. An explanation for the difference in the measure could be that the carriers 

require extra planning time for those customers. Another observation is that high valuable customers 

already have a very good performance. This is most probably due to the forecast accuracy for those 

customers. 

5.3 SEGMENT TARGETING 
The targeting step of the segmentation refers to the decision on segment importance. During this 

step the segments are compared and the most important segments are separated from the 

unimportant segments. This targeting is used at a later stage to determine actions for the different 

segments. The sub-question which belongs to this part is: 

How attractive is each segment and which segments should therefore be targeted? (RQ1c) 

The initial segmentation framework as presented in Figure 8 already gives a good indication of the 

targeting in this framework. Green reflects important segments in this figure, where red segments 

are not-important. Also if we look at the previous segment characterisation step this targeting 

remains logical. The greener segments are indeed most valuable. Which is very logical if we consider 

the segmentation variables. 

5.4 SEGMENT POSITIONING 
The last step as defined by Kotler (1994) is the segment positioning step. In this step the actual supply 

chain setup has to be determined for the segments. The corresponding sub-question is: 

What services should be offered to which segment and how should the processes be shaped to allow for 

those offers? (RQ1d) 

First it should be determined if we agree on the current business rules. Currently, CoBu is applying 

differentiated rules for the carrier selection, rush order acceptance, and volume penalties. 

Implementing the customer segmentation framework in these rules would be simple, but adjusting 

or changing the rules would require extra effort. The question is if we can come up with rules which 

are actually so beneficial that they overcome this extra effort. Moreover, it is possible to take new 

rules into consideration. In this report two of such new rules are going to be discussed, the 

differentiated standard ORTS-time and the differentiated fill-rates. 

Carrier Selection 
For the carrier selection it is important that valuable customers have reliable and safe carriers 

(Purchasing, 2016).  Moreover, future profit should not be lost as a result of customers switching to 

competitors because of long transportation times (Logistics Director, 2015). The current system is 

built around those two objectives. Customer segmentation initiatives are embedded in the carrier 

selection process at two stages. The strategic important customers receive only high performing 

carriers and the account managers can veto a proposed longer transportation time, despite the 

corresponding additional costs. The idea behind those rules is that important customers are pleased 

by receiving high service. Moreover, the risk of losing them as a result of incapable carriers is reduced. 

Account managers can predict best how a customer would react on longer transportation times, 

wherefore they should be involved. 

The issue at stake here is whether another rule would be better. We could not come up with such a 

better rule than the rules currently applied. Therefore, it was chosen to keep those rules in their 
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current form. However, personal differences between account managers are having their impact on 

the current policy. Where the one account manager would veto, the other would not. This 

inconsistency could be reduced when the account managers are using one framework as a starting 

point. Using this framework combined with their detailed knowledge of the customer could improve 

their decision making. 

Rush Order Acceptance   
The rule for rush order acceptance should fit the following, namely (1) all customers should be able 

to place a rush order if they are in real need, (2) a valuable customer should not switch to a competitor 

because of rush order penalties, and (3) the number of rush orders has to stay limited. (Customer 

Service Business Team Leader Coating EMEA, 2016) 

The current policy works with two groups of customers, namely (1) Customers who have to pay for 

placing a rush order, and (2) customers who can place rush orders for free. Whether a customer is 

assigned to the second group is decided by one of the sales directors. Based on the segment 

characterisation it seems as though rush orders are placed by a very select group of customers 

ranging over all segments, recall Appendix 4 (Segment Characteristics). For rush orders a trade-off 

exist between an increased complexity in the system - the process is managed manually - and the 

customer satisfaction. At this point rush orders are no real issue, as CoBu is able to manage the 

increased complexity. The only additional costs is the extra time required by the employees when 

receiving an order, managing logistics, and planning the plant. However, as the number of rush orders 

increases, the manual handling can become infeasible and confusing. Therefore, a very strict policy 

for rush order acceptance is preferred. 

As some customers explicitly require rush orders, the current rule with two groups remains advisable. 

However, it can be questioned whether low margin customers should receive a so called ‘rush order 

allowance’. Appendix 4 (Segment Characteristics) seems to imply that this is currently the case. The 

framework could be used to have a more independent perspective onto whom to provide with this 

privilege. 

Volume stimulation 
Small orders have their impact on the CoBu system. Those orders require the same handling and 

transportation effort as regular orders, without having an equal turnover. By stimulating customers 

to increase order volumes, CoBu can overcome this undesired situation. 

In 2014 a large consultancy firm was contacted to investigate this problem. They came up with a 

volume penalty for customers placing less than full truck load orders. The extra handling and 

transportation costs are overcome in this case. In the proposed version of a large consultancy firm, 

all customers were bounded to this rule. However, in real live, it is the account manager who decides 

for which customers penalties are used. The idea behind this selective procedure seems to be that 

important customers should not be confronted with extra rules and the thereby coming bureaucracy. 

The rule as defined by a large consultancy firm would probably solve the small volume problem, 

although it could be questioned whether this is the optimal policy. A look at literature learns that a 

volume discount is a more commonly used principle. However, a discount would initially result in 

additional costs or higher standard prices. That is also most probably the reason why a large 

consultancy firm obtained for a penalty instead of a quantity discount. Because of the ease of the 

penalty implementation, this rule is preferred. Question left is for which customers the account 

managers should use a penalty and for which customers not. This is what the framework could be 

used for as a tool. 
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Manufacturing Strategy 
On the one hand, CoBu tries to keep inventory levels low, as low inventory levels result in low 

inventory holding costs. MTO production is very useful in that sense, since no stock is kept when this 

policy is used. However, on the other hand, CoBu is not able to produce all products in a MTO way. 

Each production run requires a setup, which takes time and as production capacity is limited and 

setups are costly, some products need to be manufactured using the MTS strategy. Another 

advantage of this MTS strategy is that delivery lead-times are substantially reduced; customer orders 

are directly fulfilled from available stock. 

The current system focusses solely on total product demand. The customer importance is not in 

scope. Focussing on the total product demand is logical as the products with high demand would – in 

case of an MTO strategy – require many production runs. Moreover, the product turnover will be high 

for those products. A drawback of this policy is that the lead-time advantage of the MTS-policy is not 

per definition allocated to the most valuable customers. However, as we already saw previously, 

valuable customers are at the moment already demanding mainly MTS products. The current ‘one 

size fits all’ strategy is not disadvantageous for this customer group. This means that the ‘one size fits 

all’ strategy does not require to be adjusted in this case. 

Order Ready to Ship times (ORTSminimum) 
The next business rule to look at is the ORTSminimum. In the current situation a standard rule for all 

customers is used, but the idea is that a differentiated rule might have its advantages. The only thing 

is that it is not yet clear what advantages. 

CoBu differentiates four ORTSminimum, namely based on packed and bulk, and on MTO and MTS 

products. The MTS materials will be investigated in the remainder of this report. Due to time 

constraints the MTO materials policy is not discussed here. This policy will only shortly be discussed 

in the discussion chapter of this report. 

Fill-rate Target Levels 
As mentioned before, CoBu is employing targets for their delivery performance. Those targets are 

currently equal for all customers. When the targets for some of the customers are lowered, the 

inventory levels could probably be reduced. However, detailed knowledge about the impact of such 

a policy currently lacks. This information is essential before deciding whether to use differentiated 

targets or not. This is also investigated in the remainder of this report. 

5.5 FRAMEWORK IMPLEMENTATION 
The framework has been set and the different rules have been discussed. It is possible to add other 

business rules at a later stage, but for now we will stick to the ones discussed up to this point. The last 

issue is to decide on the setup of the different business rules. The idea is that this is decided by the 

internal stakeholders involved. The decision about the business rule setup should be reoccurring and 

can for instance take place on a yearly basis. This is also preferred in the CoBu case, as account 

managers are negotiating with their customers on a yearly basis. Before the account managers enter 

the negotiations some clear differentiation rules should be determined. Those rules are set during a 

meeting with the various CoBu stakeholders by using the framework. They together determine the 

supply chain setup for the different customer segments. A possible outcome of such a meeting is 

presented in Table 4. An overview of the proposed process is shown in Figure 11. 
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Table 4 Example of Supply Chain setup with new segmentation framework 

CARRIER 
SELECTION (1) 

The strategic customers as proposed by the businesses should be limited 
to customers from segment 1 , 2, or 10. 

CARRIER 
SELECTION (2) 

Account managers keep their right to veto extra transport days due to 
Inter-modal transport. However, they all receive a proposal in which it is 
clarified where their customer is located in the framework and which 
segments should receive priority. Preference segments are 1, 2, 4, 7, and 
10. 

RUSH ORDER 
ACCEPTANCE 

All customers should pay the standard fee for rush orders except 
customers who sometimes require shorter lead times and are in segment 
1, 2, or 4. 

VOLUME PENALTIES Volume penalties should always be discussed with customers in segment 
10. In other cases it should only be discussed when it specifically applies 
on a customer. In other words, when a customer often place very small 
orders a discussion is desired. 

ORDER READY TO 
SHIP TIME (ORTS-
TIME) 

The segments 1 and 2 could be offered a shorter ORTS-time than the 
other customers. However, it is yet unclear what effect this could have for 
CoBu and the different customers, compared to one ORTS-time for all 
customers. This in combination with the target delivery performance 
differentiation is what will be discussed in the remainder of this report. 

TARGET DELIVERY 
PERFORMANCE 

The segments 1 and 2 could be offered a better delivery performance 
than the other customers. However, before deciding on such a rule it is 
important to have more insights in the effect of this policy on the system. 
This in combination with the ORTS business rule will be discussed in the 
remainder of this report. 

 

 
Figure 11 Segmentation Cycle  
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6 MODEL 

The forthcoming question from the previous section is whether there are more business rules 

applicable for customer segmentation besides the carrier selection, rush order acceptance, and 

volume penalties. In the remainder of this report two of such business rules are investigated, namely 

differentiating the standard ORTS-times (ORTSminimum) and differentiating the target fill-rates. Recall 

that the ORTSminimum is the minimum time between the arrival of an order and the requested 

shipment date. In order to investigate the impact of those business rules a simulation model was 

developed. After introducing the two alternative business rules this simulation model is described in 

detail. The simulation model is based on the planning and scheduling process of the MTS products. 

6.1 INTRODUCTION OF THE TWO ALTERNATIVE BUSINESS RULES 
Business Rule 1: Differentiate the Standard Order ready to ship times/lead times (ORTSminimum) 
The current ORTSminimum of CoBu is two days for MTS products and is mainly based on the time 

required by the external carriers. Those carriers require this time to plan and schedule their transport. 

This is most probably a situation which occurs in most businesses. In order to be able to plan and 

schedule some minimum time is required. However, the question is what would happen when this 

time is extended for some segments. It can be expected that this has its effect on the supply chain 

performance. The problem is that the effect of different lead times is not straightforward and 

therefore remains vague. This is more closely investigated in the upcoming chapters. The first 

question to answer is what areas are affected by a differentiated lead time offered and how those 

areas are affected. The corresponding sub-question is as follows: 

How could differentiated ‘standard order ready to ship’ times affect the current supply chain 

performance? (subQ2a) 

The transportation performance is clearly an area which could be affected by another ORTSminimum-

policy. The current ORTSminimum setup for MTS products is largely based on carrier requirements. 

Adjusting the setup can therefore be expected to have its impact on the transportation performance. 

Think about lower transportation costs if you extend the planning horizon for a carrier. In order to 

determine what impact this change has, the logistics service department of ChemCo was consulted. 

This department is responsible for contracting the external carriers at ChemCo and is therefore best 

informed about the expected impact of a differentiated ORTSminimum on transportation. The consult 

resulted in the following: 

 Lower ORTSminimum would be unfeasible, as carriers are not able to manage transportation 

within less than two days. Only against very high prices carriers could agree to such a new 

policy (Purchasing, 2016). 

 Longer ORTSminimum might have a minor positive impact on delivery performance. However, 

this is not expected to be substantial. The transportation costs will not be affected by a longer 

planning time (Purchasing, 2016). 

For transportation purposes, it can be concluded that a differentiated ORTSminimum will not have any 

advantage over the current rule. Having a shorter ORTSminimum for important customers will result in 

substantial extra costs, where a lower ORTSminimum for unimportant customers will have no impact on 

transportation costs. In other words, the current two days ORTSminimum is from transportation 

perspective ideal. 
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Another area we could look at is the product availability performance. A direct result of longer 

ORTSminimum is that due dates will be delayed for some segments. This might influence the fill-rate 

performance and thereby the required inventory levels. This can best be explained by a simple 

example. 

Take an (R, s, Q)-policy with a review time R, a reorder point s, and an order size Q. In this policy every 

moment R a decision is taken about placing an order or not. At point R, the inventory position is 

compared to the reorder level s; the inventory position shows the on-hand inventory plus outstanding 

orders minus backorders. If the inventory position is below level s, an order of n times Q is placed. In 

this case n is a number necessary to bring the inventory position above level s. Backorders are served 

as soon as stock comes available. 

Usually it is undesired to let customers wait for their products. Therefore, as the reorder level has a 

direct impact on the product availability, the reorder level s should be of a certain amount. When the 

reorder level is very high, a replenishment order is placed at an early stage. Therefore, the new 

replenishment arrives before on-hand inventory drops to zero. In the opposite case, when the reorder 

level is very low, a replenishment order is placed at a late stage. The on-hand inventory is already low 

when ordering the replenishment. As the new replenishment order does not immediately arrive and 

initial on-hand inventory is low, the on-hand inventory is most likely to drop quickly to zero during 

the replenishment lead time. A simple solution would be to keep a high level s, however, this results 

in high inventory holding costs. In other words, there is a trade-off between the reorder level s and 

the fill-rate performance. 

Janssen et al. (1996), Silver et al. (1998), and de Kok (2002) describe how the above policy could be 

modelled and optimized. They used a target fill-rate to determine the optimal reorder level s. The fill-

rate is the percentage of products which can be delivered directly from stock. Figure 12 shows an 

example of the fill-rate compared to the required reorder level s. This figure is based on the models 

from de Kok (2002) with normally distributed demand during lead-time. The figure is in line with the 

previous explanation that higher reorder levels result in better fill-rate performances. The red-line in 

Figure 12 assumes that orders should be fulfilled directly upon arrival. The agreed response time 

would equal zero in this case. Let us consider the same situation, with one difference namely that the 

agreed response time equals four. In other words, a delay of four days is allowed. The trade-off 

between the fill-rate and the required reorder point is represented by the orange line which is also 

presented in Figure 12. The difference between the two situations equals exactly 400 products for 

every fill-rate. This corresponds to the expected demand during the four days of agreed response 

time. A simple explanation is that demand uncertainty does not change as a result of the agreed 

response time, the only thing changes is the expected demand due during lead time. In this case 

demand has to be fulfilled within the agreed response time. The example shows how the reorder level 

is dependent on the agreed response time.  

This is the point where the differentiation problem comes into play. If the agreed response time is 

defined per segment, each segment setup might require another reorder level s; ideally the inventory 

holding policy is structured in such a way that the target fill-rate of both customer groups is achieved 

with minimal stock. If we take the example of Figure 12 this would mean that we structure the process 

in such a way that the reorder level is somewhere in the yellow field, when fill-rates would be 98%. 

Note that this is the case when accumulated demand from both groups equals the initial demand 

from one group. 
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Figure 12 Example of impact ORTS-time on inventory level, for parameter settings see appendix 

 

 

 

 

 

 

 

 

 

 

 

The (R, s, Q)-example shows that there can exist a discrepancy between the reorder-point when 

customers with different agreed response times arrive. However, this agreed response time is not 

directly translatable to the CoBu ORTSminimum case. After all, the ORTSminimum shows a minimum time 

and not an agreed response time. Nevertheless, if the minimum time is increased for all customers or 

a customer category, the same principle holds that this most probably affects the optimal reorder 

levels. Considering the (R, s, Q)-example even indicates that a differentiated ORTSminimum might be 

very profitable. The remaining question is whether this is also the case for CoBu. This will be tested 

within the following Chapters. 

Business Rule 2: Differentiate the Fill-rates 
In the current supply chain setup of CoBu the target levels of the delivery performance are equal for 

the different customers. Stock rationing literature already showed that a differentiation of this level 

can be used to reduce inventory levels. This can also be seen from the simple (R, s, Q)-example as 

shown in Figure 12. This example shows how different fill-rates require different reorder levels. The 

question is of course whether the reduced inventory levels out-weight the reduced service. However, 

in order to make a decision about this we first need to approximate the impact on the inventory levels. 

The corresponding research question is as follows: 

Should CoBu use different target fill-rates per customer segment? (RQ3) 

The first step is to decide how the system should be designed such that customers receive different 

service levels. As mentioned before, a stock rationing model is most applicable to obtain such 

differentiated target levels. It is important that the model fits within the CoBu supply chain, as this is 

the eventual location where the renewed process is going to take place. 

How could the CoBu inventory system be redesigned in such a way that different target fill-rates are 

included? (subQ3a) 

In this case it is basically chosen to use the same stock rationing policy as proposed by Nahmias et al. 

(1981). This means that two customer groups are distinguished. The first valuable group will be 

referred to as gold customers, where the remaining customers are referred to as silver customers. 

Customers of the silver category are only served as long as on-hand inventory is above level K. The 
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moment that the inventory drops below this level K all orders from the silver customers are 

backordered. The gold customers are served as long as on-hand inventory is available. The 

backorders are in this case served using a First-Come-First-Served (FCFS) policy. The latter shows the 

best fit with the direct feedback customers receive about the fulfilment of their orders. 

6.2 APPROXIMATIONS 
It was already touched before, but the available approximations for the above described business 

rules have their limitations. Nevertheless, aw brief discussion of those approximations is provided in 

this section. The model from de Kok (2002, p. PART V) has been used as a starting point. This model 

shows an approximation for the service levels within an (R, s, Q)-model assuming normal or gamma 

distributed demand during lead-time. In this case the models for discrete time situations with gamma 

distributed demand during lead time were used, as this fits a fixed daily schedule best. The latter will 

become clearer when the simulation model is explained. The approximations also have some 

drawbacks. First of all, the demand arrival of two customer groups is not taken into account. In order 

to use this approximation those factors should be combined somehow. Moreover, another drawback 

is that this approximation does not account for orders with due dates. 

The arrival of demand from two customer groups requires some extra approximations. The problem 

is that it is not possible to simply sum both demand arrival processes into one. However, if normally 

distributed demand is assumed, this could easily be done as the means and variations can be 

summed. This is what is assumed in this situation as well. In other words, the demand arrival process 

is assumed to be normally distributed, where the demand during lead time is assumed to follow a 

gamma distribution. 

This leaves the problem of the lack of due dates in the approximations from de Kok (2002, p. PART 

V). First a look is taken at the case that all customers have one and the same requested Order Ready 

to Ship-time (ORTSrequested). This ORTSrequested does not have any impact on the duration of the 

production lead time and review time. Therefore, it can be concluded that the demand uncertainty 

during this period remains unaffected. However, the replenishment order will be placed at an earlier 

point in time, namely ORTSrequested time-units earlier. As the order is placed earlier, the replenishment 

order will also arrive at an earlier stage. As the replenishment order arrives ORTSrequested times earlier, 

no expected demand for this period should be kept. 

𝑠𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 = 𝑠𝑑𝑒 𝐾𝑜𝑘 − 𝐸(𝐷ORTSrequested) 

The sDe Kok is the reorder level as approximated without due dates. A drawback of the above 

approximation is that it assumes that the ORTSrequested is fixed. Moreover, the standard Order Ready 

to Ship-time (ORTSminimum) is not taken into account. It is very hard to add the ORTSrequested variability 

to the approximation. This assumption is therefore not relaxed, which means that the actual reorder 

level will be slightly lower in the approximation than it is in real life. After all, the variability increases 

in this case. As the ORTSrequested is assumed to be fixed, the ORTSminimum can easily be added to the 

approximation. As long as the ORTSrequested is higher than the ORTSminimum, the expected demand 

during the ORTSrequested should be deducted from the original reorder level. However, after the 

‘flipping’ point, the expected demand during ORTSminimum should be deducted from the original 

reorder level. This is also shown in the approximation below: 

{
𝑂𝑅𝑇𝑆𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑 ≥ 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚: 𝑠𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 = 𝑠𝑑𝑒 𝐾𝑜𝑘 − 𝐸(𝐷ORTSrequested) 

𝑂𝑅𝑇𝑆𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑 < 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚: 𝑠𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 = 𝑠𝑑𝑒 𝐾𝑜𝑘 − 𝐸(𝐷ORTSminimum)
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The next step is to see whether it is also possible to approximate the reorder levels in the stock 

rationing case, business rule 2. As already shown in the relevant literature chapter, this is very 

complex. However, some minimum and maximum levels can be found by using the approximations 

from de Kok (2002, p. PART V) and combining those with logical reasoning. The minimum and 

maximum levels are nowhere used in the remainder of this report and are therefore presented in 

Appendix 10 (Approximate minimum and maximum stock rationing). 

The approximations are used as a starting point while testing the simulation model. 

6.3 SIMULATION MODEL 
The simple (R, s, Q)-example showed that different ORTS-times and fill-rates require very different 

reorder levels. It seems therefore possible that major improvements can be made when different 

ORTSminimum and fill-rates are applied. However, the approximations as presented before are limited 

and complex systems as the one from CoBu do not particularly fit those approximations; The CoBu 

process has demand with due dates and variable order sizes. Therefore we will make use of simulation 

modelling to approximate the effect of the new policies with different ORTSminimum-times and fill-

rates. An additional advantage of simulation modelling is that we can use historical demand while 

testing new policies. By use of a case study it can be proven that the alternative policies work. The 

simulation model should allow for answering the following research question: 

Does the reduced stock levels out-weight the reduced service? (subQ2c and subQ3c) 

As you will see, CoBu is making use of a very complex planning and scheduling process. Therefore, 

several assumptions have to be made. To justify the decisions taken we will make use of the 

simulation modelling framework of Tolk et al. (2013). This framework was previously discussed in the 

method chapter, see Figure 6. The framework consists of a reference step, a conceptualization step, 

a simulation step, a validation step, and a verification step. During the first reference step the system 

is described in detail. This step may include contradictions, or vague processes. This reference step is 

comparable to a very detailed AS-IS description of the current planning process. The next step is to 

make the process concrete. This is the conceptualization step. During this step the system is 

translated into a model with no contradictions or black boxes. This conceptual model is also 

translatable to an actual simulation model. At last the model has to be validated and verified. 

6.3.1 Reference Model 

The reference model describes the processes from the different viewpoints, perspectives, and roles. 

The reference model includes therefore many discrepancies. In the conceptual model those 

discrepancies will be taken away. The stakeholders in the planning and scheduling process of CoBu 

are shown in Figure 13. The stakeholders together are influencing and taking the final production 

decisions. The stakeholders are introduced below: 

 Business marketing & Sales: They estimate the customer demand based on market trends. 

Based on the estimated demand they determine the type and quantities of products sold per 

location. In this role Business, marketing & sales also generates the so called ‘Marketing and 

Sales Plan’. 

 Business Sales & Operations planning: They keep track of the long term feasibility of the 

‘Marketing and Sales Plan’. Moreover, high level decisions about inventory levels and source 

locations are developed by this team. The team can be seen as the high level supply chain 

management team. 
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 Supply chain planner: The planner takes part in the meetings with the previously discussed 

two teams. He communicates to the various schedulers what they should plan by telling them 

the expected demand per product. He can be seen as the distributor of the total workload. 

Moreover, the planner keeps track of the processing of the plans and if necessary makes 

some adjustments. 

 Scheduler: The scheduler makes the actual production schedule, replenishment schedule, 

orders raw materials, and all other things which require scheduling. The responsibilities of a 

scheduler can differ per plant or reactor. Sometimes the above responsibilities are split over 

several schedulers. 

 

Figure 13 Stakeholders in planning and scheduling process CoBu 

The production planning makes use of several timeframes. Up to 36 months in advance the teams are 

evaluating the available capacity against the forecasted demand. In case of inequalities, the 

marketing and sales group is asked to reassess the marketing strategy or re-evaluate the forecasted 

demand. If the capacity and expected demand fit, the planner and scheduler come into play. They 

work with a 16 week timeframe. The 16 week timeframe can be split into a 0-3 week timeframe and 

a 3-16 week timeframe. The 3-16 week timeframe assures that enough capacity remains for the MTO-

orders arriving in the system during week 0-3. When several production runs of MTS products are 

expected in a week, only a little time for MTO-orders is left. In that case the production of the MTS 

products can be advanced. Every Monday the production planning is set for that week. In other 

words, the weekly production schedule freezes at Sunday midnight. (ChemCo TrainingsCenter, 2015) 

For bulk-MTS materials some kind of (R, s, Q)-policy is used. This policy has already been explained 

previously. The review time R is 7 days for bulk products in the CoBu case. The standard reorder point 

s for the planner and scheduler is 6 days of expected demand (Manager, 2015). This reorder level is 

relatively fixed (Planner and Scheduler of Plant, 2016). The production quantity, Q, is a little bit more 

difficult. According to one of the supply chain managers the policy looks more like an (R, s, S)-policy, 

as usually silos are filled to their maximum capacity (Manager, 2015). However, a scheduler explained 

that he looked at the forecasted demand for a certain period and the expected capacity for the 

upcoming period, based on those inputs he decided what to produce (Planner and Scheduler of Plant, 

2016). If available capacity for the upcoming weeks is expected to be low, the scheduler will produce 

more forecasted demand in advance than if capacity is largely available. When we take a look at the 

on-hand inventory of the materials the (R, s, Q)-policy seem to be the better fit. The on-hand 

inventory as presented in Figure 14 shows that the order quantity is most often of the same amount. 

Moreover, you cannot easily see an order-up-to level. Although we are looking at the on-hand 

inventory, which means that outstanding orders are not included in the figure.  
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Figure 14 On-Hand Inventory of bulk product CoBu 

The material from Figure 14 shows a relatively stationary demand. However, if we take a look at other 

materials a more seasonal pattern is visible. For those materials the forecasts become more 

important, as replenishment quantities will be more variable. 

The previous discussion of the replenishment quantity showed already that there are some different 

opinions about the planning and scheduling. This is probably also due to individual differences 

between planners and schedulers. One scheduler described how he sometimes changes his schedule 

even up to a day on forehand, even when the weekly schedule has already been set. Moreover, he 

argues that his reorder point is often higher than should, just to assure a 100% fill-rate (Planner and 

Scheduler of Plant, 2016). In the end scheduling is about a planner and scheduler looking at their excel 

sheets, when inventory drops below a point they desire, they start producing. This point is officially 

based on 6 days expected demand, but it appears that gut feeling and own interpretations are also 

important. Another difficulty is that not all reactors are solely used for CoBu materials. Therefore, the 

available capacity can vary when other businesses require reactor capacity as well. (Planner and 

Scheduler of Plant, 2016) 

An aspect which needs to be included in the model is the order handling. The new policy will impact 

the order handling of CoBu. However, the current situation can probably be largely copied to the 

system which includes the new rules and policies. As explained before, when an order arrives, the 

requested date is checked according to the ORTSminimum. Subsequently, the feasibility of the order is 

checked in a system called ATP (available-to-promise). ATP checks if there is enough stock to fulfil 

an order, or enough time to make sure that stock becomes available on time. When an order is 

infeasible, ATP proposes a new date, based on forward scheduling (ChemCo TrainingsCenter, 2015).  

Stakeholders involved within the CoBu process were using different definitions for the Order Ready 

to Ship-time (ORTS-time). The following definitions were identified: 

 Standard ORTS-time (ORTSminimum): The minimum ORTS-time as defined by CoBu. 

 Requested ORTS-time Initial (ORTSinitial): The requested ORTS-time by the customer for 

which it is not yet checked whether it fits the standard ORTS-time. 

 Requested ORTS-time First (ORTSrequested): The requested ORTS-time by the customer, after 

it has been checked against the Standard ORTS-time. 

 Requested ORTS-time Last: This is the last time as requested by the customer. This 

requested time takes into account the ATP feasibility of the order. 
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6.3.2 Conceptual Model 

The reference model showed a process of high complexity, the system can best be compared to a 

spider web of personal decisions, rules, and systems cooperating. To enable the construction of a 

simulation model we need to simplify the described process of the reference model. Therefore, the 

system was translated to two conceptual models. The two conceptual models describe two possible 

methods for processing arriving orders. In the first model (basic-model) all orders are accepted in first 

case and when they are due the order is served if possible. The second model (CoBu-model) 

determines immediately whether a requested order is feasible or not. If feasible stock is set apart, 

otherwise a backorder is created immediately.2 The CoBu system is best comparable to the second. 

For both models we had to make several assumptions. Those assumptions arise from the following 

modelling difficulties: 

 Problem 1: The production process is continuous, which means that part of a replenishment 

batch can be finished at day one, where the remainder of the batch is finished one day later 

at day two. 

 Problem 2: Scheduling largely depends on the gut feeling and personality of the scheduler 

and planner. Those are hard to embrace in a model. 

 Problem 3: The decisions about production volumes and moments are based on external 

factors like the expected availability of the reactor.  

 Problem 4: By using the ATP-system, a feedback loop is created in which order feasibility is 

checked on forehand. This feedback loop is hard to model.  

 Problem 5: The production schedule is based on several time-frames. Those time-frames 

overview future demand and capacity from a high level up to weekly demand and capacity 

on a low level. It is difficult to model this, as the simulation model also requires several layers 

in this case. Moreover, the long term time-frames are mainly based on capacity availability. 

This capacity availability on its turn depends on the overall demand in the system. This overall 

demand includes demand from other businesses 

To overcome those problems several assumptions are made. At first it is assumed that a batch cannot 

come available on different days (assumption 1). Moreover, it is expected that production finished at 

a certain day can be consumed by orders due at that same day (assumption 2). It is assumed that a 

new production schedule is always made at midnight. Therefore, when the production lead time is 

zero, the product will be available the subsequent day (assumption 3). Moreover, the production 

batch sizes are assumed to be fixed per product. In real live this amount is sometimes due to variation 

as a result of forecasted demand and capacity estimations (assumption 4). It is assumed that there is 

no feedback loop for incoming demand. Besides that it is very difficult to model such a feedback loop, 

does it also result in a misrepresentation of the system its performance (assumption 5). The current 

system makes use of several timeframes for the planning and scheduling decisions. Those 

timeframes are too complex to model. It is therefore chosen to only look at the production decision 

by assuming that the production time is randomly distributed (assumption 6). Those were some of 

the main assumptions, in the remainder of this chapter some additional assumptions can be found as 

well. The impact of the assumptions is further discussed in the Discussion Chapter. 

Basic-Model 
In the Basic-model orders are fulfilled when they are due, although prior arrived orders are taken into 

account when a replenishment order is placed. A hard requirement of the CoBu system is that carriers 

need to be informed about a delivery two days ahead. This hard restriction was also added to the 

                                                                    
2 Sometimes the stock reservation is postponed when the order due date is in the far future. 
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Basic-model. It was therefore assumed that orders are assigned to stock two days before they are 

actually due. In this way it is assured that stock is available when the carrier arrives. As the conceptual 

model of this Basic-Model is very similar as the hereafter presented CoBu-model, it is not discussed 

here. An overview of the conceptual model of the Basic- model can be found in Appendix 11 

(Conceptual Model of Basic-Model). 

CoBu-Model 
In this section the conceptual model of the CoBu-model is described. First, a general introduction is 

provided, after which the conceptual model is described step by step.  

General Introduction of conceptual model 
The conceptual model works on a daily basis. Every day a replenishment order can arrive or be placed, 

orders arrive, and orders are served. Most of the conceptual model is comparable to the (R, s, Q)-

model. Based on the process description of the scheduler and on-hand inventory levels, this was the 

most logical choice. There is a review time R, after which an order can be placed. This order is placed 

if the on-hand inventory dropped below reorder level s. Subsequently, the replenishment order of 

size Q is placed. This size Q is in the actual CoBu case not per definition fixed, but looking at the on-

hand inventory shows that some replenishment sizes are reoccurring more often. Those sizes are 

taken as size Q. The conceptual model differs from more standard models as CoBu orders arrive with 

different due dates. It therefore has to be decided how to deal with those order arrivals and how to 

serve them. 

As was described in the reference model, CoBu is providing customers with immediate feedback on 

their order feasibility. In other words, CoBu decides whether an order can be fulfilled as requested or 

fulfilled with a delay when the order arrives. This implies that stock is set aside for orders to assure 

delivery. This should somehow be implemented in our conceptual model as well. In the conceptual 

model this is called a stock reservation. However, CoBu is not actually reserving stock on-hand for all 

customers. This would be very stock intensive, as some orders are placed far ahead with a requested 

delivery date in the far future. It is also therefore that CoBu is making use of its 16 week timeframe. 

This timeframe already indicates when new replenishments arrive, which is useful to decide whether 

stock has to be set aside for an order. We are not making use of a 16 week timeframe, so we had to 

come up with another way to approach this system. This was done by making a stock reservation for 

orders which are due before the earliest expected new replenishment arrival. Note that the stock 

reserving property is also the main difference between the Basic-model and the CoBu-model. 

Detailed description of conceptual model 
Based on the assumptions and the reference model it is possible to make a daily process overview of 

the conceptual model. This daily overview is shown in Figure 15. The daily process approaches the 

current system. 

 

Figure 15 Daily Process of CoBu-model (Conceptual Model) 
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The steps are explained as follows: 

1. Replenishment Arrival: This process only occurs when a production order was placed 

previously. In real life the replenishments will arrive over the day. This is very complex to 

model. It was therefore decided that replenishments arrive at the start of each day. This 

means that the orders due on that day can be served from the replenishments arriving on the 

same day, recall assumption 2. 

Directly after a replenishment arrives, backorders are served. The backorders are served in a 

First-Come-First-Served (FCFS) manner. This seems in line with the CoBu system, in which 

customers receive previous information about the fulfilment of their order. It is therefore 

most logical that a customer is also informed about the expected delivery date when his order 

is backordered. 

2. Orders Arrive: The orders arrive on a daily basis. All arriving orders are set into the system. In 

this case we assume that the initial requested due date remains. In other words, there is no 

feedback loop in which feasibility of the requested due date is checked, recall assumption 4. 

In this way the performance of the system is based on the first requests, instead of the 

reassessed last requests. This is expected to give a better view on actual differences of the 

new and old policies/business rules. 

3. Serve Orders: This is the point where stock is picked for the customers. The orders due are 

selected and served. 

4. Place New Production Order: The last step is to place a new production order. This step is 

only considered once every R time units, as we are working in an (R, s, Q)-policy. During this 

step it is decided whether a production order is needed and what amount to produce. 

Moreover, stock is reserved for orders which are due in the upcoming week. 

As can be seen, the daily overview is roughly separated into four steps. Each of those steps will be 

discussed in more detail hereafter. 

Replenishment Arrives 
New replenishments arrive at the beginning of the day, recall assumption 2. Directly after arrival the 

replenishment order is added to the current on-hand inventory. Subsequently, all backorders are 

served as long as stock on-hand lasts. Note that backorders are not per definition late, since 

backorders are created when a stock reservation should be made and not when the order is due. The 

replenishment arrival process is shown in Figure 16. 

 

Figure 16 Replenishment arrival process 
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Orders Arrive 
The next process is the order arrival process as shown in Figure 17. This is also the process where the 

Basic-model and the CoBu- model diverge. In the CoBu-model stock is reserved for orders, to assure 

on-time delivery and to enable direct feedback on order feasibility. In contrast, the Basic-model is not 

working with such a policy. 

 

Figure 17 Order Arrival Process 

1. Check Due Date: When an order arrives, the ORTSrequested of the order is checked. If this date 

lies within the expected earliest arrival of a new replenishment order, than a stock reservation 

is made. Otherwise the reservation decision is postponed and the order is put on an 

‘upcoming order list’. The expected earliest arrival of a new replenishment order is the time 

until the new review moment plus the expected replenishment or production time. 

2. Check available inventory: After the ORTSrequested is checked and the ORTSrequested lies before 

the earliest arrival of a new replenishment, than stock can be reserved for that order. 

However, if stock is unavailable, a backorder is created. This backorder will be served when 

new stock comes available. Note that a backorder is not per definition a late order, as stock 

reservations are made before the order is due. Therefore, the possibility remains that new 

stock arrives in-between. 

3. Make stock reservations: The last step is to make a stock reservation. This is done when on-

hand inventory is available. At this point the stock is reserved and therefore not available for 

consumption by other customers from this point on. Note that it is also possible that only a 

part of an order can be reserved and that the remainder is backordered. 

Serve Orders 
After processing the incoming orders, the orders due are served. It is in this step that stock is picked 

for the various customers and that orders are served. As we are working with stock reservations, no 

backorders are possible at this point. This is shown in Figure 18. 

 

 

 

 

Figure 18 Serve Orders (Conceptual Model) 
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Place New Replenishment/Production order 
As we are using an (R, s, Q)-policy, a new replenishment order of size n*Q will be placed at review 

moment R if the inventory position has dropped below reorder level s. The inventory position takes 

into account the upcoming orders of the next period, outstanding orders, stock on-hand, reserved 

stock, and backorders. An overview of this process is presented in Figure 19. 

 

Figure 19 Place Production Order/Replenishment Order (Conceptual Model) 

1. Reserve Stock of orders on the ‘Upcoming Order List’: Some orders were put on an ‘upcoming 

order list’ since their ORTSrequested was not close yet. Those orders are reconsidered at this 

stage. Orders due in the upcoming review period and the subsequent expected 

replenishment lead time are taken apart. For those orders stock is reserved or backorders are 

made. 

2. Check Inventory Position: During this step the inventory position is checked. At this stage the 

reorder level s is compared with the inventory position. The inventory position is the on-hand 

inventory, the outstanding orders, minus backorders and reserved stock. 

3. Schedule Production: Schedule a production based on the current inventory position and the 

required production quantity. 
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6.3.3 Process Redesign 

The eventual idea is to use the above described conceptual model and redesign it in such a way that 

we can test for the differentiated business rules. The redesigns are a twofold, differentiating the 

ORTSminimum on the one hand, and differentiating the target fill-rates on the other hand. Those 

redesigns are the result of the opportunities as spotted before. Below those business rules are 

discussed and translated into separate policies which can be implemented and tested in the 

conceptual design. 

Business Rule 1 – Differentiate lead times (the ORTSminimum
silver  time) 

It is investigated how the system would react on differentiated ORTSminimum times. This can be tested 

by keeping the current setup of the system and varying the 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑠𝑖𝑙𝑣𝑒𝑟 . The 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚

𝑠𝑖𝑙𝑣𝑒𝑟  is the 

‘standard order ready to ship time’ offered to silver customers.  Recall that customers arrive with an 

ORTSinitial. It is in this case expected that customers always agree with the ORTSminimum-time. Which 

means that the following holds: 

𝑂𝑅𝑇𝑆𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑 = max (𝑂𝑅𝑇𝑆𝑖𝑛𝑖𝑡𝑖𝑎𝑙 , 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚) 

The ORTSrequested is the date which is entered in the system and used during the simulations. As can 

be seen, when the ORTSminimum is increased, the ORTSrequested for orders with low ORTSinitial times will 

increase. When the ORTSminimum becomes extremely large, than all orders can be expected to take 

this same extreme value. It is assumed here that customers are never obtaining for a competitor as a 

result of the ORTSminimum. 

In the simulation model the ORTSinitial is either randomly generated or directly transferred from actual 

CoBu data. In case of the latter, the ‘order ready to ship time first’ is checked against the new 

ORTSminimum. 

Business Rule 1 and 2 combined–Differentiate lead times (the ORTSminimum
Silver   time) with stock rationing 

It is expected that differentiating the 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑠𝑖𝑙𝑣𝑒𝑟  has an immediate impact on the Basic-model. 

However, the positive impact on the CoBu-model is questionable. In this CoBu-model the fill-rates of 

the two customer categories are expected to diverge. Gold customer fill-rates are expected to be 

relatively unaffected by an 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑠𝑖𝑙𝑣𝑒𝑟  change. Where silver customers will have an increased fill-

rate. To keep a high fill-rate for gold customers you would require to keep up the same reorder-point 

as with the lower 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑠𝑖𝑙𝑣𝑒𝑟 . This means that the reorder-point is relatively unaffected by the 

new policy, but that on-hand inventory will only increase as a result of extra stock reservations. A 

solution would be to use stock rationing. By using stock rationing the fill-rate of silver customers can 

be reduced down to the desired point, as well as the reorder-point. This reduced reorder point might 

on its turn surmount the negative impact of the extra reservations. 

The policy will only be tested for the CoBu-model, as it will have very limited impact on the Basic-

model. Recall that the fill-rates in the Basic-model are in theory similar for both categories, as the 

fulfilment decision is made when the order is due. 

Implementing a stock rationing policy in the system requires an additional step in the order arrival 

procedure which was presented in Figure 17. For silver customers the inventory availability is checked 

against the allocation level K, instead of a check based on on-hand inventory. When the inventory on-

hand is below level K all orders from silver customers are backordered. 
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Business Rule 2 – Differentiate target fill-rates by stock rationing 
The previous mentioned policies were based on a differentiated ORTSminimum time. Offering 

customers different response times is a very explicit example of customer segmentation as customers 

are offered different lead times. Besides this differentiated ORTSminimum time it is also possible to 

differentiate more in the background. An example is by differentiating the fill-rate performance for 

different customer categories. In this case the ORTSminimum times are not different for the two 

customer categories.  Differing fill-rates is more or less described in the standard stock rationing 

literature. The effectiveness of stock rationing policies has already been proven, although not in a 

system comparable to the one researched in this report. If we find a substantial drop down of 

inventory, this policy might be considerable. Although, there is always the trade-off between 

customer service and cost reductions; the inventory drop should out-weight the reduced service. 

Implementing the stock rationing policy here works similar as discussed when lead time 

differentiation and stock rationing were combined. However, in this case the target fill-rates differ. 

In contrast, before the target fill-rates were equal, but as a result of the adjusted policy the actual fill-

rates diverged, which is subsequently corrected. The combination of different target-fill-rates and 

stock rationing can be expected to reduce the reorder level and therefore it might also reduce the on-

hand inventory. 

6.3.4 Simulation Model, Validation, and verification 

The actual simulation model was basically a translation of the conceptual models as described above. 

For the simulation Excel Visual Basics was used. The model was developed in excel 2013 running on 

Windows 10. 

The outcomes of the simulation model have been validated by using the models from De Kok (2002, 

pp. 5, PART V). The validation is shown in Figure 25 (appendix). This validation could only be executed 

for some very simple inputs. The usage of a reference step should ensure the verification of this 

model.   
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7 RESULTS 

In this chapter the most interesting findings from analysing the simulation models are presented. The 

findings arise from the comparison of a design of experiments, and a case study combined with some 

logical reasoning. The setup of the design of experiments can be found in Appendix 15 (DOE output 

Business Rule 1 and combination Business Rule 1 and 2) and also the setup of the case study is 

presented in the Appendix 17 (Case Study: Setup of test materials). The main findings were as follows: 

 Pipeline stock and replenishments placed at an earlier point in time undermine the positive 

impact of longer minimum requested lead-times for silver customers (ORTSminimum
silver ) 

 The advantage of stock rationing is limited because of order due dates and high 

replenishment quantities 

 Combining minimum lead time differentiation and stock rationing can reduce the On-Hand 

inventory 

 Systems without stock reservations outperform systems with stock reservations at order 

arrival 

The pipeline stock as described in the first finding includes the stock which is already reserved for a 

customer but not yet shipped. In the remainder of this chapter a more detailed description of the 

findings is provided. 

7.1 PIPELINE STOCK AND REPLENISHMENTS PLACED AT AN EARLIER POINT IN TIME 

UNDERMINE THE POSITIVE IMPACT OF LONGER MINIMUM REQUESTED LEAD-TIMES 

FOR SILVER CUSTOMERS (𝐎𝐑𝐓𝐒𝐦𝐢𝐧𝐢𝐦𝐮𝐦
𝐬𝐢𝐥𝐯𝐞𝐫 ) 

Intuitively longer minimum requested lead times should result in a reduction of on-hand inventory. 

This reduction is expected to follow from an extended planning and scheduling horizon, which on its 

turn makes that on-time delivery becomes less dependent on uncertainties and therefore results in 

lower safety stocks. Nevertheless, the actual system often works contra-intuitive. Extending the 

planning horizon by longer minimum lead times for silver customers does not automatically reduce 

the on-hand inventory in the CoBu-model. Even though the reorder point definitely reduces as a 

result of the reduced uncertainty, no direct translation is possible to the on-hand inventory. This can 

be seen in the DOE in which the reorder point significantly decreases with longer ORTSminimum
silver  

(p=0.045), where the on-hand inventory significantly increases with longer ORTSminimum
silver  (p=0.004). 

Despite the low expectations based on the DOE, a case study shows more promising results. For two 

products the on-hand inventory is in first case decreasing with longer minimum lead times for silver 

customers, after which an increasing trend is visible. Those two products have in common that their 

replenishment lead time is relatively long and their review time is relatively short. This combination 

is apparently working as a catalyst for the positive impact of the longer ORTSminimum
silver  . The most 

logical explanation for the trend shift would be that the on-hand inventory is reduced because of 

reduced uncertainties. This can also be seen from the decreasing trend of the reorder point in Figure 

20. In contrast, replenishment orders are placed earlier and more stock reservations are made, which 

on its turn increases the on-hand inventory. The latter can be seen in the second part of the on-hand 

inventory as shown in the graphs of product 2 and 3. After the reorder point reaches its minimum the 

on-hand inventory increases most probably because of the mentioned effects. The optimal reorder 

points and on-hand inventory for the three products tested are shown in Figure 20. 
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Figure 20 Optimal Reorder levels in the CoBu-model with the fitting minimal on-hand inventory levels when the 

𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑠𝑖𝑙𝑣𝑒𝑟  are varied 

As explained, there seem to be two factors undermining the positive impact of the longer 

ORTSminimum
silver . By taking away the reservation property of the system the pipeline stock is reduced 

which should result in a better performance with the longer ORTSminimum
silver . This seems to fit with the 

DOE-analysis in which the on-hand inventory slightly decreases in the system without stock 

reservations (effect = -0.145), where the on-hand inventory increases in the system with stock 

reservations (effect = 1.217). Those effects are measured when the  ORTSminimum
silver  is increased. Note 

that the first effect in the system without reservations is not significant (p = 0.608).   The case study 

shows roughly the same results for product 1 and 3. The savings for longer ORTSminimum
silver   are 

relatively higher in the system without reservations. The only exception is product 2. For this product 

the longer ORTSminimum
silver shows a relatively poorer performance in the system with stock 

reservations. The case study is based on historical demand, which means that certain demand 

patterns can result in these kind of unforeseen habits. 
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7.2 THE ADVANTAGE OF STOCK RATIONING IS LIMITED BECAUSE OF ORDER DUE DATES 

AND HIGH REPLENISHMENT QUANTITIES 
It appeared that the advantage of stock rationing is limited in the systems researched because of the 

order due dates and high replenishment quantities. There is a very logical explanation for this finding, 

namely that some orders are automatically on-time as long as their requested due date is sufficient. 

Moreover, the allocation percentage is taken from the reorder level. Therefore, On-Hand inventory 

above the reorder level can fulfil gold and silver demand. The latter is merely the case when the 

replenishment quantity is large. The above finding is mostly based on the results from product one 

of the case study. For product two and three, it was found that the reorder point and on-hand 

inventory are initially reducing until the target fill-rate of the silver customers is reached. From that 

point on the reorder level and on-hand inventory start increasing again. However, for product one 

this is not the case. Even when all stock is allocated to the gold customers, still a fill-rate percentage 

of 91% for the silver customers is achieved. This can be explained by the fact that 91% of the orders 

from silver customers arrive far before due and that the replenishment quantity is very high. Those 

orders are therefore automatically served on-time. This means that safety stock for those orders is 

unnecessary. Recall that backorders are served FCFS. Table 5 shows the above described 

observation. 

Table 5 On-Hand Inventory of Product 1, 2, and 3 versus Stock allocation in the CoBu-model  (metric ton) 

Product 1: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Reorder level 16 16 15 15 15 15 14 14 14 14 14 

On-Hand Inventory 54 54 52 52 51 51 51 51 51 51 51 

Fill-Rate Gold 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 

Fill-Rate Silver 96% 96% 95% 94% 94% 93% 92% 92% 91% 91% 91% 

Product 2: 0% 10% 20% 30% 40% 50% 60% 

Reorder level 187 185 185 185 186 190 193 

On-Hand Inventory 106 103 102 104 105 109 111 

Fill-Rate Gold 91% 91% 90% 90% 91% 91% 92% 

Fill-Rate Silver 84% 81% 80% 81% 81% 79% 81% 

Product 3: 0% 10% 20% 30% 40% 50% 60% 

Reorder level 111 116 120 125 129 132 135 

On-Hand Inventory 59 63 67 71 74 77 80 

Fill-Rate Gold 94% 95% 96% 97% 97% 97% 97% 

Fill-Rate Silver 79% 79% 80% 80% 79% 80% 80% 

 

It is also interesting to find out whether the finding would change for a system without stock 

reservations. However, as you can see in Table 6 a very similar pattern is observed. Also in this system 

the fill-rate of silver customers remains high, despite the 100% allocation. 
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Table 6 On-Hand Inventory of Product 1, 2, and 3 versus Stock allocation in the Basic-model  (metric ton) 

Product 1: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Reorder level 14 14 15 14 14 14 14 14 14 13 13 

On-Hand Inventory 51 51 51 51 50 50 50 50 50 49 49 

Fill-Rate Gold 95% 95% 96% 95% 95% 95% 95% 95% 95% 96% 95% 

Fill-Rate Silver 96% 96% 95% 95% 94% 93% 93% 92% 91% 91% 90% 

Product 2: 0% 10% 20% 30% 40% 50% 60% 

Reorder level 173 173 169 170 170 183 206 

On-Hand Inventory 88 89 86 86 86 98 120 

Fill-Rate Gold 91% 91% 91% 91% 90% 93% 96% 

Fill-Rate Silver 91% 89% 87% 85% 81% 81% 81% 

Product 3: 0% 10% 20% 30% 40% 50% 60% 70% 80% 

Reorder level 97 94 99 109 119 136 166 218 324 

On-Hand Inventory 43 40 45 54 64 82 111 164 269 

Fill-Rate Gold 90% 91% 93% 95% 97% 99% 100% 100% 100% 

Fill-Rate Silver 86% 81% 80% 80% 80% 80% 81% 80% 80% 

 

7.3 COMBINING MINIMUM LEAD TIME DIFFERENTIATION AND STOCK RATIONING CAN 

REDUCE THE ON-HAND INVENTORY 
Using a longer ORTSminimum

silver  and stock rationing were already investigated independently. However, 

in the special case that stock is reserved at order arrival and a differentiation policy is used for the 

ORTSminimum
silver , the fill-rates will diverge. There is a very simple explanation for this divergence, 

namely that it is determined whether an order will be delivered on-time when the order arrives. 

Without stock rationing both customer categories will receive the same treatment at this point. 

However, the silver customers have more slack time, which results in more on-time deliveries. The 

idea is that the system can be adjusted for this divergence by using stock rationing. The outcomes of 

the DOE are very promising, as the interaction between the ORTSminimum
silver and the allocation 

percentage are significant (p = 0.032). Moreover, for one of the products studied during the case study 

a reduction of the on-hand inventory has been measured when the minimum lead time 

differentiation and stock rationing were combined. This was product 2 and the savings increased 

from 22% up to 22.7%. 
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7.4 SYSTEM WITHOUT STOCK RESERVATIONS OUTPERFORMS THE SYSTEM WITH 

STOCK RESERVATIONS AT ORDER ARRIVAL ON ON-HAND INVENTORY 
It appeared that the system without order reservations outperforms the system in which stock is 

reserved at order arrival. This is very straightforward, as stock reservations imply that stock is 

allocated to a certain customer at an early stage after which it becomes pipeline stock. The pipeline 

stock will increase substantially when stock is reserved. This has a direct impact on the on-hand 

inventory. The above mentioned statement is in line with the DOE in which the on-hand inventory is 

increasing when stock is reserved (DOE1: constantcoefficient = 7.994  constantcoefficient = 9.375, DOE2: 

constantcoefficient = 6.968  constantcoefficient 7.140). Also the on-hand inventory of the three products 

in the case study is substantially reduced when no stock is reserved. This can be observed by 

comparing the y-axis of the Figure 20 and Figure 21. 

Note that this reduced inventory does not mean that a situation without reservations is automatically 

better. It is possible that the target fill-rates are allowed to be considerably lower as long as customers 

receive direct feedback on the feasibility of their orders when they arrive. 

 

   

Figure 21 Optimal Reorder levels in the basic model with the fitting minimal on-hand inventory levels when the 

𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑠𝑖𝑙𝑣𝑒𝑟 is varied 
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7.5 POLICY SAVINGS 
As mentioned before, a case study was performed to test for the effectivity of the different policies 

on the system. The aim is here to translate the on-hand savings into the financial savings. In order to 

do so, some additional measures are necessary. When the on-hand inventory is reduced, more capital 

can be invested. The expected return on this capital is expected to be 23,4% (ROI). This is the margin 

CoBu made on average over their sold products in 2015. Moreover, the value of the materials kept in 

stock has to be determined. This value can be abstracted from the enterprise system. At last, using 

the savings as shown in the previous sections, a cost reduction estimation can be made. Those cost 

reductions are shown in Table 7. 

It appears that business rule 1 results in a cost reduction, at least for the packed materials. This is the 

result of their long production lead times. In combination with the stock rationing policy, the costs 

could even be further reduced. However, it can be questioned whether the small stock reduction out-

weights the decreased service. Since the 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑆𝑖𝑙𝑣𝑒𝑟  for silver customers is drastically increased 

for those policies. Business rule 2 could be more useful. If this stock rationing business rule is used, 

the inventory holding costs for packed materials are reduced drastically. Thousands of euros could 

be saved, although this is at the expense of service for silver customers. Moreover, it should be kept 

in mind that many assumptions have been made, which makes that carefulness is required when the 

cost reductions are considered. A pilot case with one or two materials might be best before rolling 

out a new allocation policy unto packed materials. 

Table 7 Savings for the different policies per product 

Business Rule 1 – Adjust the 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑆𝑖𝑙𝑣𝑒𝑟  time 

Product Model ROI Costs 
(€)/KG 

Extra days 
ORTS 

Initial 
OH (KG) 

OH-reduction 
(KG) 

Savings (€) 

1 Basic 23,4% 0,7884 6 52.134 2.426 448 (5%) 

CoBu 23,4% 0,7884 - 54.435 - - 

2 Basic 23,4% 1,21 19 89.091 17.504 4.956 (17%) 

CoBu 23,4% 1,21 9 140.706 30.974 8.770 (22%) 

3 Basic 23,4% 1,03 19 51.294 20.800 5.013 (35%) 

CoBu 23,4% 1,03 9 78.809 22.597 5.446 (29%) 

Combine Business Rule 1 and 2 – Adjust the 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑆𝑖𝑙𝑣𝑒𝑟  time with stock rationing 

Product Model ROI Costs 
(€)/KG 

Extra days 
ORTS 

Initial 
OH (KG) 

OH-reduction 
(KG) 

Savings (€) 

1 CoBu 23,4% 0,7884 - 54.435 - - 

2 CoBu 23,4% 1,21 9 (10% 
allocated) 

140.706 31.975 9.054 (23%) 

3 CoBu 23,4% 1,03 9 (0% 
allocated) 

78.809 22.597 5.446 (29%) 

Business Rule 2 – Use stock rationing with different target fill-rates 

Product Model ROI Costs 
(€)/KG 

Allocation 
(%) 

Initial 
OH (KG) 

OH-reduction 
(KG) 

Savings (€) 

1 Basic 23,4% 0,7884 100 52.134 3.551 655 (7%) 

CoBu 23,4% 0,7884 100 54.435 4.289 791 (8%) 

2 Basic 23,4% 1,21 20 89.091 3.169 897 (4%) 

CoBu 23,4% 1,21 20 140.706 38.603 10.930 
(27%) 

3 Basic 23,4% 1,03 10 51.294 10.837 2.612 (21%) 

CoBu 23,4% 1,03 0 78.809 19.836 4.781 (25%) 
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7.6 APPROXIMATION ACCURACY 
The optimal values found by simulation modelling can be compared to the optimal values found by 

the approximations. This is firstly done for the different settings as found in the DOE case. The 

absolute differences are measured, as can be seen below: 

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =
|𝑠𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 − 𝑠𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑖𝑜𝑛|

𝑠𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 

In the first DOE the lead times (𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑆𝑖𝑙𝑣𝑒𝑟 ) were varied. The absolute differences for this DOE 

compared to the approximations are shown in Table 8. The adjusted reorder level seems to 

outperform the original De Kok approximation. This is logical, as the original approximation did not 

take into account that orders are having due dates. 

Table 8 Performance of approximations in DOE 1 

 Reorder-level of simulation 
versus sDe Kok (2002) 

Reorder-level of simulation versus 
sadjusted (2002) 

Basic-model 98%  13%  

CoBu-model 57%  20%  

In the second DOE stock rationing was applied. It was found that the approximations are closer to the 

values found by simulation. This can be seen in Table 9.  

Table 9 Performance of approximations in DOE 2 

 Reorder-level of simulation 
versus sDe Kok (2002) 

Reorder-level of simulation versus 
sadjusted (2002) 

Basic-model 58%  13%  

CoBu-model 51%  12% 

Next a look is taken at the performance of the approximations in combination with the case study. 

For the business rule 1, product 1, the optimal reorder-level was indeed approached for low values of 

the 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑆𝑖𝑙𝑣𝑒𝑟 , around 15.000 was approximated (sadjusted) against an optimal reorder point of 

around 16.000 and 18.000 in the simulation models (ssimulation). The same holds somewhat for product 

3, here the approximated reorder point was around 140.000 (sadjusted) and the simulated reorder point 

around 110.000 and 130.000 (ssimulation). Only the optimal reorder point found for product 2 is very 

different between the simulation and the approximation. 

For the business rules with stock rationing it is more difficult to approximate the optimal reorder 

points. The sadjusted is also in this case most probably one of the closest approximations there is. 
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8 CONCLUSION, RECOMMENDATION, AND DISCUSSION 

In this last chapter the final conclusions of this report are presented. Based on those conclusions 

recommendations are stated. Moreover, several choices and assumptions had to be made during the 

research. Those choices and assumptions are going to be discussed in a discussion section. 

8.1 CONCLUSION 
The objective of this report was to keep a chemical company competitive by moving from the ‘one 

size fits all’ strategy towards a differentiated strategy. The corresponding research question was 

therefore: 

When service is the market driver making a business competitive, how should a large chemical 

business-to-business company apply customer segmentation in its supply chain processes?  

It seems as though customer segmentation is not the business standard in current supply chains of 

business-to-business companies. This is concluded from the fact that literature is scarce on customer 

segmentation for this specific type of organisations. Moreover, a case study conducted in this report 

showed results in line with the statement; Customer segmentation was indeed not standard in the 

supply chain of the studied company. However, the case study also showed that many processes 

already needed some kind of segmentation decisions. In the company studied those decisions were 

taken by individual employees wherefore they were inconsistent and contradictory. Despite the fact 

that this report only investigated one company, it might be expected that similar practises also hold 

for other organisations; other business-to-business firms also have employees who have to decide 

for themselves which customers to favour over others. Therefore, the first step for a business-to-

business firm is to align current customer segmentation initiatives. This alignment is one of the main 

pillars for applying customer segmentation in the supply chain processes. 

A very simple segmentation framework was developed as a solution for aligning the current and 

future initiatives. Using this simple framework allows different internal stakeholders to create an 

umbrella vision on customer segmentation initiatives, and to use this umbrella vision within their 

processes. The segmentation framework was built on two variables, the margin and the gross sales. 

The margin per customer is especially interesting in a business-to-business situation, as it is in this 

situation that margins can largely differ between customers. The advantage of a simple framework 

is that it is understandable for all stakeholders and easily updateable, which enlarges the viability of 

the umbrella framework.  An overview of the framework, and the variables can be found at page 30.  

In the second part of this research it was investigated whether it is possible to differentiate the lead 

times for different customer segments as well as to differentiate the target fill-rates. On forehand it 

was expected that both practises have their positive impact on the supply chain performance. 

However, a drawback is of course that service is reduced. Investigating a simulation model resulted 

in the following findings: 

 Pipeline stock and replenishments placed at an earlier point in time undermine the positive 

impact of longer minimum requested lead-times for silver customers (ORTSminimum
silver ).  The 

first finding was that pipeline stock can increase when the minimum lead-time of silver 

customers (ORTSminimum
silver ) is increased. The increased pipeline stock is due to additional days 

that stock is reserved. Moreover, replenishment orders might be placed at an earlier point in 

time as a result of longer requested lead times. Those two factors negatively influence the 

advantage of longer minimum lead-times (ORTSminimum
silver ). 
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 The advantage of stock rationing is limited because of order due dates and high 

replenishment quantities.  The impact of stock rationing is limited. This is due to orders 

which already have sufficient lead time requested. Those orders will be served on-time 

despite of the allocation policy. This is a direct result of backorders being served in a first-

come-first-served way. Moreover, a high replenishment quantity also has a positive impact 

on the fill-rate of silver customers. Even in the extreme situation that all stock of the reorder 

level is allocated to the gold customer group, the silver customers can still have a high overall 

fill-rate. 

 Combining minimum lead time differentiation and stock rationing can reduce the On-Hand 

inventory.  It was shown that it is sometimes useful to combine the differentiation of 

minimum lead times (ORTSminimum
silver ) with stock rationing. Although the savings are very low 

in the case study, namely 22.7% instead of 22.0% and only for one of the products. 

 Systems without stock reservations outperform systems with stock reservations.   The last 

finding is very straightforward, namely that assigning stock to a certain order at order arrival 

is suboptimal. It is better to postpone this fulfilment decision to the moment that the order 

is due. On the other hand, it is possible that customers prefer to know on forehand whether 

their order is feasible. The latter would be in favour of the system with reservations. 

Besides those findings also a cost estimation was conducted for the three products in the case study. 

The case study showed that there are substantial savings, but that they go together with substantially 

reduced services. Moreover, the proposed alternative business rules make the planning and 

scheduling process considerably more complex. Overall it might therefore be better to maintain the 

current system. Although a switch in which all orders are accepted and later checked for feasibility, 

might be worth to test with.  
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8.2 DISCUSSION 
Many of the statements made in this report are based on interviews, conversations at the internal 

text messenger of ChemCo and emails. Opinions sometimes differ, or time lacked to really dive into 

the details of all processes. As a result some processes remained vague and therefore required some 

assumptions. Moreover, due to time constraints, some points remain open for further research. In 

this chapter the effect of the mentioned issues are discussed and areas that require further research 

are explained. 

It is chosen to adopt the customer segmentation initiatives as how they are applied nowadays. This 

assumes that those initiatives are sufficient and do not require any adjustment or redesign. It was 

concluded that this was the case, as the involved stakeholders were asked about the objective of a 

differentiated rule and why customers require such a rule. Based on those answers it was checked 

whether the current rule fits the objective. However, this is some kind of a circle reasoning, as the 

stakeholders asked about the objective were the same stakeholders who developed the current 

customer segmentation initiative. It is therefore essential that the current rules are re-evaluated on a 

yearly basis. 

In this report the effect of a differentiated ORTSminimum for MTS products was evaluated. It was found 

that there is definitely a positive effect on the inventory levels, but that the advantage seems not 

such substantial that the advantage out-weights the disadvantage of reduced service for silver 

customers. In contrast, if MTO products are considered for such a policy, the trade-off is more about 

limited capacity than cost reduction. Therefore, it could be considered to investigate the possibility 

for some kind of differentiation policy for MTO products. In such a policy capacity is left free for gold 

customers, to assure their service. This might be an interesting path for future research. 

This report also looked at the impact of stock rationing on the inventory levels. This appeared to be 

substantial and could therefore be useful. However, as mentioned before, the model is based on 

many assumptions. Those assumptions were essential and necessary, but they still have their impact 

on the accuracy of the model. It is therefore proposed that a new business rule is only introduced after 

a pilot study has been conducted. This pilot study works with only a select group of products and 

should be performed before using this policy on the other products. 

It should also be kept in mind that the new inventory holding policies were solely based on the 

stationary demand assumption, while the coating business is known for its seasonality. However, the 

question is whether seasonal demand would have an effect on the impact of the differentiated 

ORTSminimum-rule and the stock rationing policy. If seasonality would occur the system would become 

more dependent on forecast accuracy. However, as long as forecast accuracy is stationary the 

measured effects of the simulation model can be expected to be comparable. The seasonality aspect 

also indicates that a pilot study is required when thinking about introducing one of the proposed 

business rules. 

The problem statement highlighted the intense competition CoBu is facing. It is highly questionable 

whether customer segmentation on its own enables to overcome this tough competition. Customer 

segmentation allows to push service towards a certain customer or group of customers, but it is highly 

questionable whether this is enough to remain competitive. Nevertheless, customer segmentation 

can help to keep the most valuable customers in the business, but in the end silver customers are also 

needed to keep up the high turnover. CoBu should therefore keep searching for other ways to remain 

competitive. 
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A last point of discussion is that the content of this report is based on interviews with especially 

employees located in Europe, Africa, and the Middle-East. However, the data files in the enterprise 

system also contained data from India. Therefore, the India region was added to the analysis. 

However, the conclusions and recommendations are directed towards the EMEA-region. An 

additional research could be conducted for the India region as well. Even though the outcome could 

very well be the same as for the rest of the EMEAI-region. 
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8.3 RECOMMENDATIONS 
Based on the conclusions of this report the following recommendations for the CoBu business are 

stated: 

1. Schedule a yearly reoccurring meeting with all stakeholders involved to decide upon the 

segmentation initiatives of next year. During this meeting you discuss the business rules and their 

setup, examples of business rules are: 

a. Transportation: This rule has already been shown in Figure 4. Use the framework to 

decide on strategic valuable customers. The framework could also be used by account 

managers when they are thinking about a possible veto on the proposed carrier for their 

customers. 

b. Rush orders: Some customers receive a ‘rush order allowance’. They are allowed to place 

rush orders without facing the standard penalty. Currently several customers with very 

low margins seem to be in the special position that they receive a ‘rush order allowance’. 

Use the framework to decide which customers actually deserve this allowance. 

c. Volume penalties: Decide based on the framework which customers should get a penalty 

rule for their order size. For customers with very high margins you might turn a blind eye 

for their small orders. 

Think about an order quantity discount for newly arriving customers. A discount is most 

commonly used in literature, and seems therefore preferred. 

2. Keep the standard two days ORTSminimum-times for MTS products for all customers. Simulation 

modelling showed that differentiation of this policy only brings little value to CoBu. This little 

value is most probably not proportionally to the lost service for silver customers. 

3. If the reduced target fill-rates are acceptable than it is proposed to perform a pilot case on packed 

materials with stock rationing. The simulation model as used in this paper can be used to 

determine allocation levels. However, it can also be chosen to determine the allocation levels 

based on trial and error. In case of the latter you would start with little stock allocated and slowly 

increase this until the desired fill-rates are reached. 

4. Investigate the possibility of a rationing policy for MTO materials. As the capacity reaches its 

limits, more often MTO-orders will come out to be infeasible. Stock rationing assures that the 

most valuable customers keep their high service. 

5. The framework showed that non-valuable and low margin customers are mainly based in Africa. 

This is most probably caused by the low density of production and storage facilities in this region. 

Additional transportation costs reduce order profitability in that case. It might be useful to 

investigate the possibility of reducing the costs within this region. 
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APPENDIX 

APPENDIX 1 (LITERATURE REVIEW ON STOCK RATIONING) 
The basic idea behind customer segmentation in inventory management is to allocate scarce 

inventory to the most valuable customers. The scarcity of the inventory can be due to product and 

industry characteristics or because of production decisions. A well-known form of stock allocation is 

called yield management. Yield management is typically used for the seats in an airplane, or rooms 

in a hotel. Kimes (1989) provides an overview of the yield management literature. Yield management 

focusses on perishable goods with single replenishments. This is also the main difference between 

yield management and stock rationing, since stock rationing is about non-perishable goods with 

multiple replenishment opportunities. 

One of the first times that stock rationing was proposed was by Veinott  in 1965 (Deshpande, Cohen, 

& Donohue, 2003). Veinott considered dynamic nonstationary multi-product inventory model. He 

describes a periodic review model with zero lead time and different demand classes. In the model of 

Veinott customers receive a discount in case of backorders. By choosing the ordering policy those 

costs are minimized (Veinott, Jr., 1965) . Topkis (1968) extends the model of Veinott. In his model 

demand classes are of varying importance. The importance of a demand class is based on the penalty 

which incurs for out-of-stock situations. The problem he describes is to reserve stock for important 

demand classes, so that high penalty costs are precluded.  Topkis separates the review period into a 

finite number of intervals. The demand of such an interval is known to the decision maker when he 

makes its reservation decision (Topkis, 1968). Frank et al. (2003) continued the work of Topkis by 

proposing a (s, k, S)-policy in which s and S represents the ordering policy. In this system two demand 

classes exist, one with stochastic demand and another with deterministic demand. The latter has to 

be met, where the stochastic demand is allowed to be treated as lost sales. The level k shows how 

much of the stochastic demand is served (Frank, Zhang, & Duenyas, 2003). 

Nahmias and Demmy (1981) consider several inventory systems with stock rationing. In that sense 

they are also the first once analyzing stock rationing in a (Q, R)-system. In this system the stock is 

replenished with amount Q when the inventory position reaches a level R. They propose a system in 

which all orders of a low priority demand class are backordered when the on-hand inventory drops 

below a level K.3 Nahmias and Demmy (1981) developed methods for determining the fill-rates in 

those systems. However, there are some drawbacks on their methods. The main drawback is 

probably that there is only one outstanding order allowed in the (Q, R)-model. Another drawback is 

that the proposed models are only compared against different rationing levels and not against non-

rationing models. Moon and Kang (1998) improve and extend the models of Nahmias and Demmy 

(1981). They extend the (Q, R)-model to multiple demand classes. The model they developed 

assumes that all demand occurs in the end of a period. In order to overcome this problem, Moon and 

Kang (1998) developed a simulation model. The simulation model is used to determine the impact on 

a system with two independent Poisson distributed demand arrival processes, also known as a 

compound Poisson process. Deshpande et al. (2003) also build upon the article of Nahmias and 

Demmy (1981). They developed a methodology to optimize the control parameters in a (Q, R, K)-

policy. They found this optimal policy by minimizing inventory, delay, and backordering costs. 

Deshpande et al. (2003) analyzes the (Q, R, K)-policy with priority clearing and threshold clearing. 

The first clearing policy prioritizes class one demand and only handles class two backorders when the 

                                                                    
3 NOTE: This policy works opposite to the one as proposed by Frank et al. (2003). 
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on-hand inventory exceeds K. The latter policy clears all backorders FCFS as long as the on-hand 

inventory is above K. After which only class one backorders are fulfilled. 

Ha (1997), (1997), and (2000) considers a similar rationing policy with a single-item, make-to-stock, 

production system. He showed that the optimal rationing policy can be characterized by ‘a sequence 

of monotone critical work storage levels’. (Ha, 2000) The analysis of Ha is mainly based on queuing 

theory. He moves from an M|M|1 policy with exponential arrival and production times to an M|Ek|1 

policy with Erlang distributed processing times. In the first paper of Ha (1997) backorders were not 

allowed, those were added in the papers followed. Ha showed that the optimal rationing policy 

performs significantly better in both the M|M|1 and M|Ek|1 case. Véricourt et al. ( (2001) and (2002)) 

researched the effect of limited production capacity on the systems as described by Ha (1997) . 

Dekker et al. (1998) is one of the firsts considering a (S-1, S)-policy. In this policy two inventory levels 

are used, level S and Sc. A so called lot-for-lot ordering policy is used. The moment the stock-on-hand 

drops below Sc, all non-critical orders are backordered. Dekker et al. (1998) considers three ways to 

deal with incoming replenishment orders, namely ‘(1) priority is given to backorders for non-critical 

demand, (2) priority is given to stock reserved for critical demand, and (3) if the order was triggered 

by critical demand, then priority is given to stock reserved for critical demand, otherwise priority is 

given to backorders for non-critical demand.’ (Dekker, Kleijn, & de Rooij, 1998)  Dekker et al. (1998) 

gives approximations for the fill rates. Those approximations are tested via simulations. Arslan et al. 

(2007) is also discussing the equivalence of the FCFS policy and a threshold clearing policy for 

backorders. 

In continuation of the work of Dekker et al. (1998), Gabor et al. (2016) and Oguzhan and Jackson 

(2016) also researched the (S-1, S) - model. The articles are very comparable and both come up with 

approximations for the (S-1, S) - replenishment system.  
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APPENDIX 2 (INTERVIEW CYCLE) 

 

Figure 22 interview Cycle of Teijlingen (Teijlingen, 2014) 

  

APPENDIX 3 (SELECTION OF SEGMENTATION VARIABLES) 
For the variable selection the possible segmentation variables were scored against each other. Scores 

for all three identified factors were given and summed. All factors were considered as equal 

importance and therefore no weight factor was added. The gross sales and standard margin came 

out to be best. As can be seen also the sales volume is respectively high, however, the combination 

of gross sales and the standard margin seems a better fit. This enables to calculate the actual profit. 

The method used is very similar as the one described by Brook (2014, p. 229). 

Table 10 Segmentation Variable Ranking 

 Data Availability Profitability Turnover Total 

Sales Volume 7 3 4 14 

Gross Sales 6 5 7 18 

Standard Margin 6 7 1 14 

Order Frequency 7 2 4 13 

Relation Duration 2 1 1 4 

Growth Potential 1 5 5 11 

Market Share 3 2 2 7 

Inco Terms 7 1 1 9 

Transportation Mode 7 3 1 11 

Order Volume 7 3 1 11 

ORTS-time 5 1 1 7 

  

  



63 
 

APPENDIX 4 (SEGMENT CHARACTERISTICS) 
Table 11 Order Characteristics per Segment (2014 and 2015) 

Segment 10 Segment 7 Segment 4 Segment 1 

9 Customers 229 Customers 31 Customers 17 Customers 

612 Orders per Customer 49 Orders per Customer 88 Orders per Customer 437 Orders per Customer 

4655 KG average order size 15235 KG average order size 8190 KG average Order Size 15857 KG average Order Size 

84% of orders for packed products 43% of orders for packed products 63% of orders for packed products 60% of orders for packed products 

10,8 E(ORTS-time per order requested first) 8,8 E(ORTS-time per order requested first) 12,3 E(ORTS-time per order requested first) 10,0 E(ORTS-time per order requested first) 

12,1 standard deviation ORTS-time per order 13,1 standard deviation ORTS-time per order 11,1 standard deviation ORTS-time per order 12,3 standard deviation ORTS-time per order 

55 rush orders by 4 customers 54 rush orders by 15 customers 57 rush orders by 12 customers 138 rush orders by 10 customers 
 

Segment 8 Segment 5 Segment 2 
 

50 Customers 18 Customers 9 Customers 
 

15 Orders per Customer 70 Orders per Customer 1475 Orders per Customer 
 

7820 KG average order size 12942 KG average Order Size 13249 KG average Order Size 
 

85% of orders for packed products 56% of orders for packed products 49% of orders for packed products 
 

9,9 E(ORTS-time per order requested first) 12,8 E(ORTS-time per order requested first) 12,4 E(ORTS-time per order requested first) 
 

9,3 standard deviation ORTS-time per order 15,7 standard deviation ORTS-time per order 12,6 standard deviation ORTS-time per order 
 

9 rush orders by 2 customers 21 rush orders by 3 customers 117 rush orders by 5 customers 
 

Segment 9 Segment 6 Segment 3 
 

154 Customers 33 Customers 11 Customers 
 

11 Orders per Customer 72 Orders per Customer 444 Orders per Customer 
 

8243 KG average order size 12801 KG average Order Size 17843 KG average Order Size 
 

84% of orders for packed products 72% of orders for packed products 62% of orders for packed products 
 

12,8 E(ORTS-time per order requested first) 13,7 E(ORTS-time per order requested first) 13,3 E(ORTS-time per order requested first) 
 

15,0 standard deviation ORTS-time per order 16,5 standard deviation ORTS-time per order 15,5 standard deviation ORTS-time per order 
 

39 rush orders by 8 customers 114 rush orders by 5 customers 89 rush orders by 1 customer 
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Table 12 Performance Measures per Customer Segment (2014 and 2015) 

Segment 10 Segment 7 Segment 4 Segment 1 

66% of on time delivery (Request First) 73% of on time delivery (Request First) 79% of on time delivery (Request First) 88% of on time delivery (Request First) 

80% of on time delivery (Request Last) 78% of on time delivery (Request Last) 87% of on time delivery (Request Last) 91% of on time delivery (Request Last) 

0,59 days Δ(Last Request and First Request) 0,31 days Δ(Last Request and First Request) 0,42 days Δ(Last Request and First Request) -0,22 days Δ(Last Request and First Request) 

5,53 days standard deviation Δ(Last Request 
and First Request) 

13,63 days standard deviation Δ(Last Request 
and First Request) 

5,59 days standard deviation Δ(Last Request 
and First Request) 

5,37 days standard deviation Δ(Last Request 
and First Request)  

Segment 8 Segment 5 Segment 2 
 

65% of on time delivery (Request First) 72% of on time delivery (Request First) 76% of on time delivery (Request First) 
 

73% of on time delivery (Request Last) 81% of on time delivery (Request Last) 82% of on time delivery (Request Last) 
 

0,52 days Δ(Last Request and First Request) 0,66 days Δ(Last Request and First Request) 0,47 days Δ(Last Request and First Request) 
 

7,16 days standard deviation Δ(Last Request 
and First Request) 

4,69 days standard deviation Δ(Last Request 
and First Request) 

11,34 days standard deviation Δ(Last Request 
and First Request)  

Segment 9 Segment 6 Segment 3 
 

62% of on time delivery (Request First) 72% of on time delivery (Request First) 62% of on time delivery (Request First) 
 

71% of on time delivery (Request Last) 79% of on time delivery (Request Last) 75% of on time delivery (Request Last) 
 

0,64 days Δ(Last Request and First Request) 2,92 days Δ(Last Request and First Request) 4,49 days Δ(Last Request and First Request) 
 

13,18 days standard deviation Δ(Last Request 
and First Request) 

28,27 days standard deviation Δ(Last Request 
and First Request) 

37,08 days standard deviation Δ(Last Request 
and First Request) 
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APPENDIX 5 (ANOVA-ANALYSIS ORDER VOLUMES IN MINITAB) 
A Logarithmic transformation was used to not violate the assumptions required for an ANOVA-

analysis (Minitab, Inc.), see Figure 23. In the initial ANOVA model the normality assumption was 

violated, as you can see from the normal probability plot. Moreover, the versus fit plot shows no 

equally distributed residuals, this indicates that the variance is not constant. After the logarithmic 

transformation the normal probability plot still does not give a perfect result, although it is not that 

extreme that the normality assumption is violated per definition. The versus fit plot also shows a 

better fit. At last the versus order shows no pattern over time, which means that none of the 

assumptions is explicitly violated. 

 

 

 

Model Summary 

 

       S   R-sq  R-sq(adj)  R-sq(pred) 

0,629133  8,15%      8,14%       8,12% 

 

 

Coefficients 

 

Term          Coef  SE Coef  T-Value  P-Value    VIF 

Constant   3,70273  0,00374   988,76    0,000 

Segment 

  1        0,01200  0,00759     1,58    0,114   3,48 

  2        0,20317  0,00620    32,79    0,000   3,01 

  3        0,28572  0,00896    31,88    0,000   4,15 

  4        -0,0998   0,0115    -8,64    0,000   5,86 

  5         0,1416   0,0165     8,58    0,000  10,49 

  6         0,0834   0,0123     6,79    0,000   6,44 

  7        0,19458  0,00657    29,63    0,000   3,11 

  8        -0,0603   0,0214    -2,82    0,005  16,75 

  9        -0,3386   0,0143   -23,73    0,000   8,19 

  10      -0,41825  0,00853   -49,02    0,000   3,92 

 

 

Regression Equation 

 

VolumeLog = 3,70273 + 0,01200 Segment_1 + 0,20317 Segment_2 + 0,28572 Segment_3 

            - 0,0998 Segment_4 + 0,1416 Segment_5 + 0,0834 Segment_6 

+ 0,19458 Segment_7 

            - 0,0603 Segment_8 - 0,3386 Segment_9 - 0,41825 Segment_10 

- 0,00358 Segment_11 

 

Figure 23 Residual Plots ANOVA-analysis of Order volume 



66 
 

APPENDIX 6 (ANOVA ANALYSIS OF ORTS-TIMES) 
Similar as to the analysis of the order volumes the ORTS-time analysis also requires a logarithmic 

transformation in order to not violate the ANOVA assumptions. The results are similar as the results 

for the order volumes. This means that the assumptions are not violated. 

  

Model Summary 

 

       S   R-sq  R-sq(adj)  R-sq(pred) 

0,387220  1,28%      1,27%       1,25% 

 

 

Coefficients 

 

Term          Coef  SE Coef  T-Value  P-Value    VIF 

Constant   0,93543  0,00238   393,81    0,000 

Segment 

  1        0,03985  0,00517     7,70    0,000   3,58 

  2       -0,02174  0,00390    -5,57    0,000   2,90 

  3        0,02024  0,00578     3,50    0,000   4,05 

  4        0,03782  0,00718     5,26    0,000   5,41 

  5         0,0455   0,0103     4,43    0,000   9,61 

  6        0,05959  0,00772     7,72    0,000   6,03 

  7       -0,10164  0,00437   -23,26    0,000   3,09 

  8        -0,0378   0,0136    -2,77    0,006  15,93 

  9        0,00439  0,00901     0,49    0,626   7,69 

  10      -0,01496  0,00533    -2,81    0,005   3,69 

 

 

Regression Equation 

 

ORTSLog = 0,93543 + 0,03985 Segment_1 - 0,02174 Segment_2 + 0,02024 Segment_3 

          + 0,03782 Segment_4 + 0,0455 Segment_5 + 0,05959 Segment_6 

- 0,10164 Segment_7 

          - 0,0378 Segment_8 + 0,00439 Segment_9 - 0,01496 Segment_10 

- 0,03131 Segment_11 
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APPENDIX 7 (ORDER ANALYSIS) 
Figure 24 shows that there is a substantial and significant difference between the order sizes of bulk 

and packed products. 

 

Figure 24 Difference in order weight between packed and bulk products 
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APPENDIX 8 (DESTINATIONS PER SEGMENT) 
Table 13 Ship-to countries per segment 
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APPENDIX 9 (PARAMETER SETTINGS OF EXAMPLE (R, S, Q)-POLICY) 
The approximations of De Kok (2002, pp. 5, Part V) for the (R, s, Q)-model with continuous time and 

normally distributed demand during review and replenishment time were used in combination with 

the following input: 

Agreed Days Response time of 0 days (Red line) 

R 5 

E[A] 1 

s(A) 0,1 

E[D] 100 

s(D) 50 

E[L] 5 

s(L) 0 

Q 1000 

 

Agreed Days Response time of 4 days (Orange line) 

R 5 

E[A] 1 

s(A) 0,1 

E[D] 100 

s(D) 50 

E[L] 1 

s(L) 0 

Q 1000 
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APPENDIX 10 (APPROXIMATE MINIMUM AND MAXIMUM STOCK RATIONING) 
Within a stock rationing model three situations can appear; (1) an order arrives when stock is above 

level K, (2) an order arrives when stock is below level K, but greater than zero, or (3) an order arrives 

when no inventory is in stock. Silver customers are only served from stock in situation (1). The 

difference between the reorder level and level K should therefore be sufficient to achieve the target 

service level for those Silver customers. During this situation (1) orders from both customer groups, 

gold and silver, are served directly from stock. The minimum reorder level is therefore as follows: 

𝑠𝑚𝑖𝑛𝑖𝑚𝑢𝑚 = 𝑠𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑(𝐹𝑖𝑙𝑙 − 𝑅𝑎𝑡𝑒𝑆𝑖𝑙𝑣𝑒𝑟; 𝐷𝑒𝑚𝑎𝑛𝑑~𝐷𝐺𝑜𝑙𝑑 + 𝐷𝑆𝑖𝑙𝑣𝑒𝑟)  

In this case the minimum reorder level s is calculated using the aforementioned approximation in 

combination with the target fill-rate of the silver customers and the summed demand of gold and 

silver customers. A similar method can be used to approximate the maximum of level K. In this case 

a look is taken at the previously mentioned situation (2). In this situation only demand from gold 

customers is served. The following holds in this situation:  

𝐾𝑚𝑎𝑥𝑖𝑚𝑢𝑚 = 𝑠𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑(𝐹𝑖𝑙𝑙 − 𝑅𝑎𝑡𝑒𝐺𝑜𝑙𝑑; 𝐷𝑒𝑚𝑎𝑛𝑑~𝐷𝐺𝑜𝑙𝑑)  

At last it is possible to determine a maximum reorder level s. This maximum reorder level s can be 

approximated as follows: 

𝑠𝑚𝑎𝑥𝑖𝑚𝑢𝑚 = 𝑠𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑(𝐹𝑖𝑙𝑙 − 𝑅𝑎𝑡𝑒𝐺𝑜𝑙𝑑; 𝐷𝑒𝑚𝑎𝑛𝑑~𝐷𝐺𝑜𝑙𝑑 + 𝐷𝑆𝑖𝑙𝑣𝑒𝑟)  

For the business rules with stock rationing it was possible to set some approximated minimum and 

maximum levels for the stock rationing policies. Those minimum and maximum levels for the reorder 

point fit the simulation results of the stock rationing business rules. However, the maximum level K 

shows a misfit for product 1. The Kmaximum is below 13.619 KG in this case, where the optimum value 

found by simulation lies above this value. An overview of the results from the approximations can be 

found in Table 14. 
Table 14 Approximations 

PRODUCT SDE KOK SADJUSTED SMINIMUM KMAXIMUM SMAXIMUM 

1 49.906 14.896 0 13.619 14.896 
2 381.021 280.576 166.377 166.420 280.576 
3 232.491 138.458 74.006 43.811 138.458 
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APPENDIX 11 (CONCEPTUAL MODEL OF BASIC-MODEL) 
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APPENDIX 12 (VALIDATION) 
The simulation model has been validated using the models from De Kok (2002, pp. 5, PART V). It was 

not possible to validate it all, as the models work without due dates and stock rationing. However, 

with basic inputs the results could be compared. The following simulation inputs were used: 

Gold Expected Inter-arrival time 10000000 (Set infinite high, so that no gold 
demand occurs) 

Gold Standard Deviation Inter-arrival time 0,3 

Silver Inter-arrival time 1 

Silver Standard Deviation Inter-arrival time 0,3 

Gold Expected Order Size 2 

Gold Standard Deviation Order Size 0,3 

Silver Expected Order Size 2 

Silver Standard Deviation Order Size 0,3 

Expected Production Lead-Time 4 

Standard Deviation Production Lead-Time 1 

Review Period 4 

Batch Size/Production Replenishment Size 10 

𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝐺𝑜𝑙𝑑  2 

𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑠𝑖𝑙𝑣𝑒𝑟  0 

By using a very high inter-arrival time for gold customers, no demand of gold customers is expected. 

Therefore, the demand for silver customers can be entered in the models of De Kok (2002). The 

results for both simulation models are shown in Figure 25. As can be seen, the simulation model 

follows the approximations from De Kok (2002) very well. Note that we used the approximations for 

the compound renewal case. The discrete time case will most probably give even better results. 

 

Figure 25 Simulation model versus fill-rate approximations of De Kok (2002) and Silver, Pyke, and Peterson (1998)  
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APPENDIX 13 (SIMULATION ALGORITHM) 

 

Figure 26 Simulation Optimization Algorithm  



74 
 

APPENDIX 14 (LOGICAL REASONING) 
A good starting point is always to determine the expected outcome of a redesign before testing it. In 

this case the expected impact of the implementation of the newly developed business rules are 

considered. Table 15 shows the expected impact of the policies on the two models. 

Table 15 Expected impact of the proposed redesigns 

Model Redesign Factor Explanation 
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Reorder level 
Decreases 

Part of the orders are placed with more slack time between 
order arrival and due date. Therefore, when a 
replenishment is considered more information is available 
about orders due wherefore the demand uncertainty is 
reduced. This is most probably reflected by the required 
reorder level, resulting in a reduction of it. 

On-Hand 
Inventory 
Decreases 

On the one hand, replenishment orders are advanced, as 
information about the orders is available at an earlier stage 
compared to their due dates. This results in an on-hand 
inventory increase. On the other hand, part of the demand 
uncertainty disappears. This results in a reduction of the 
reorder level as mentioned before. Overall the on-hand 
inventory will most probably drop, as the effect of the 
latter can be expected to overcome the effect of the first. 

Fill-RateGold at 
target level 

Within the Basic-model it is not expected that the fill-rates 
of the two customer categories diverge. Therefore, they 
both will reach the target level for the same optimal 
reorder levels. Fill-RateSilver at 

target level 
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Reorder level 
Decreases 

The target fill-rate of the silver customer is decreased in 
this policy. Without stock rationing the reorder level will be 
relatively unaffected, as the level is required to keep up the 
fill-rate for gold customers. However, when stock rationing 
is used, this reorder level can be reduced. 

On-Hand 
Inventory 
Decreases 

As the reorder level decreases, the on-hand inventory 
decreases. However, the reduction of the reorder level is 
not directly translatable to the on-hand inventory, as stock 
is at a certain point only available for gold customers and 
will be kept in-stock for a longer period by this reason. 

Fill-RateGold at 
target level 

In the original situation with no allocation it is expected 
that both customer categories receive similar fill-rates. It is 
not expected that the fill-rates diverge. As the target fill-
rate for silver customers is lower than the fill-rate of the 
gold customers, they will receive a fill-rate above target. 
With allocation more stock is allocated to the gold 
customers. As a result, the fill-rates will converge to their 
targets. As the target for the silver customers is reduced, 
the actual fill-rate will also reduce. 

Fill-RateSilver at 
target level 
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Model Redesign Factor Explanation 
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𝑇
𝑆 𝑚

𝑖𝑛
𝑖𝑚

𝑢
𝑚

𝑠𝑖
𝑙𝑣

𝑒
𝑟

 

Reorder level 
decreases 

Part of the orders are placed with more slack time between 
order arrival and due date. Therefore, when a 
replenishment is considered, more information is available 
about orders due wherefore the demand uncertainty is 
reduced. This is most probably reflected by the required 
reorder level. 

On-Hand 
Inventory 
Increases/Decr
eases 

On the one hand, the reorder level decreases, on the other 
hand, the reserved stock increases. As both factors are 
contrary, it is very difficult to make a statement about the 
overall impact of this policy on the on-hand inventory. 

Fill-RateGold at 
target level 

In the CoBu-model it can be expected that the fill-rates of 
the customers diverge. Therefore, the fill-rate of gold 
customers will remain at the target level, but the fill-rate of 
the silver customers will most probably transcend their 
target level. 

Fill-RateSilver 
above target 
level 
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 Reorder level 
Decreases 

The reorder level is expected to be reduced compared to 

the policy with only a differentiated 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑠𝑖𝑙𝑣𝑒𝑟 . The 

reason is that an adjustment is made for the divergence of 
the fill-rates of the two customer categories by using stock 
rationing. 

On-Hand 
Inventory 
Increases/Decr
eases 

The on-hand inventory is expected to be reduced 
compared to policy 1a. The reason is that an adjustment is 
made for the divergence of the fill-rates of the two 
customer categories by using stock rationing. However, it 
remains unclear whether the extra stock reservations 
overcome the reorder level reduction. 

Fill-RateGold at 
target level 

The fill rates will both be around the target level in the 
optimal situation. In the original policy (1a) the fill-rates 
diverged. However, by using stock rationing, this 
divergence is corrected for. 

Fill-RateSilver at 
target level 
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Reorder level 
Decreases 

The target fill-rate of the silver customer is decreased. 
Without stock rationing the reorder level will be 
unaffected, as the level is required to keep up the fill-rate 
for gold customers. However, when stock rationing is 
applied, this reorder level can be reduced. 

On-Hand 
Inventory 
Decreases 

As the reorder level decreases, the on-hand inventory 
decreases. However, the reduction of the reorder level is 
not directly translatable to the on-hand inventory, as stock 
is at a certain point only available for gold customers. 

Fill-RateGold at 
target level 

In the original situation with no allocation it is expected 
that both customer categories receive similar fill-rates. It is 
not expected that the fill-rates diverge. As the target fill-
rate for silver customers is lower than the fill-rate of the 
gold customers, they will receive a fill-rate above target. 
With allocation more stock is allocated to the gold 
customers. As a result, the fill-rates of the two categories 
will converge and in the end even ‘flip’ as long as more 
stock is allocated. 

Fill-RateSilver at 
target level 
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APPENDIX 15 (DOE OUTPUT BUSINESS RULE 1 AND COMBINATION BUSINESS RULE 1 

AND 2) 
DOE Setup 
As simulation runs requires time it was chosen to use a DOE design with 32 simulation scenarios (1/64 

fraction). In order to find the optimal reorder level and minimal on-hand inventory for the different 

factor levels, an algorithm was developed. This algorithm is shown in the appendix Figure 26.  The 

algorithm searched in this DOE for a target fill-rate of 95% for both customer categories. The 

simulation ran for 16.000 days for each run. The setup for the different factor levels is presented in 

Table 16. 

Table 16 DOE Input Levels 

Input Variable Low Level High Level 

Gold Demand (Inter-arrival time) 1 2 

Silver Demand (Inter-arrival 
time) 

1 2 

Gold Order Size 1 2 

Silver Order Size 1 2 

Gold ORTSInitial 1 2 

Silver ORTSInitial 1 2 

Production Lead-time 2 4 

Review Time 2 4 

Production Batch (in days 
expected demand) 

4 8 

Allocation Percentage 0% 10% 

𝑶𝑹𝑻𝑺𝒎𝒊𝒏𝒊𝒎𝒖𝒎
𝒔𝒊𝒍𝒗𝒆𝒓  2 4 

For all input variables a variation coefficient of 30% was used and an 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑔𝑜𝑙𝑑

of two days.  

Basic-model 

Reorder level 
      S    R-sq  R-sq(adj)  R-sq(pred) 

1,16815  99,00%     94,81%      71,41% 

 

 

Coded Coefficients 

 

Term                                           Effect    Coef  SE Coef  T-Value  P-Value 

Constant                                                9,094    0,207    44,04    0,000 

ORTSminimum                                    -2,438  -1,219    0,207    -5,90    0,001 

Allocation Percentage                           0,562   0,281    0,207     1,36    0,222 

Gold Demand                                    -3,063  -1,531    0,207    -7,42    0,000 

Silver Demand                                  -1,813  -0,906    0,207    -4,39    0,005 

Gold Order Size                                 3,688   1,844    0,207     8,93    0,000 

Silver Order Size                               2,437   1,219    0,207     5,90    0,001 

Gold ORTSreq                                   -0,188  -0,094    0,207    -0,45    0,666 

Silver ORTSreq                                 -0,062  -0,031    0,207    -0,15    0,885 

Production LT                                   6,187   3,094    0,207    14,98    0,000 

Review Time                                     3,813   1,906    0,207     9,23    0,000 

Production Batch Size                          -1,312  -0,656    0,207    -3,18    0,019 

ORTSminimum*Allocation Percentage              -0,312  -0,156    0,207    -0,76    0,478 

ORTSminimum*Gold Demand                         0,063   0,031    0,207     0,15    0,885 

ORTSminimum*Silver Demand                       1,313   0,656    0,207     3,18    0,019 

ORTSminimum*Gold Order Size                    -0,437  -0,219    0,207    -1,06    0,330 

ORTSminimum*Silver Order Size                  -1,188  -0,594    0,207    -2,88    0,028 

ORTSminimum*Gold ORTSreq                        0,188   0,094    0,207     0,45    0,666 

ORTSminimum*Silver ORTSreq                     -0,187  -0,094    0,207    -0,45    0,666 

ORTSminimum*Production LT                       0,812   0,406    0,207     1,97    0,097 

ORTSminimum*Review Time                         1,188   0,594    0,207     2,88    0,028 

ORTSminimum*Production Batch Size               0,312   0,156    0,207     0,76    0,478 
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Gold Demand*Gold Order Size                    -1,313  -0,656    0,207    -3,18    0,019 

Gold Order Size*Silver Order Size              -0,563  -0,281    0,207    -1,36    0,222 

ORTSminimum*Gold Demand*Gold Order Size        -0,187  -0,094    0,207    -0,45    0,666 

ORTSminimum*Gold Order Size*Silver Order Size  -0,188  -0,094    0,207    -0,45    0,666 

 

On-Hand Inventory 
Model Summary 

 

       S    R-sq  R-sq(adj)  R-sq(pred) 

0,758203  98,22%     90,81%      49,39% 

 

 

Coded Coefficients 

 

Term                                           Effect    Coef  SE Coef  T-Value  P-Value 

Constant                                                7,733    0,134    57,69    0,000 

ORTSminimum                                    -0,145  -0,072    0,134    -0,54    0,608 

Allocation Percentage                           0,799   0,399    0,134     2,98    0,025 

Gold Demand                                    -2,352  -1,176    0,134    -8,77    0,000 

Silver Demand                                  -1,840  -0,920    0,134    -6,86    0,000 

Gold Order Size                                 1,757   0,878    0,134     6,55    0,001 

Silver Order Size                               1,224   0,612    0,134     4,57    0,004 

Gold ORTSreq                                   -0,123  -0,062    0,134    -0,46    0,662 

Silver ORTSreq                                 -0,022  -0,011    0,134    -0,08    0,936 

Production LT                                   1,682   0,841    0,134     6,28    0,001 

Review Time                                     1,568   0,784    0,134     5,85    0,001 

Production Batch Size                           1,688   0,844    0,134     6,30    0,001 

ORTSminimum*Allocation Percentage              -0,179  -0,089    0,134    -0,67    0,530 

ORTSminimum*Gold Demand                         0,089   0,045    0,134     0,33    0,751 

ORTSminimum*Silver Demand                       0,274   0,137    0,134     1,02    0,346 

ORTSminimum*Gold Order Size                    -0,167  -0,083    0,134    -0,62    0,557 

ORTSminimum*Silver Order Size                  -0,364  -0,182    0,134    -1,36    0,223 

ORTSminimum*Gold ORTSreq                       -0,048  -0,024    0,134    -0,18    0,863 

ORTSminimum*Silver ORTSreq                      0,002   0,001    0,134     0,01    0,994 

ORTSminimum*Production LT                       0,526   0,263    0,134     1,96    0,097 

ORTSminimum*Review Time                         0,497   0,248    0,134     1,85    0,113 

ORTSminimum*Production Batch Size               0,327   0,163    0,134     1,22    0,269 

Gold Demand*Gold Order Size                    -0,617  -0,309    0,134    -2,30    0,061 

Gold Order Size*Silver Order Size              -0,397  -0,198    0,134    -1,48    0,189 

ORTSminimum*Gold Demand*Gold Order Size        -0,137  -0,068    0,134    -0,51    0,628 

ORTSminimum*Gold Order Size*Silver Order Size  -0,131  -0,065    0,134    -0,49    0,643 

CoBu- model 

Reorder level 
Model Summary 

 

      S    R-sq  R-sq(adj)  R-sq(pred) 

1,11803  98,95%     94,55%      70,02% 

 

 

Coded Coefficients 

 

Term                                           Effect    Coef  SE Coef  T-Value  P-Value 

Constant                                                9,375    0,198    47,43    0,000 

ORTSminimum                                    -1,000  -0,500    0,198    -2,53    0,045 

Allocation Percentage                          -0,125  -0,063    0,198    -0,32    0,763 

Gold Demand                                    -2,125  -1,063    0,198    -5,38    0,002 

Silver Demand                                  -2,500  -1,250    0,198    -6,32    0,001 

Gold Order Size                                 3,125   1,562    0,198     7,91    0,000 

Silver Order Size                               3,250   1,625    0,198     8,22    0,000 

Gold ORTSreq                                    0,250   0,125    0,198     0,63    0,550 

Silver ORTSreq                                  0,000   0,000    0,198     0,00    1,000 

Production LT                                   5,875   2,937    0,198    14,86    0,000 

Review Time                                     3,625   1,813    0,198     9,17    0,000 

Production Batch Size                          -1,750  -0,875    0,198    -4,43    0,004 

ORTSminimum*Allocation Percentage              -0,875  -0,437    0,198    -2,21    0,069 

ORTSminimum*Gold Demand                         0,125   0,063    0,198     0,32    0,763 

ORTSminimum*Silver Demand                       0,750   0,375    0,198     1,90    0,107 

ORTSminimum*Gold Order Size                    -0,625  -0,312    0,198    -1,58    0,165 

ORTSminimum*Silver Order Size                  -0,250  -0,125    0,198    -0,63    0,550 

ORTSminimum*Gold ORTSreq                        0,250   0,125    0,198     0,63    0,550 

ORTSminimum*Silver ORTSreq                     -0,250  -0,125    0,198    -0,63    0,550 
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ORTSminimum*Production LT                       0,375   0,187    0,198     0,95    0,379 

ORTSminimum*Review Time                         0,875   0,438    0,198     2,21    0,069 

ORTSminimum*Production Batch Size              -0,250  -0,125    0,198    -0,63    0,550 

Gold Demand*Gold Order Size                    -1,250  -0,625    0,198    -3,16    0,020 

Gold Order Size*Silver Order Size              -0,625  -0,313    0,198    -1,58    0,165 

ORTSminimum*Gold Demand*Gold Order Size        -0,500  -0,250    0,198    -1,26    0,253 

ORTSminimum*Gold Order Size*Silver Order Size  -0,125  -0,063    0,198    -0,32    0,763 

 

On-Hand Inventory 
Model Summary 

 

       S    R-sq  R-sq(adj)  R-sq(pred) 

0,759034  98,20%     90,68%      48,70% 

 

 

Coded Coefficients 

 

Term                                           Effect    Coef  SE Coef  T-Value  P-Value 

Constant                                                7,994    0,134    59,58    0,000 

ORTSminimum                                     1,217   0,608    0,134     4,53    0,004 

Allocation Percentage                           0,103   0,052    0,134     0,38    0,714 

Gold Demand                                    -1,537  -0,769    0,134    -5,73    0,001 

Silver Demand                                  -2,604  -1,302    0,134    -9,70    0,000 

Gold Order Size                                 1,253   0,626    0,134     4,67    0,003 

Silver Order Size                               1,919   0,960    0,134     7,15    0,000 

Gold ORTSreq                                    0,192   0,096    0,134     0,72    0,500 

Silver ORTSreq                                  0,102   0,051    0,134     0,38    0,718 

Production LT                                   1,410   0,705    0,134     5,26    0,002 

Review Time                                     1,455   0,728    0,134     5,42    0,002 

Production Batch Size                           1,315   0,658    0,134     4,90    0,003 

ORTSminimum*Allocation Percentage              -0,744  -0,372    0,134    -2,77    0,032 

ORTSminimum*Gold Demand                         0,083   0,042    0,134     0,31    0,767 

ORTSminimum*Silver Demand                      -0,353  -0,176    0,134    -1,31    0,237 

ORTSminimum*Gold Order Size                    -0,324  -0,162    0,134    -1,21    0,272 

ORTSminimum*Silver Order Size                   0,467   0,234    0,134     1,74    0,132 

ORTSminimum*Gold ORTSreq                       -0,072  -0,036    0,134    -0,27    0,799 

ORTSminimum*Silver ORTSreq                     -0,045  -0,022    0,134    -0,17    0,872 

ORTSminimum*Production LT                       0,150   0,075    0,134     0,56    0,598 

ORTSminimum*Review Time                         0,239   0,120    0,134     0,89    0,407 

ORTSminimum*Production Batch Size              -0,165  -0,083    0,134    -0,62    0,560 

Gold Demand*Gold Order Size                    -0,561  -0,280    0,134    -2,09    0,082 

Gold Order Size*Silver Order Size              -0,414  -0,207    0,134    -1,54    0,174 

ORTSminimum*Gold Demand*Gold Order Size        -0,378  -0,189    0,134    -1,41    0,208 

ORTSminimum*Gold Order Size*Silver Order Size  -0,059  -0,029    0,134    -0,22    0,834 

APPENDIX 16 (DOE OUTPUT BUSINESS RULE 2) 
DOE Setup 
As simulation runs requires time it was chosen to use a DOE design with 32 simulation scenarios (1/64 

fraction). In order to find the optimal reorder level and minimal on-hand inventory for the different 

factor levels, an algorithm was developed. This algorithm is shown in the appendix Figure 26.  The 

algorithm searched in this DOE for a differentiated target fill-rate for both customer categories. The 

simulation ran for 16.000 days for each run. The setup for the different factor levels is presented in 

Table 17. 

Table 17 DOE Input Levels 

Input Variable Low Level High Level 

Gold Demand (Inter-arrival time) 1 2 

Silver Demand (Inter-arrival 
time) 

1 2 

Gold Order Size 1 2 

Silver Order Size 1 2 

Gold ORTSInitial 1 2 

Silver ORTSInitial 1 2 
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Production Lead-time 2 4 

Review Time 2 4 

Production Batch (in days 
expected demand) 

4 8 

Allocation Percentage 0% 10% 

𝑺𝒕𝒐𝒄𝒌 𝑹𝒂𝒕𝒊𝒐𝒏𝒊𝒏𝒈 𝑳𝒆𝒗𝒆𝒍 for 
silver 

80% 95% 

For all input variables a variation coefficient of 30% was used and an 𝑂𝑅𝑇𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚
𝑔𝑜𝑙𝑑

of two days. 

Basic Model 
Reorder level 

Model Summary 

 

      S    R-sq  R-sq(adj)  R-sq(pred) 

1,48955  97,59%     90,65%      61,39% 

 

 

Coded Coefficients 

 

Term                                                           Effect    Coef  SE Coef 

Constant                                                                9,375    0,263 

Allocation Fraction_1_1                                         0,000   0,000    0,263 

StockRationLevel_1_1                                           -2,000  -1,000    0,263 

Gold Demand_1                                                  -2,750  -1,375    0,263 

Silver Demand_1                                                -2,250  -1,125    0,263 

Gold Order Size_1                                               3,375   1,687    0,263 

Silver Order Size_1                                             3,125   1,563    0,263 

Gold ORTSreq_1                                                 -0,125  -0,063    0,263 

Silver ORTSreq_1                                               -0,125  -0,062    0,263 

Production LT_1                                                 5,750   2,875    0,263 

Review Time_1                                                   3,375   1,687    0,263 

Production Batch Size_1                                        -1,500  -0,750    0,263 

Allocation Fraction_1_1*StockRationLevel_1_1                   -1,000  -0,500    0,263 

Allocation Fraction_1_1*Gold Demand_1                           1,000   0,500    0,263 

Allocation Fraction_1_1*Silver Demand_1                         0,250   0,125    0,263 

Allocation Fraction_1_1*Gold Order Size_1                      -0,375  -0,187    0,263 

Allocation Fraction_1_1*Silver Order Size_1                    -0,125  -0,062    0,263 

Allocation Fraction_1_1*Gold ORTSreq_1                          0,125   0,063    0,263 

Allocation Fraction_1_1*Silver ORTSreq_1                       -0,625  -0,312    0,263 

Allocation Fraction_1_1*Production LT_1                         0,250   0,125    0,263 

Allocation Fraction_1_1*Review Time_1                          -1,375  -0,687    0,263 

Allocation Fraction_1_1*Production Batch Size_1                 0,250   0,125    0,263 

Gold Order Size_1*Silver Order Size_1                          -0,750  -0,375    0,263 

Allocation Fraction_1_1*Gold Order Size_1*Silver Order Size_1  -0,000  -0,000    0,263 

 

Term                                                           T-Value  P-Value   VIF 

Constant                                                         35,60    0,000 

Allocation Fraction_1_1                                           0,00    1,000  1,00 

StockRationLevel_1_1                                             -3,80    0,005  1,00 

Gold Demand_1                                                    -5,22    0,001  1,00 

Silver Demand_1                                                  -4,27    0,003  1,00 

Gold Order Size_1                                                 6,41    0,000  1,00 

Silver Order Size_1                                               5,93    0,000  1,00 

Gold ORTSreq_1                                                   -0,24    0,818  1,00 

Silver ORTSreq_1                                                 -0,24    0,818  1,00 

Production LT_1                                                  10,92    0,000  1,00 

Review Time_1                                                     6,41    0,000  1,00 

Production Batch Size_1                                          -2,85    0,022  1,00 

Allocation Fraction_1_1*StockRationLevel_1_1                     -1,90    0,094  1,00 

Allocation Fraction_1_1*Gold Demand_1                             1,90    0,094  1,00 

Allocation Fraction_1_1*Silver Demand_1                           0,47    0,648  1,00 

Allocation Fraction_1_1*Gold Order Size_1                        -0,71    0,497  1,00 

Allocation Fraction_1_1*Silver Order Size_1                      -0,24    0,818  1,00 

Allocation Fraction_1_1*Gold ORTSreq_1                            0,24    0,818  1,00 

Allocation Fraction_1_1*Silver ORTSreq_1                         -1,19    0,269  1,00 

Allocation Fraction_1_1*Production LT_1                           0,47    0,648  1,00 

Allocation Fraction_1_1*Review Time_1                            -2,61    0,031  1,00 

Allocation Fraction_1_1*Production Batch Size_1                   0,47    0,648  1,00 

Gold Order Size_1*Silver Order Size_1                            -1,42    0,192  1,00 

Allocation Fraction_1_1*Gold Order Size_1*Silver Order Size_1    -0,00    1,000  1,00 
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On Hand 

Model Summary 

 

       S    R-sq  R-sq(adj)  R-sq(pred) 

0,773633  97,32%     89,60%      57,06% 

 

 

Coded Coefficients 

 

Term                                                           Effect    Coef  SE Coef 

Constant                                                                6,968    0,137 

Allocation Fraction_1_1                                         0,240   0,120    0,137 

StockRationLevel_1_1                                           -1,778  -0,889    0,137 

Gold Demand_1                                                  -2,162  -1,081    0,137 

Silver Demand_1                                                -1,709  -0,855    0,137 

Gold Order Size_1                                               1,510   0,755    0,137 

Silver Order Size_1                                             1,195   0,597    0,137 

Gold ORTSreq_1                                                  0,019   0,009    0,137 

Silver ORTSreq_1                                                0,087   0,043    0,137 

Production LT_1                                                 1,267   0,633    0,137 

Review Time_1                                                   1,149   0,574    0,137 

Production Batch Size_1                                         1,506   0,753    0,137 

Allocation Fraction_1_1*StockRationLevel_1_1                   -0,847  -0,423    0,137 

Allocation Fraction_1_1*Gold Demand_1                           0,518   0,259    0,137 

Allocation Fraction_1_1*Silver Demand_1                         0,143   0,071    0,137 

Allocation Fraction_1_1*Gold Order Size_1                      -0,026  -0,013    0,137 

Allocation Fraction_1_1*Silver Order Size_1                    -0,102  -0,051    0,137 

Allocation Fraction_1_1*Gold ORTSreq_1                          0,018   0,009    0,137 

Allocation Fraction_1_1*Silver ORTSreq_1                       -0,276  -0,138    0,137 

Allocation Fraction_1_1*Production LT_1                         0,265   0,132    0,137 

Allocation Fraction_1_1*Review Time_1                          -0,722  -0,361    0,137 

Allocation Fraction_1_1*Production Batch Size_1                 0,009   0,005    0,137 

Gold Order Size_1*Silver Order Size_1                          -0,539  -0,270    0,137 

Allocation Fraction_1_1*Gold Order Size_1*Silver Order Size_1  -0,062  -0,031    0,137 

 

Term                                                           T-Value  P-Value   VIF 

Constant                                                         50,95    0,000 

Allocation Fraction_1_1                                           0,88    0,405  1,00 

StockRationLevel_1_1                                             -6,50    0,000  1,00 

Gold Demand_1                                                    -7,91    0,000  1,00 

Silver Demand_1                                                  -6,25    0,000  1,00 

Gold Order Size_1                                                 5,52    0,001  1,00 

Silver Order Size_1                                               4,37    0,002  1,00 

Gold ORTSreq_1                                                    0,07    0,947  1,00 

Silver ORTSreq_1                                                  0,32    0,759  1,00 

Production LT_1                                                   4,63    0,002  1,00 

Review Time_1                                                     4,20    0,003  1,00 

Production Batch Size_1                                           5,50    0,001  1,00 

Allocation Fraction_1_1*StockRationLevel_1_1                     -3,10    0,015  1,00 

Allocation Fraction_1_1*Gold Demand_1                             1,90    0,095  1,00 

Allocation Fraction_1_1*Silver Demand_1                           0,52    0,616  1,00 

Allocation Fraction_1_1*Gold Order Size_1                        -0,09    0,928  1,00 

Allocation Fraction_1_1*Silver Order Size_1                      -0,37    0,720  1,00 

Allocation Fraction_1_1*Gold ORTSreq_1                            0,07    0,948  1,00 

Allocation Fraction_1_1*Silver ORTSreq_1                         -1,01    0,343  1,00 

Allocation Fraction_1_1*Production LT_1                           0,97    0,362  1,00 

Allocation Fraction_1_1*Review Time_1                            -2,64    0,030  1,00 

Allocation Fraction_1_1*Production Batch Size_1                   0,03    0,973  1,00 

Gold Order Size_1*Silver Order Size_1                            -1,97    0,084  1,00 

Allocation Fraction_1_1*Gold Order Size_1*Silver Order Size_1    -0,23    0,825  1,00 

 

CoBu model 
Reorder level 
Model Summary 

 

      S    R-sq  R-sq(adj)  R-sq(pred) 

1,22474  98,23%     93,14%      71,68% 

 

 

Coded Coefficients 

 

Term                                                           Effect    Coef  SE Coef 
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Constant                                                                9,563    0,217 

Allocation Fraction_1_1                                        -0,250  -0,125    0,217 

StockRationLevel_1_1                                           -0,625  -0,313    0,217 

Gold Demand_1                                                  -2,250  -1,125    0,217 

Silver Demand_1                                                -2,375  -1,187    0,217 

Gold Order Size_1                                               3,250   1,625    0,217 

Silver Order Size_1                                             3,250   1,625    0,217 

Gold ORTSreq_1                                                  0,000   0,000    0,217 

Silver ORTSreq_1                                                0,125   0,063    0,217 

Production LT_1                                                 5,625   2,812    0,217 

Review Time_1                                                   3,500   1,750    0,217 

Production Batch Size_1                                        -1,750  -0,875    0,217  

Allocation Fraction_1_1*StockRationLevel_1_1                   -1,000  -0,500    0,217 

Allocation Fraction_1_1*Gold Demand_1                           0,875   0,438    0,217 

Allocation Fraction_1_1*Silver Demand_1                        -0,000  -0,000    0,217 

Allocation Fraction_1_1*Gold Order Size_1                      -0,125  -0,062    0,217 

Allocation Fraction_1_1*Silver Order Size_1                    -0,375  -0,187    0,217 

Allocation Fraction_1_1*Gold ORTSreq_1                          0,125   0,063    0,217 

Allocation Fraction_1_1*Silver ORTSreq_1                       -0,500  -0,250    0,217 

Allocation Fraction_1_1*Production LT_1                        -0,250  -0,125    0,217 

Allocation Fraction_1_1*Review Time_1                          -1,125  -0,562    0,217 

Allocation Fraction_1_1*Production Batch Size_1                 0,125   0,062    0,217 

Gold Order Size_1*Silver Order Size_1                          -0,625  -0,313    0,217 

Allocation Fraction_1_1*Gold Order Size_1*Silver Order Size_1   0,250   0,125    0,217 

 

Term                                                           T-Value  P-Value   VIF 

Constant                                                         44,17    0,000 

Allocation Fraction_1_1                                          -0,58    0,580  1,00 

StockRationLevel_1_1                                             -1,44    0,187  1,00 

Gold Demand_1                                                    -5,20    0,001  1,00 

Silver Demand_1                                                  -5,48    0,001  1,00 

Gold Order Size_1                                                 7,51    0,000  1,00 

Silver Order Size_1                                               7,51    0,000  1,00 

Gold ORTSreq_1                                                    0,00    1,000  1,00 

Silver ORTSreq_1                                                  0,29    0,780  1,00 

Production LT_1                                                  12,99    0,000  1,00 

Review Time_1                                                     8,08    0,000  1,00 

Production Batch Size_1                                          -4,04    0,004  1,00 

Allocation Fraction_1_1*StockRationLevel_1_1                     -2,31    0,050  1,00 

Allocation Fraction_1_1*Gold Demand_1                             2,02    0,078  1,00 

Allocation Fraction_1_1*Silver Demand_1                          -0,00    1,000  1,00 

Allocation Fraction_1_1*Gold Order Size_1                        -0,29    0,780  1,00 

Allocation Fraction_1_1*Silver Order Size_1                      -0,87    0,412  1,00 

Allocation Fraction_1_1*Gold ORTSreq_1                            0,29    0,780  1,00 

Allocation Fraction_1_1*Silver ORTSreq_1                         -1,15    0,282  1,00 

Allocation Fraction_1_1*Production LT_1                          -0,58    0,580  1,00 

Allocation Fraction_1_1*Review Time_1                            -2,60    0,032  1,00 

Allocation Fraction_1_1*Production Batch Size_1                   0,29    0,780  1,00 

Gold Order Size_1*Silver Order Size_1                            -1,44    0,187  1,00 

Allocation Fraction_1_1*Gold Order Size_1*Silver Order Size_1     0,58    0,580  1,00 

 

On Hand 
Model Summary 

 

       S    R-sq  R-sq(adj)  R-sq(pred) 

0,609883  97,79%     91,42%      64,58% 

 

 

Coded Coefficients 

 

Term                                                           Effect    Coef  SE Coef 

Constant                                                                7,140    0,108 

Allocation Fraction_1_1                                        -0,028  -0,014    0,108 

StockRationLevel_1_1                                           -0,556  -0,278    0,108 

Gold Demand_1                                                  -1,645  -0,822    0,108 

Silver Demand_1                                                -1,796  -0,898    0,108 

Gold Order Size_1                                               1,395   0,698    0,108 

Silver Order Size_1                                             1,282   0,641    0,108 

Gold ORTSreq_1                                                  0,185   0,092    0,108 

Silver ORTSreq_1                                                0,284   0,142    0,108 

Production LT_1                                                 1,159   0,580    0,108 

Review Time_1                                                   1,321   0,660    0,108 

Production Batch Size_1                                         1,311   0,655    0,108 

Allocation Fraction_1_1*StockRationLevel_1_1                   -0,898  -0,449    0,108 

Allocation Fraction_1_1*Gold Demand_1                           0,483   0,241    0,108 

Allocation Fraction_1_1*Silver Demand_1                        -0,056  -0,028    0,108 
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Allocation Fraction_1_1*Gold Order Size_1                       0,172   0,086    0,108 

Allocation Fraction_1_1*Silver Order Size_1                    -0,378  -0,189    0,108 

Allocation Fraction_1_1*Gold ORTSreq_1                          0,098   0,049    0,108 

Allocation Fraction_1_1*Silver ORTSreq_1                       -0,176  -0,088    0,108 

Allocation Fraction_1_1*Production LT_1                        -0,175  -0,088    0,108 

Allocation Fraction_1_1*Review Time_1                          -0,426  -0,213    0,108 

Allocation Fraction_1_1*Production Batch Size_1                -0,078  -0,039    0,108 

Gold Order Size_1*Silver Order Size_1                          -0,412  -0,206    0,108 

Allocation Fraction_1_1*Gold Order Size_1*Silver Order Size_1   0,188   0,094    0,108 

 

Term                                                           T-Value  P-Value   VIF 

Constant                                                         66,22    0,000 

Allocation Fraction_1_1                                          -0,13    0,899  1,00 

StockRationLevel_1_1                                             -2,58    0,033  1,00 

Gold Demand_1                                                    -7,63    0,000  1,00 

Silver Demand_1                                                  -8,33    0,000  1,00 

Gold Order Size_1                                                 6,47    0,000  1,00 

Silver Order Size_1                                               5,95    0,000  1,00 

Gold ORTSreq_1                                                    0,86    0,417  1,00 

Silver ORTSreq_1                                                  1,32    0,224  1,00 

Production LT_1                                                   5,38    0,001  1,00 

Review Time_1                                                     6,13    0,000  1,00 

Production Batch Size_1                                           6,08    0,000  1,00 

Allocation Fraction_1_1*StockRationLevel_1_1                     -4,17    0,003  1,00 

Allocation Fraction_1_1*Gold Demand_1                             2,24    0,056  1,00 

Allocation Fraction_1_1*Silver Demand_1                          -0,26    0,803  1,00 

Allocation Fraction_1_1*Gold Order Size_1                         0,80    0,448  1,00 

Allocation Fraction_1_1*Silver Order Size_1                      -1,75    0,117  1,00 

Allocation Fraction_1_1*Gold ORTSreq_1                            0,46    0,661  1,00 

Allocation Fraction_1_1*Silver ORTSreq_1                         -0,82    0,438  1,00 

Allocation Fraction_1_1*Production LT_1                          -0,81    0,440  1,00 

Allocation Fraction_1_1*Review Time_1                            -1,98    0,083  1,00 

Allocation Fraction_1_1*Production Batch Size_1                  -0,36    0,726  1,00 

Gold Order Size_1*Silver Order Size_1                            -1,91    0,093  1,00 

Allocation Fraction_1_1*Gold Order Size_1*Silver Order Size_1     0,87    0,408  1,00 
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APPENDIX 17 (CASE STUDY: SETUP OF TEST MATERIALS) 
Three products were selected as test cases for the alternative policies, those are shown in Table 18. 

Table 18 Selected Products on which the alternative policies will be tested 
# PRODUCT GROUP # OF 

ORDERS 
E(ORTS-TIME) IN 
DAYS 

Σ(ORTS-TIME) 
IN DAYS 

E(VOLUME) 
IN KG 

Σ(VOLUME) IN 
KG 

1 (BULK) Gold 60 7 5 19.716 4.088 

Silver 293 5 4 10.899 3.538 

2 (PACKED) Gold 422 14 10 6.832 7.518 

Silver 454 10 8 5.502 7.087 

3 (PACKED) 
 

Gold 573 15 10 3.199 2.438 

Silver 534 10 9 6.727 4.764 

In this table the gold and silver customers were separated using the earlier developed segmentation 

framework. All customers of segment 1 and 2 (recall Figure 8) were identified as gold customers, the 

remainder of the customers are silver customers. Based on the interviews and data analysis it was 

determined what parameter settings were fitting those three products. The final setup is shown in 

Table 19. 

Table 19 Product setup for case study 
PRODUCT REVIEW TIME IN 

DAYS 
EXPECTED LT IN 
DAYS 

STANDARD DEVIATION 
LT IN DAYS 

REPLENISHMENT BATCH 
SIZE IN KG 

1 7 1 1 74.400 
2 1 24 11 816 
3 1 17 6 16.000 

It can be seen that the products are very different. The first product is a bulk product. The other two 

products are packed products. Their replenishment time is considerable longer than the 

replenishment time of product 1. Moreover, the second product distinct because of its low 

replenishment size. Often very small replenishments were made for this product, up to one Stock-

Keeping-Unit (SKU). 

Product 1 (bulk) 

Review 
Time in days 

Expected LT 
in days 

Standard 
Deviation LT in 
days 

Replenishment Batch 
Size in KG 

𝑶𝑹𝑻𝑺𝒎𝒊𝒏𝒊𝒎𝒖𝒎
𝒔𝒊𝒍𝒗𝒆𝒓  in 

days 

7 1 1 74.400 2 

 Review time: Seven days, which is the timeframe of a production schedule. 

 Production lead-time: One day with a standard deviation of one day. This is an assumption 

based on an interview with one of the schedulers. He stated that MTS materials are usually 

produced in an early stage of the production schedule. In other words, they have priority. It is 

a very rough approximation of the production time. This should be kept in mind when we 

analyse the results. 

 Order quantity: 74.400 KG, which is the most commonly produced quantity. It sometimes 

happens that this quantity varies. However, as this variation is based on factors outside the 

scope, we keep a fixed order quantity of 74.400 KG. 

 Standard ORTS time gold customers: Two days, which is the current ORTSminimum time for 

customers. 
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Product 2 (packed) 

Review 
Time in days 

Expected LT 
in days 

Standard 
Deviation LT in 
days 

Replenishment Batch 
Size in KG 

𝑶𝑹𝑻𝑺𝒎𝒊𝒏𝒊𝒎𝒖𝒎
𝒔𝒊𝒍𝒗𝒆𝒓  in 

days 

1 24 11 816 2 

 Review time: One day, in contrast to the bulk materials, the packed materials are not 

bounded to the one week review time. The raw materials from packed materials are bulk 

materials. Those bulk materials have to be shipped to the packaging facility when a 

replenishment order is placed. As those bulk materials can most often be delivered from 

stock, and the packaging can be scheduled during transportation, no fixed review time is 

required. Even though, a packed product scheduler cannot be expected to check product 

availability continuously. Therefore, a one day review time is assumed. 

 Production lead-time:  24 Days with a standard deviation of 11 days. This is very long, but 

based on the data from the enterprise system this was the replenishment lead time during 

2015. 

 Order quantity: 816 KG, which is the weight of one packed product. For packed materials no 

direct batch requirement is needed. You therefore often see that materials are replenished 

by one each time. 

 Standard ORTS time gold customers: Two days ORTSminimum time for gold customers, which 

is the current ORTS-time for customers. 

Product 3 (packed) 

Review 
Time in days 

Expected LT 
in days 

Standard 
Deviation LT in 
days 

Replenishment Batch 
Size in KG 

𝑶𝑹𝑻𝑺𝒎𝒊𝒏𝒊𝒎𝒖𝒎
𝒔𝒊𝒍𝒗𝒆𝒓  in 

days 

1 17 6 16.000 2 

 Review time: One day, in contrast to the bulk materials, the packed materials are not 

bounded to the one week review time. The raw materials from packed materials are bulk 

materials. Those bulk materials have to be shipped to the packaging facility when a 

replenishment order is placed. As those bulk materials can most often be delivered from 

stock, and the packaging can be scheduled during transportation, no fixed review time is 

required. Even though, a packed product scheduler cannot be expected to check product 

availability continuously. Therefore, a one day review time is assumed. 

 Production lead-time:  17 days with a standard deviation of 6 days. This is very long, but based 

on the data from the enterprise system this was the replenishment lead time during 2015. 

 Order quantity: 16.000 KG, since all replenishment orders in the past year were in multiples 

of this amount. 

 Standard ORTS time gold customers: Two days ORTSminimum time for gold customers, which 

is the current ORTS-time for customers.  
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APPENDIX 18 (BUSINESS RULE 1) 
Measure Basic-Model CoBu-model 

Product 1 

Fill-Rate 

  
On-Hand 

  

Optimal 
Reorder 
level 

  
Minimal 
On-Hand 
Inventory 

  
Product 2 

Fill-Rate 
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On-Hand 

  
Optimal 
Reorder 
level 

  
Minimal 
On-Hand 
Inventory 

  
Product 3 

Fill-Rate 

  

On-Hand 
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Optimal 
Reorder 
level 

  

Minimal 
On-Hand 
Inventory 
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APPENDIX 19 (COMBINE BUSINESS RULE 1 WITH STOCK RATIONING) 
Measure CoBu-model 

Product 1 

Reorder 
level 

 
On-Hand 

 
Product 2 
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Reorder 
level 

 
On-Hand 

 
Product 3 

Reorder 
level 
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On-Hand 
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APPENDIX 20 (BUSINESS RULE 2) 
Measure Basic-model CoBu-model 

Product 1 

Inventory 
Levels 
versus 
Fill-rates 

  

Product 2 

Inventory 
Levels 
versus 
Fill-rates 

  
Product 3 

Inventory 
Levels 
versus 
Fill-rates 

  

 


