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Abstract 
 

This thesis is conducted to achieve the goals of the service department regarding the spare part delivery 

performances. The service department categorizes its spare part orders based on urgency and strives to 

deliver all urgent orders immediately from stock and all less-urgent orders on time. Moreover, this research 

only includes the influence of the service department on the delivery performances; other stakeholders are 

out of scope. Research showed that the service department should define its goals more specifically; it 

should set targets to the KPIs fill-rate and on-time delivery for every order category. Next, a root-cause 

analysis shows two main reasons for not meeting the desired delivery performances influenced by the 

service department. First, one spare part category includes both urgent and less-urgent orders making it 

hard to set and meet specific targets to the KPIs of this category. Second, order priority is only included 

manually after the confirmed delivery date is determined with the available-to-promise check in SAP. As a 

result, the order sequence of deliveries is disturbed, leading to a delay of the delivery of a less-urgent order. 

Moreover, the service department determines the priority of an order based on its own experiences; no rules 

are included, leading to a differentiation in the prioritization per employee. We recommend the service 

department to divide the order category that includes both urgent and less-urgent orders. Next, to minimize 

the differences between the employees in determining the urgency of an order, the service department 

should set up a list of requirements that indicates when an order is urgent and should be prioritized. Lastly, 

in this research is investigated if including priority already in the ATP check by using a critical level equal 

to the safety stock for all SKUs leads to an increase in the on-time delivery. We can conclude that using a 

critical level increases the fill-rates of the urgent orders; however, the holding costs also increase 

substantial. Therefore, the service department should do further research to the optimal critical level for 

every SKU that is demanded in both urgent and less-urgent orders to diminish the increase in the holding 

costs.  
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Management summary 
This thesis is a result of a graduation project executed at the service department of Marel Poultry in 

Boxmeer. The service department is one of the departments that is responsible for the spare part order 

handling and inventory control.  

Problem statement 

The service department of Marel Poultry desires an improvement in the delivery performance of the after-

sales service of spare parts. The delivery performance can be divided in the performances regarding an 

immediate delivery from stock, i.e. the fill-rate, and the performance regarding a delivery delay, i.e. the on-

time delivery. The service department experiences that not all urgent orders can be delivered from stock in 

full and that the service department experiences a delivery delay estimated in at least 50 percent of all 

deliveries. However, the supply chain department of Marel Poultry measures that on average 97.6 percent 

of all order-lines are on stock the moment they are planned to be on stock. The service department and the 

supply chain department clearly have a different perception of the spare parts delivery performances. Before 

a common perception of the delivery performances can be created, the service department should at first 

define its own goals and influences towards the delivery performance. Therefore, this research only includes 

the influence of the service department on the delivery performances. 

Research question 

The purpose of this study is to ensure that the spare part delivery performances will meet the expectations 

of the service department. To accomplish this goal the following research question is defined: 

“How can the service department of Marel Poultry achieve its goals regarding the spare part delivery 

performance per spare part category?” 

Methodology 

We performed a root-cause analysis using quantitative and qualitative research. First, by observing 

meetings, personal conversations and discussions, the goals of the service department, the problem and 

potential causes have become clear. Second, to validate these potential causes, we analyzed the historical 

data on similarities between the delayed orders, striking cases, and the comments of the employees added 

to the data that describe the specific problem of the delay. Third, we continued this validation by the use 

of semi-structured interviews with five employees of the service department and three employees of the 

supply chain department. Based on the root-causes found we proposed two changes in the order handling. 

Lastly, we checked if these changes are beneficial using simulations.  

Spare parts category 

The service department categorizes its spare parts in two ways. First, the AE-coding categorizes SKUs on 

its criticality and failure rate. Second, orders are categorized based on the reason of ordering, which depends 

on the maintenance concept and the urgency of the order. This research focusses mainly on the 

categorization on order level because the service department focusses on the on-time delivery and fill-rate 

on order level. Orders are categorized based on the following orderreasons: 

- orderreason 1 - line down/emergency (customer down); 

- orderreason 2 - reactive (break-fix/stock replenishment); 

- orderreason 3 - recommended parts package (Start-up); 

- orderreason 4 - preventive/overhaul maintenance; 

- orderreason 5 - upgrade/modification. 
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Delivery performance goals 

The service department differentiates its goals for the delivery performance based on the urgency of the 

order. Orderreason 1 and 2 are grouped as urgent orders and orderreason 3,4 and 5 as less-urgent orders. 

The service department strives to deliver all urgent orders directly from stock; in addition, the focus of less-

urgent orders is rather on the on-time delivery instead of the delivery from stock (see Table 1). These goals 

are expressed vaguely and imprecise. The service department should set specific targets for the KPIs fill-

rate and on-time delivery for each categorization of the orders (Silver, Pyke, & Peterson, 1998) (Stewart, 

1995).  

Table 1 - Goals of the service department per orderreason 

Orderreasons  Delivery from stock 

(customer lead-time) 

Delay in the order 

1-2    urgent orders Deliver all orders from stock Minimize order delay after the 

planned order date 

3-4-5 preventive 

orders 

Plan orders,  

Delivery from stock not necessary.   

Minimize order delay after the 

planned order date 

Root-causes 

We found two root-causes of a delivery delay that can be influenced by the service department. First, 

although orderreason 2 suggests an order is urgent, the category includes many orders that are not. This is 

a serious problem, as results of the order demand allocation to orderreason categorization shows that more 

than 80 percent of all orders is allocated to orderreason 2. Interviews have shown that orderreason 2 is used 

as a rest category and therefore orders in this category vary from an urgent break-fix order to a large periodic 

replenishment order. Currently, the goals of orderreason 2 are based on the most urgent orders allocated. 

Because the less-urgent orders in orderreason 2 are delivered according to the confirmed delivery date 

determined by the available-to-promise check (ATP-check), these goals are often not achieved.  

Second, priority is only included manually. This leads to a differentiation in the prioritization between spare 

parts coordinators (SPCs). The main tasks of the service department is to determine the confirmed delivery 

date in the order entry phase, to forecast the demand, and to manage the inventory. By the use of the ATP-

check in SAP, the SPC determines the confirmed delivery date. Priority is only included manually after the 

ATP-check. The priority of an order is based on the personal experience of the SPC; no rules are included. 

This priority might intervene less-urgent orders that are scheduled in the future. On top of that, this manual 

priority setting increases the workload of the SPCs and the planners. As a result, the SPC and planners stay 

in a vicious circle and remain problem solving instead of working on preventive solutions to improve the 

delivery performance. 

Changes in the order handling. 

Based on the root-cause analysis we propose to set clear priority rules and to divide orderreason 2 in urgent 

orders and less-urgent orders. Using simulations, first, we test if a division in orderreason 2 and setting 

priority to urgent orders of orderreason 2, i.e. orderreason 2.A., improves the delivery performances. 

Thereafter we test if setting a critical level to all SKUs improves the order-fill rate (OFR) of the urgent 

orders and the on-time delivery (OTD) of the less-urgent orders.  

Table 2 shows the main results of both changes in the order handling. The results of the division of 

orderreason 2 are based on the comparison with the current model and the results of the critical level are 
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based on the comparison with the results of the division of orderreason 2. We can conclude that both 

changes improve the OFR of urgent orders. The costs to deliver one urgent order more immediately from 

stock are €26 and a rescheduling of one less-urgent order. If a critical level is added to the division of 

orderreason 2, results show that the costs per extra urgent order delivered immediately from stock is €316. 

Table 2 - Main results of the changes in the order-handling process 

  Divide orderreason 2 Critical level 

Fill-rate 

(LIFR,OFR) 

Orderreason 1  OFR: ↑ 4.48 percent point.  

(47 orders) 

 Orderreason 

2.A. 
OFR: ↑ 0.94 percent point.  

(146 orders) 

OFR: ↑ 2.51 percent point. 

(389 orders) 

 Less-urgent 

orders  

 OFR: ↓ almost to 0.  

(no delivery from stock for 

orderreason 2.B, 3 and 5) 

On-time 

delivery 

Urgent orders   

 Less-urgent 

orders 
↓ 1.35 percent point 

(151 orders) 

negligible 

Holding costs  ↑ 3.10 percent 

(€3807; €26 per order) 

↑ 11.31 percent 

(€137.900; €316.28 per order) 

 

Recommendations 

Targets of KPIs 

First, we recommend the service department to define targets for the KPIs fill-rate, i.e. order fill-rate and 

line-item fill-rate, and on-time delivery, i.e. on create delivery date, warehouse finish date and realized 

finish date. The service department should discuss these targets and KPIs with the supply chain department 

to reach a common perception of the delivery performances. Furthermore, these KPIs should be measured 

monthly. Defining KPIs creates understanding at the service department about the actual delivery 

performances, which results in a better overview of the improvement possibilities for the service 

department.  

Dividing orderreason 2 

Second, we recommend the service department to divide orderreason 2 in orderreason 2.A and 2.B. This 

gives a more specific view of the delivery performances and the service department can better implement 

the priority rules on the orderreasons. However, the service department should further specify when an 

order is urgent. Therefore, we recommend the service department to set up a list of requirements to create 

clear rules for the allocation of an order to an orderreason.  

Critical level 

Third, results of the critical level show that this change can provide a high improvement in the fill-rates. 

To further optimize this priority rule, we recommend the service department to conduct further research to 

the implementation of the critical level. In this research, a critical level is set for all SKUs, while not all 

SKUs are ordered in an urgent order and a less-urgent order. The service department should further 

investigate which SKUs often intervene less-urgent orders and what the optimal critical level for these 

SKUs will be.  
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1. Introduction 
This thesis is the result of a master graduation project conducted at Marel Poultry in order to receive a 

master degree in Operations Management and Logistics at the Eindhoven University of Technology. This 

thesis is performed at the service department of Marel Poultry. The service department experiences that not 

all its goals regarding the spare parts delivery performances are met and strives to improve these delivery 

performances. In Section 1.1, Marel Poultry is shortly introduced. In Section 1.2, an overview of the spare 

part order handling is given. Thereafter, in Section 1.3, the service department is introduced. Lastly, in 

Section 1.4, the thesis outline is explained. 

1.1. Company background 
Marel is the leading global provider of advanced food processing systems and serves three different 

industries: Marel Poultry, Marel Meat and Marel Fish. It was founded in Reykjavik in 1983 and has 

expanded since then from 12 employees in Iceland to 5400 employees working in over 30 countries. 

Moreover, it is a global leader in a dynamic growth industry with a revenue over EUR 1 billion and EBIT 

(Earnings Before Interests and Taxes) margin of 15%. Marel represents its way of working and level of 

importance with its values: unity, innovation, and excellence. These values support its vision: A world 

where quality food is produced sustainably and affordably. 

1.2. Thesis environment 
This research evaluates and improves the order handling process of spare parts of Marel Poultry. The order 

handling process includes all activities of  Marel Poultry from the order arrival until the order shipment. In 

Figure 1, the main activities are shown; which are (i) the order entry, (ii) replenishment of inventory, (iii) 

picking and packing, and (iv) the preparation of the shipment.  

First, when the order arrives, the order is entered in the system and the delivery date is confirmed with the 

customer. Second, if ordered parts are not on stock, these should be ordered at the supplier or the production 

department, Third, when all parts are available, they are picked and packed, and delivered to the customer. 

In this process many departments are involved. The service department is the link between Marel Poultry 

and the customer; it determines the confirmed delivery date and is responsible for the demand forecast. 

Next, the supply chain department is the link between Marel Poultry and the supplier; its main task is to 

replenish inventory. Additionally, if a part is made in-house, the production department will also be 

included in replenishing the inventory. Lastly, the warehouse picks and packs all parts that are ordered and 

the shipping department facilitates that all orders can be shipped towards the customer; however, the real 

shipment towards the customer is not included in this research because it depends highly on the customer.

 

Figure 1 - General overview of the order process 

SERVICE

Confirm delivery date with 
customer

SUPPLY CHAIN

/PRODUCTION

Ensure avaialbility of all parts

WAREHOUSE

Picking and packing

SHIPPING

(prepare) shipment
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1.3. The service department 
All departments that are involved in the order handling process strive to an optimal order handling process. 

However, the departments interpret this optimality differently because of specific goals per tasks and 

activities, which are different for each department. Moreover, each department has other stakeholders to 

satisfy. As a result, departments work individually towards their own set goals. The focus of this research 

will be on the goals of the service department to optimize the delivery performance of the order handling 

process.  

The service department is responsible for the spare part after sales service. This service is divided in 

providing spare parts and performing after sales maintenance. This research focusses only on the delivery 

performances of the spare parts delivery, after sales maintenance is not included. The main stakeholders of 

the service department relating to the spare parts delivery are the customer, which is an external stakeholder, 

and the supply chain department, which is an internal stakeholder. Figure 2 shows all stakeholders discussed 

in this research. Some other stakeholders are not shown since they are out of scope. Despite the fact that 

this research includes also the activities of the internal stakeholders, this research focusses mainly on 

analyzing the activities of the service department in the order handling process.  

 

Service 

Department
Customer

Supply chain 

department

Warehouse

Shipping 

departmentt

External stakeholdersExternal stakeholders Internal stakeholdersInternal stakeholders

 

Figure 2 - Stakeholders of the service department included in this research 

Figure 3 shows the organigram of the service department. This research focuses mainly on the customer 

support group and the structural group, indicated by the red boxes in Figure 3. The customer support group 

connects Marel Poultry and the customer. It receives and processes all orders; it aims at providing the best 

service towards the customer. Next to that, it is in contact with the supply chain department about the 

inventory control and the exceptions in the order handling process. Furthermore, the structural group 

supports the total service department by improving systems and processes. In addition, the structural group 

is responsible for the demand forecast of all spare parts.   
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Figure 3 - Organigram of the service department 

 

1.4. Thesis outline 
Chapter 2 introduces the problem of the service department and the corresponding research goal. In Chapter 

3, the maintenance concept and the spare part categories of the service department of Marel Poultry are 

explained. Thereafter, the role of the service department becomes clear by mapping the total customer lead-

time and by explaining the activities of the order handling process in Chapter 4. Next, in Chapter 5, the 

goals of the service department are linked to KPIs to specify the goals per spare part category. The root-

causes of the service department of not meeting its goals regarding the delivery performances are described 

in Chapter 6. Then, in Chapter 7, a basic model of the order handling and inventory replenishment is 

explained, continued by a model for the proposed changes in the order handling. To verify if these changes 

in the order handling are beneficial a case study is given in Chapter 8. Lastly, in Chapter 9, the research 

question is answered by concrete conclusions, recommendations and suggestions for further research. 
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2. Research design 
In this chapter, the current problem of Marel Poultry is made clear in Section 2.1. Thereafter, the research 

goal is discussed in Section 2.2. Next, in Section 2.3 the scope is explained to create more understanding 

in what activities relate to the problem. To solve the problem, a set of research questions are established in 

Section 2.4. To complete the research design in Section 2.5 the main deliverables are described.  

2.1. Problem statement 
The service department of Marel Poultry suspects an opportunity to improve the after-sales service of spare 

parts regarding the delivery performances. The delivery performances depend on the customer lead-time, 

defined as “the time between the order arrival and the order shipment” in this research. The transport time, 

however, is not taken into account since this time depends too much on the customer and its location 

(Handfield & Pannesi, 201; Karim et al., 210; Syntetos & Keyes, 2009). This suspicion has arisen because 

the service department experiences a delivery delay estimated in at least 50 percent of the deliveries. 

However, the supply chain department of Marel Poultry measures that on average 97.6 percent of all order-

lines are on stock at creating the delivery (Palmen, 2018). These measures give a different view of the 

delivery performance than the service department experiences. As a result, the service department and the 

supply chain department have different perceptions of the current customer lead-time reliability, i.e. the on-

time delivery (Stewart, 1995).  

Next, the service department aims at satisfying the customer. Therefore, it delivers all orders as soon as 

possible to create a small customer lead-time for all orders. Furthermore, an emergency or break-fix order 

is expected to be delivered immediately from stock, with a customer lead-time of less than one day. If an 

order cannot be delivered according to the desires of the customer, the service department tries to arrange 

an earlier delivery date, leading to exceptional order handling that include many extra tasks. These 

exceptional tasks may lead to a higher workload and frustrations in the workplace.   

To conclude, the service department has set goals regarding the spare parts delivery performances; it strives 

to on-time delivery, and to deliver all emergency and break-fix orders immediately from stock. However, 

the service department experiences that these goals are not always achieved and that it runs behind the facts 

to satisfy its customer leading to an increase in the workload.  

2.2. Research goal 
Taking the research problem into account the following research goal can be set: 

The purpose of this study is to ensure that the goals of the service department regarding the spare 

part delivery performances are achieved.  
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2.3. Scope  
Figure 4 shows the scope of the research that is determined by the research problem, the research goal, and 

the spare parts management framework of Driessen, Arts, Houtum van, Rustenburg, & Huisman (2015). 

1. Assortment management

Define spare parts 

assortment

Gather parts (technical) 

information

3.Parts return forecasting

Classify parts with respect to 

returns forecasting

Forecast part return rates and 

return time

2. Demand forecasting

Classify parts with respect to 

demand forecasting

Characterize demand 

process

6. Inventory control

Classify parts and determine 

stocking strategy

Select replenishment policy

Determine replenishment 

policy parameters

4. Supply management

Manage supplier availability 

and characteristics

Control supply lead time and 

supply parameters

Select supply source(s) and 

contract(s)

5. Repair shop control

Determine repair shop 

resource capacities

Schedule repair jobs

7. Spare parts order handling

Define preconditions order 

handling process

Manage spare parts orders

8. Deployment

Define preconditions order 

process

Manage procurement and 

repair orders

Out of scope

Service department

Supply chain department

Service & Supply chain department

SCOPE

 

Figure 4 - Spare parts management framework of Driessen, Arts, Houtum van, rustenburg, & Huisman (2015) 

Figure 4 shows that Driessen et al. (2015) explain eight steps in their framework of spare parts management. 

However, since Marel Poultry only focusses on new spare parts, step five – repair shop - is not included in 

this research. Next, spare parts return is exceptional at Marel Poultry; therefore, step three - parts return 

forecasting - is also considered out of scope. Moreover, the aim of this research is improving on-time 

delivery concerning the responsibilities of the service department. Therefore, the steps that are exercised 

by the supply chain department are also excluded from the research; this concerns step four – supply 

management – and step eight – deployment. Consequently, the service department is responsible for the (i) 

assortment management, (ii) demand forecasting, (iii) inventory control, and (iv) spare parts order handling.  

Assortment management 

In this step is decided whether to include the spare part in the assortment and to maintain its technical 

information. This decision highly depends on the maintenance policy, the mean time before failure and the 

part criticality (Driessen et al., 215). However, including a spare part in the assortment does not imply that 

it will be stocked.  

The service department of Marel Poultry decides to include the spare part in the assortment based on the 

AE-coding, which categorizes spare parts on its criticality and failure rate (explained extendedly in Chapter 
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3). However, in practice, not all SKUs are coded yet and the decision if an order should be delivered is not 

based on the assortment. Nevertheless, assortment management is not included in the scope of the research 

because the rules to decide if a part should be in the assortment are defined clear.  

Demand forecasting 

At first, all spare parts are classified based on the AE-code to support the demand forecasting. Future 

demand can be classified as (partially) planned or unplanned demand, depending on the availability of 

advance demand information (ADI). Moreover, using ADI can decrease the forecast error, while, on the 

other side, it increases the difficulty, the effort, and the operational costs for demand forecasting. After 

classification, the best method for demand forecasting is chosen (Driessen et al., 215). 

The demand forecasting of the spare parts of Marel Poultry is performed by SLIM4, which is an application 

that determines the best forecasting method for each SKU. Moreover, it only bases the demand forecast on 

historical data. Consequently, all parts are considered as unplanned. Moreover, only if enough historical 

data is available, a reliable forecast can be made. Since the demand forecasting is a very important part 

concerning the customer lead-time, the decision is made to include demand forecasting in the scope.  

Inventory control 

This step decides which spare parts to stock and in what quantities. At first, the spare parts are classified to 

support the determination of the stocking strategy; parts are classified based on their criticality. Thereafter, 

by the use of a stocking strategy is determined which spare parts to stock. After this, for every SKU a 

replenishment policy should be selected, which depends on the review period, the timing and frequency of 

replenishment orders, and the size of an order (batching). Last, the parameters of the replenishment policy 

should be determined (Driessen et al., 215).  

Both the service department and the supply chain department are responsible for this step. The service 

department is responsible for the calculation of the safety stock for every critical spare part; SLIM4 

calculates these safety stocks based on the forecasted demand, the determined service level and the lead-

time of the supplier. Next, the supply chain department regulates the replenishment of all parts; it determines 

when to order the spare part and how many spare parts to order. Because inventory control is very important 

in the determination of the customer lead-time, this step of the spare parts management framework is 

included in the research. However, the activities regulated by the service department have higher priority 

than the activities regulated by the supply chain department.  

Spare parts order handling 

This step determines the preconditions of the order handling process by deciding if a spare part order is 

accepted, adjusted or rejected. Moreover, it decides the order sequence by prioritization the orders on their 

criticality. However, because of many exceptions, the spare parts order handling faces an allocation 

problem, for which the optimal solution is not generally known (Driessen et al., 215).  

This part of the spare parts management framework is directly linked with the service department. Spare 

parts coordinators (SPCs) perform the intake of an order and determine the priority of that order, based on 

the five order reasons explained later in the research. Moreover, SPCs determine the confirmed delivery 

date and thus the customer lead-time. Since these decisions are very important for the final reliability of the 

customer lead-time, this step of the framework is definitely included in the research. 
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2.4. Research questions  
Concerning the problem statement of Section 2.1 and the research goal of Section 2.2 the following research 

question can be formulated: 

 How can the service department of Marel Poultry achieve its goals regarding the spare part delivery 

performance per spare part category? 

The research design is divided in three parts and five sub-questions as is shown in Figure 5. 

   

 

The service department aims at achieving its goals regarding the delivery performances by improving its 

own methods and procedures. The goals of the service department regarding the delivery performance vary 

per spare part category, therefore it is important to understand how these categories are composed before 

the goals are discussed in more detail.  

1. How does the service department of Marel Poultry define its spare part categories? 

a. Why does Marel Poultry categorize its spare parts? 

b. What is the maintenance concept of Marel Poultry? 

c. How is this maintenance concept related to the spare part categorization of Marel Poultry? 

d. How is the spare part demand of Marel Poultry divided per category? 

Next, the role of the service department in the total order handling process should become clear. Therefore, 

it is important to investigate all processes of the order handling in the delivery of an order.  

2. What is the role of the service department in the delivery of an order? 

a. Which actions and activities are included in the total delivery of an order? 

b. Which of these actions determine the customer lead-time? 

c. Which departments are responsible for these actions and activities? 

• Spare part categories

• Order handling process

1. Order handling

• Goals per orderreason

2. Goals of the service department 

• Root-causes of not meeting the delivery performance 
goals.

• Priority in the order handling process

3. Improving the delivery performance

Figure 5 - Research design 
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To ensure that the goals are met, it is important that they are first clearly defined per category. Next, the 

magnitude of the problem should be indicated by measuring the current delivery performances.  

3. To what extent does the service department achieve its goals regarding the delivery performances? 

a. What are the goals of the service department regarding the delivery performances per spare part 

category? 

b. Which KPIs measure these goals? 

c. What are the current values of these KPIs? 

Next, to find the reasons for a delivery delay, we perform a root-cause analysis by analyzing the historical 

data, the manco list and the delivery time request (DTR) list and by semi-structured interviews with SPCs 

and planner. 

4. Why are the goals of the service department not achieved? 

a. What are the root-causes of a delivery delay? 

b. What are the root-causes of not delivering an order immediately from stock? 

Despite the fact that the service department has different delivery performance goals per spare part category, 

the service department delivers all orders as soon as possible. No priority is included in the process, while 

priority is included in the delivery performance goals. Therefore, the effects of including priority in the 

order handling process should be investigated.   

5. What are the effects on the delivery performances if priority is included in the order handling process? 

a. What is the current model to replenish inventory and handle the orders? 

b. Which priority rules can be included in the current model to improve the KPIs? 

c. What are the effects on the delivery performance if these priority rules are included in the current 

model?  

2.5. Deliverables 
The deliverables that follow from the research questions in Section 2.4 are defined. 

- Clear overview of all activities in the order handling process from the order entry until the order 

delivery. ~ Chapter 4 

- Determination of the role of the service department in the order handling process. ~ Chapter 4 

- Key performance indicators (KPIs) assigned to the goals regarding the delivery performances. ~ 

Chapter 5 

- Current values of these KPIs. ~ Chapter 5 

- Root-causes of not meeting delivery performances. ~ Chapter 6 

- New methods to include priority in the order handling process. ~ Chapter 7and 8 
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3. Spare part categories 
RQ1: How does the service department of Marel Poultry define its spare pa rt categories? 

 “An important operational issue involved in the management of spare parts is that of categorizing the 

relevant stock keeping units (SKUs) in order to facilitate decision-making with respect to forecasting and 

stock control and to enable managers to focus their attention to the most ‘important’ SKUs.” 

– (Syntetos, Keyes, & Babai, 2008, p. 292) 

Different forecasting and stock control methods can be used, because of varying demand structures of stock 

keeping units (SKUs) in the after-sales service. Therefore, a need arises to categorize SKUs and to 

determine the most appropriate methods for each category (Boylan, Syntetos, & Karakostas, 2008). In 

accordance with the literature, the service department of Marel Poultry has classified its spare parts to better 

manage their spare parts. 

Marel Poultry uses (i) AE-coding and (ii) order reasons to categorize spare parts. The AE-coding 

distinguishes the criticality of parts and supports the maintenance concept of Marel Poultry; different 

service levels are assigned in the maintenance concept. Next, the order reasons distinguish planned and 

unplanned demand to optimize the forecast of the spare parts in SLIM4, and they contribute to better control 

in the warehouse. The order reason implementation enables suitable and targeted key performance 

indicators (KPIs) per order category. This is profitable because reporting outcomes per order type create 

better insights in Marel Poultry’s business and performances (Poels, 2016).  

This chapter explains the categorization of the spare parts. These categories are examined by interviewing 

the employees of the service department and by reading internal reports of Marel Poultry. The maintenance 

concept of Marel is explained in Section 3.1. Next, Section 3.2 explains the AE-coding and Section 3.3 

explains the order reasons. In Section 3.4, the spare demand distribution of 2018 per orderreason is 

displayed. Lastly, this chapter is concluded in Section 3.5. 

 

3.1. Maintenance concept 
The maintenance of spare parts can be categorized into three strategies (i) breakdown maintenance, (ii) 

preventive maintenance, and (iii) condition based maintenance (Ben-Daya & Duffuaa, 2000). Breakdown 

maintenance is unplanned and only replaces or repairs a part if a failure occurs. Preventive maintenance, 

however, is planned; it is based on a schedule that is determined by manufacturers’ recommendations and 

experience with the equipment. Lastly, condition-based maintenance is partly planned; maintenance 

decisions are based on the current condition of the equipment to avoid failure (Ben-Daya & Duffuaa, 2000). 

The maintenance strategy is a determining factor in the demand distribution because it determines the 

moment parts are replaced and thus demanded; in other words, 

the demand for a spare part is determined more by its 

maintenance strategy than its customer usage (Kennedy, 

Patterson, & Fredendall, 2002). 

Figure 6 explains the vision of the service department of Marel 

Poultry towards its customer service. The service department 

aims at a balance preferred by the customer of the throughput, 

cost of ownership and yield (Marel Poultry, 215). The aim is to 

maximize throughput and yield and to minimize the cost of 

ownership. Moreover, the throughput is the rate of production, 

the yield is the performance of the system expressed in possible Figure 6 - The golden service triangle 
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waste and losses, and the cost of ownership is the direct and indirect costs of a product or system. Marel 

Poultry introduces a maintenance concept to achieve a preferred balance of these three indicators.  

“A maintenance concept is a complete set of operational guidelines to keep a system (equipment or 

software) in a condition to perform its intended functions” (Vos, 2012, p. 3). 

The maintenance concept is in line with the maintenance strategies of Ben-Daya and Duffua (2000) and 

consists of corrective maintenance, which is unplannable, and proactive maintenance, which is plannable. 

Moreover, Figure 7 shows that the service department divides proactive maintenance in (i) operational 

maintenance, (ii) preventive maintenance, and (iii) predictive maintenance. In addition, Marel Poultry also 

indicates modifications as a different maintenance strategy.  

 

Figure 7 - Maintenance concept 

3.1.1. Corrective maintenance 
Corrective maintenance is performed after a problem has occurred. The problem can either be a breakdown, 

a complete uncontrolled and unexpected stop of a piece of equipment or complete production line, or a 

reduction in the performance of the machine by a defect of the part, which is related to unexpected yield or 

an unacceptable drop of the throughput (Vos, 2012). 

Besides corrective maintenance, Marel Poultry also has reactive maintenance as unplanned demand. 

Reactive maintenance is the maintenance of unexpected breakdowns or performance errors that cannot be 

estimated in advance; no information is known about the failure beforehand. In contrast, corrective 

maintenance is unplanned maintenance of parts with a constant failure rate; i.e. the failure of the part is 

certain, but its occurrence is unpredictable.  

3.1.2. Proactive maintenance 
Proactive maintenance is a strategy that repairs or replaces an item before a problem occurs, preventively; 

it minimizes the risk of the system (equipment or software) failure or performance loss. Proactive 

maintenance is scheduled and is divided into (i) operational, (ii) preventive, and (iii) predictive 

maintenance.  

Operational maintenance, also called first line maintenance, is maintenance carried out by an operator who 

is trained for additional tasks, such as cleaning and lubricating. Moreover, this maintenance is divided into 

yield and performance based maintenance and TPM (Total Productive Maintenance) based maintenance. 

Yield and performance based maintenance is focused on maintaining yield and throughput by scheduled 

maintenance. TPM based maintenance improves machine availability through better utilization of 
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maintenance and production resources; the machine operator is involved in the maintenance team and 

performs many day-to-day tasks of simple maintenance and faultfinding.    

Preventive maintenance, also called periodic maintenance, is a maintenance strategy that replaces or repairs 

parts based on a scheme at a planned time regardless of the condition. Preventive maintenance is divided 

into time-based maintenance and count-based maintenance. While time-based maintenance is triggered by 

a fixed period, count-based maintenance is triggered by a fixed number of events.  

Predictive maintenance, also called condition-based maintenance, is a maintenance strategy that replaces 

or repairs parts based on its condition. Marel Poultry uses (i) inspection, (ii) condition monitoring, (iii) 

statistical machine monitoring, and (iv) performance monitoring to define the condition. Inspection is only 

visual inspection and no corrective activities are involved. Next, condition monitoring measures the 

condition of a part or assembly with a good/fault indication.  The last two methods both make statistical 

analyses of data to predict a failure. While Statistical Machine Monitoring measures a part or assembly 

parameters, the Statistical Process Monitoring (SPM) measures the critical parameters of the products 

produced by the machine. Both analyses can be on a time interval base or real-time.   

3.1.3. Continuous improvements and modifications 
Lastly, Marel Poultry strives to continuous improvement in the performance of the system based on the 

Key Performance Indicators (KPIs). Collaboration between the production (operator + specialist), 

maintenance department (technician) and the supplier of the equipment (field service engineer) is a key 

component in this maintenance strategy. 

3.2. AE-coding 
Marel Poultry uses AE-coding to determine which maintenance strategy to use. The AE-coding 

distinguishes spare parts based on their criticality and failure rate. This coding assigns A-E to a spare part 

or assembly, indicating the service character of that spare part or assembly within a structure (Marel Poultry, 

2015). 

A-coded parts, consumables: Consumables have an immediate effect on the technological performance of 

the machine and often make direct contact with the product processed. A-coded parts replacement is 

performed frequently on judgement of and by the operator; therefore, it should be accessible and 

changeable. Knives, drills and plucking fingers are examples of A-coded parts. 

B-coded parts, breakdown: A breakdown is a part or assembly of parts that fails suddenly, so the failure is 

unpredictable in time. Furthermore, a defect in a breakdown part or assemblies of parts makes the 

production difficult (performance reduction) or impossible to continue (down time). 

C-coded parts, small overhaul: Small overhaul parts are parts that are preventively replaced based on their 

gradual and predictable wear and tear to guarantee a correct operation of the machine. Apart from A-coded 

parts, small overhaul parts have the shortest lifetime of the service parts within a subassembly.  

D-coded parts, major overhaul: Just as C-coded parts, D-coded parts are preventively replaced based on 

their gradual and predictable wear and tear. The difference between a C-coded part and a D-coded part is 

that the lifetime of a D-coded part is longer; D-coded parts have a lifetime at least twice the lifetime of a 

C-coded part within the same subassembly.  

E-coded parts, total overhaul: Total overhaul parts can be distinguished in reset E-coded parts and 

condition-dependent E-coded parts. The reset E-coded part is a part that is, just as the C-coded parts and D-

coded parts, subjected to gradual wear and tear and will be replaced preventively. The expected lifetime of 

an E-coded part is at least twice the lifetime of a D-coded part within the same subassembly. On the other 

hand, the condition-dependent E-coded part, Ei-coded part, is a part for which the condition can be assessed 

during an inspection or overhaul. This part can be exchanged on an individual basis or during a Small, 

Major or Total overhaul. 
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In addition to this coding, B-coded parts can be expanded by the codes BC, BD and BE. In addition to the 

constant unpredictable failure rate of a B-coded part, these parts have also a predictable wear and tear like 

a C,D, and E-coded part. Figure 8 shows that BC, BD and BE-coded parts suite both a constant 

unpredictable failure rate and a wear and tear. 

Figure 8 - Failure rate of B, C/D/E, and BC/BD/BE-coded parts 

The AE-coding is used to assign the maintenance strategies. A and B-coded parts are mainly maintained 

correctively, C and D-coded parts are mainly maintained preventively and E-coded parts are mainly 

maintained predictively. In order to serve the customer best, the A and B-coded parts can also be 

preventively send to the customer. In this way, the customer can immediately repair or replace the failed 

part. When a C, D or E-coded part fails before it is maintained preventively or predictively, this will result 

in a reactive maintenance.  

3.3. Order reasons 
The order reasons depend on the maintenance concept and demand patterns of a part. In general, demand 

patterns of spare parts are often described as slow moving because they are not regular in time and size. A 

slow moving part has a low average demand per period, caused by infrequent demand occurrences, low 

average demand sizes or both (Boylan, Syntetos, & Karakostas, 2008). Moreover, the demand pattern of a 

spare part can also be characterized by intermittent, erratic or lumpy demand patterns (Boylan & Syntetos, 

2008). Demand is described as intermittent if the time between the consecutive transactions exceeds the 

time between two moments of forecasting (Silver, Pyke, & Peterson, 1998). An erratic demand, however, 

is highly variable, characterized by occasional very large transactions additionally to the usual small 

demand transactions (Silver, 1970). If a demand is both intermittent and erratic, the demand is described as 

lumpy (Boylan & Syntetos, 2008).  

Accurate demand forecast is very important in inventory management; however, the demand patterns of 

the intermittent nature of the spare parts’ demand are very difficult to forecast (Willemain, Smart, Shockor, 

& DeSautels, 1994; Boylan & Syntetos, 2008).      

Marel Poultry experiences the same demand patterns for its spare parts as those described by Boylan and 

Syntetos (2008) and Silver et al. (1998): its spare parts’ demand often has a high variation and the inter-

arrival times are big or unpredictable. Besides achieving a balance in the golden service triangle, Marel 

Poultry has introduced its maintenance concept to better plan its demand. In general, proactive maintenance 

results in planned demand and thus deterministic demand. Whereas corrective maintenance results in non-

planned demand and thus stochastic demand. To organize the demand streams, the service department 

introduced a categorization regarding the customer order reason. This classification depends on the 

maintenance strategies including the failure rate and consist of five order reasons that are implemented on 

1 January 2018. 

1. Line down/emergency (customer down) 

2. Reactive (break-fix/stock replenishment) 
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3. Recommended parts package (Start-up) 

4. Preventive/overhaul maintenance 

5. Upgrade/modification.  

3.3.1. Line down/ emergency (customer down) 
The first category, 1 line down/emergency, consists of all orders that are urgent and need to be delivered as 

soon as possible; this order reason results from corrective maintenance. In this category, most of the time a 

breakdown in the machine has occurred, resulting in stagnation. The SPC assigns order reason 1 if the 

customer indicates that the machine is line-down or that the replenishment of the parts is very important to 

continue the production.  

3.3.2. Reactive (break-fix/stock replenishment) 
The second category, 2 reactive (break-fix/stock replenishment), consists of orders that contain break-fix 

parts that do not require immediate replacement and orders that replenish the inventory of the customer. 

Order reason 2 results from corrective maintenance; if the customer gives no reason for its order, the SPC 

categorizes the order in order reason 2. As a result, the orders of order reason 2 are very diverse. The order 

can be a breakdown order with only three order-lines, while it can also be a replenishment order with 30 

order-lines. Next, while some orders only consist of AE-coded parts, reactive orders could also consist of 

uncommon SKUs that make it difficult to deliver the total order from stock.  

3.3.3. Recommended parts package (start-up) 
A recommended parts package, or critical parts package, is a standard package of spare parts that consists 

of A and B-coded parts. This package is recommended to the customer in order to anticipate on 

unpredictable critical failures and it enables the customer to maximize uptime and performance. The 

customer purchases a package with the aim to replace critical parts out of stock when needed; this package 

is a substitution of corrective maintenance and does not contain parts for periodic maintenance. By selling 

recommended parts packages, the service department changes its maintenance strategy from corrective 

maintenance towards pro-active maintenance; both Marel and the customer benefit from this shift. Marel 

benefits because this change provides better forecasting and it reduces the number of customers that will 

shop at pirates. In addition, the customers benefit because they have better control over their equipment 

performance since consumables, i.e. A-coded parts, are available and because of fast access to critical spare 

parts, i.e. B-coded parts, in case of emergency. Besides, a typical equipment breakdown at a customer can 

easily cost more than the value of the total recommended parts package.   

3.3.4. Preventive/overhaul maintenance 
A preventive maintenance schedule (PMS) is a predefined schedule of overhauls needed to secure the 

technical functioning of the equipment, shown in Table 4. An overhaul is a planned repair and maintenance 

of Marel equipment; it is the replacement of parts by partial or complete disassembly of equipment, after 

which the equipment is tested and started-up in accordance with customer standards. A PMS consists of C, 

D, and E-coded parts, which are characterized as wear and tear parts.  

The PMS can be classified as a block replacement policy with a minimal repair that consists of three periods 

where a part can be replaced, a small (S), major (M), and total (T) period. These periods are linked to the 

C, D, and E-coded parts respectively, in which M is at least a multiple of S and T at least a multiple of M 

within the same subassembly. Moreover, a C-coded part is also replaced at a major overhaul and a D-coded 

part also at a total overhaul. When a part fails, before it is replaced preventively, the part is minimally 

repaired, if possible, to survive until the next replacement opportunity. This next replacement opportunity 

is either the planned overhaul or an extra emergency overhaul. The parts that appear in the schedule are all 

replaced in the indicated period, except from the Ei-coded parts, these are replaced based on inspection; 

when the part is expected to last until the next planned overhaul, the planned replacement will be delayed.  
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Like the recommended parts packages, the customer benefits from a preventive maintenance schedule; 

preventive maintenance stabilizes the production process, which serves as a basis for further optimization. 

Moreover, if maintenance is planned according to the PMS, the budget can be spread over the year, 

downtime can be scheduled and resources can be planned. Resulting in a maximization of the uptime and 

performance. Lastly, within the PMS the customer is not required to order the total overhaul kit. It is the 

customer’s own responsibility to order the advised parts and organize the actual overhauls.   

3.3.5. Upgrade/modification.  
Like the preventive and overhaul maintenance is an upgrade or modification known in advance. An upgrade 

is defined as “planned upgrade to a newer version of Marel Software and IT related hardware”. Moreover, 

a modification is defined as “Planned update to newer version in existing Marel Equipment”. Upgrade and 

modification cover only one percent of the total orders of spare parts (Vos, 2012). 

3.4. Demand distribution per order reason 
All results shown in this section are based on analysis in Excel and include all order-lines of the year 2018. 

This historical data is extracted from SAP and converted to Excel.  

Figure 9 shows the distribution of the service demand per order reason. This distribution is calculated based 

on order level and on order-line level. The calculations on order level and on order-line level differ because 

the orders of each orderreason have a different average order size, shown in Table 5. 

Figure 9 shows that 10 percent of all orders, which are allocated to orderreason 4, include more than 45 

percent of all order-lines. This is a result of the high average order size of orderreason 4. Furthermore, more 

than 80 percent of the orders are allocated to orderreason 2, which cover also almost 45 percent of all order-

lines. Lastly, the remaining 10 percent of all order-lines and orders are divided over order reason 1, order 

reason 3, and order reason 5.  

To conclude, the service department should look both at the demand distribution per order reason on order 

level and on order-line level because these values differ. Moreover, orderreason 2 and orderreason 4 are 

critical orderreasons because they cover together more than 90 percent of all orders and order-lines.  

Table 4 - Example preventive maintenance schedule 
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Figure 9 - Distribution of orders and order-lines based on order reasons 

Table 5 - Mean number of order-lines per order for every order reason 

Order reason  Mean number of order-lines per order 

1 (Line down/Emergency (Customer Down)) 3,72 

2 (Reactive (Break-Fix/Stock replenishment)) 5,51 

3 (Recommended Parts Packages (Start-Up)) 26,47 

4 (Preventive/Overhaul) 43,86 

5 (Upgrade/Modification) 19,93 

Total demand 10,19 

 

3.5. Conclusion 
Marel Poultry categorizes its spare parts to differentiate parts and orders based on their criticiality. service 

department has two spare part categorizations: (i) the AE-coding, and (ii) the orderreasons. The AE-coding 

is a categorization based on SKU-level, while the categorization of the orderreaons is based on order-level. 

Next, the maintenance concept of Marel Poultry defines maintenance strategies. This maintenance concept 

consists of two main maintenance policies: (i) corrective maintenance, which is unplannable, and (ii) 

proactive maintenance, which is plannable. The AE-coding determines which maintenance strategy to use. 

Moreover, the orderreasons are linked directly to the maintenance strategy, orderreason 1 and 2 represent 

the corrective maintenance and orderreason 3,4 and 5 represent the proactive maintenance.  

This research focusses mainly on the orderreason categorization because the service department mainly 

experiences the delivery performance on order level. From this chapter, we can conclude that most of the 

orders are allocated to orderreason 2. In addition, the orders of orderreason 4 contain many order-lines and 

therefore the demand distribution based on order-line level is mainly determined by orderreason 2 and 

orderreason 4.  
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4. Order handling process 
RQ2. What is the role of the service department in the delivery of an order? 

 “A firm’s delivery speed is different from its delivery promise, which is the commitment of the company to 

deliver by the promised scheduled due date” 

- (Handfield & Panessi, 1992, p. 58) 

Handfield and Panessi (1992) explain the difference between the delivery speed and the delivery promise. 

The delivery speed is the time between the order entry and the confirmed delivery date. The delivery 

promise is the reliability of this confirmed delivery date; in other words, the difference between the realized 

delivery date and the confirmed delivery date. Both performances are important in the delivery of an order; 

the service department of Marel Poultry desires to increase both delivery performances. Driessen et al. 

(2015) explain a spare parts management framework that indicates all activities that determine these 

delivery performances. In Section 2.3 is explained that because this research only focusses on the service 

department, only the demand forecasting, inventory control and spare parts order handling are included. 

To determine the role of the service department in meeting the delivery speed and delivery promise of an 

order, the total order handling process is mapped first. This is done starting by interviewing employees of 

the service department about its activities and tasks in the order handling process. Next, we looked into the 

historical data of single orders to create a better understanding of the time of all activities included in the 

order handling process. This provided a better view of the actual customer lead-time, since the time between 

the warehouse finished date and the realized finish date was not mentioned in the interviews. After the 

customer lead-time was clear, employees of the supply chain department are interviewed to include a 

different view of opinion and to ask its goals of the service department regarding the customer lead-time. 

Combining all this information, all activities in the spare parts order handling and the role of the service 

department became clear. All activities in the spare parts order handling are shown in Figure 10.  

 

Figure 10 - Spare parts order handling of Marel Poultry 

This chapter explains in Section 4.1 all activities in the customer lead-time in detail. Then, the role of the 

service department is defined by the introduction of the pro-active management in Section 4.2. Lastly, this 

chapter is concluded in Section 4.3.   
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4.1. The customer lead-time 
The time between the order entry and the delivery of the order is the customer lead-time. The lead-time the 

customer experiences consists of (i) information collection, (ii) order entry, (iii) manufacturing and 

procurement, (iv) delivery creation, (v) picking and packing, (vi) storage and shipment preparation, and 

(vii) shipment. Marel Poultry measures the customer lead-time from the order entry until the realized finish 

date. However, the customer experiences a longer lead-time; namely from the order arrival until the order 

received date. Marel Poultry does not measure the first and the last lead-time, i.e. order preparation and 

shipment, because these lead-times depend highly on the customer itself. The following sections explain 

all lead-times in detail. 

4.1.1. Information collection 
The lead-time that the customer experiences starts upon its order arrival; this starts the information 

collection lead-time. Typically, first a quotation is sent to the customer. The customer often has comments 

on the quotation, which causes renegotiation and which takes time. Moreover, to set up a quotation, or to 

create an order directly in case there is no quotation, all information required should be available. Gathering 

this information may also take time. When all information is complete and the quotation is confirmed by 

the customer, the SPC enters the order in SAP to determine the confirmed delivery date. This order entry 

ends the order information collection lead-time. It should be clear that this lead-time depends strongly on 

the customer itself. Because of this dependence, this lead-time is not part of the customer lead-time that is 

measured at Marel.  

4.1.2. Order entry 
Entering the order in SAP starts the order entry lead-time, in which the confirmed delivery date is 

established. The confirmed delivery date consists of the material availability date and the time for the 

warehouse to pick and pack the order. Moreover, the material availability date is determined by the available 

to promise (ATP) check in SAP (see Appendix A). The ATP check investigates the date all parts of the 

order are available, depending on (i) the requested delivery date by the SPC, (ii) the current inventory, (iii) 

the scheduled demand, and (iv) the replenishment lead-times of each part. The SPC enters the requested 

delivery date in SAP and SAP checks if all parts are available at that date. If available, the material 

availability date is equal to the requested delivery date. If not, SAP displays the availability date of the 

part(s) that are unavailable on the requested date. Consequently, the SPC performs the ATP check again 

with a new requested delivery date based on the output of SAP. Interviews have shown that in general, the 

SPC requests the next day as the first requested delivery date (see Appendix B). Because of this, the 

availability depends strongly on the current inventory; if parts are not on stock, the ATP-check depends on 

the total replenishment lead-times. The time after all bill of material (BOM) levels have been procured or 

produced determine the replenishment lead-time. It includes the planned delivery time and the goods receipt 

processing time.  

However, experience has shown that SAP outputs are not always realistic. Therefore, often the SPC judges 

the feasibility of the date given by SAP. Then, the SPC sends a delivery time request (DTR) to the planner 

of the supply chain department for a better delivery date (see Appendix B). The planner, subsequently, 

accepts or declines this request, dependent on the possibilities regarding the supplier or production.  

The order entry lead-time is short if all information is available and correct in SAP. To conclude, the SPC 

request a delivery date until SAP displays that all parts are available. The material availability date is equal 

to the last requested delivery date. By adding the warehouse pick and pack time, the confirmed delivery 

date is set. 

4.1.3. Manufacturing and procurement 
The supply chain sources and replenishes the requested spare parts. It uses the just-in-time strategy to order 

all SKUs that are not on stock to optimize the inventory costs and inventory capacity. This means that when 

the material availability date is 6 weeks from now and the replenishment lead-time of an SKU, which is in 
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the order, is 3 weeks, the planner does not order that SKU immediately. Instead, SAP calculates the optimal 

order date for the planner; these calculations are as follows:  

Optimal order date =  

Confirmed delivery date – Total replenishment lead-time – Goods Receipt process 

Confirmed delivery date = agreed delivery date by the customer 

Total replenishment lead-time = is the total time needed to replenish an SKU. It is calculated by the system, as the total of the in-

house production time(s) (production) and/or the planned delivery time(s) (procurement) (Raetsen, 2018)  

Goods Receipt process = Number of workdays required after receiving the material for inspection and placement into storage, 

including slack.   

For example: 

 

 

Optimal order date = 17-4-2019 – 15  days – 3 days = 22-3-2019 

 

However, the supply chain uses another method for the SKUs that are demanded most. Therefore, the 

supply chain determines a re-order level; if the inventory level is below the reorder level, the planner orders 

the economic order quantity (EOQ) at the supplier.  

Every day, the planner receives a list from SAP which SKUs to order. The goal of the supply chain 

department is to have all parts available at the determined material availability date. If all information is 

correct in SAP and no exceptions occur, all SKUs are available at the material availability date. However, 

multiple reasons can cause a delay in this phase.  

4.1.4. Delivery creation 
The SPC creates a delivery when the total order is available at the material availability date. By creating a 

delivery, the SPC informs the warehouse to start picking and packing the order. However, if parts are 

missing and the order is urgent, often the SPC sends a DTR to the planner (see Appendix C). This DTR is 

sent to request more information about the delayed parts or to ask the planner if he can acquire the parts at 

a better date. Figure 12 provides a general schematic representation of the steps in the delivery creation 

lead-time.  

4.1.5. Picking and packing 
The warehouse starts to pick and pack the order after the delivery is created. It receives an expected goods 

issue date from the SPC that represents the date the warehouse should finish the order. The assigned time 

to pick and pack an order changed last year. Instead of a warehouse time of 2 days for all orders, now it can 

be (i) rush order Boxmeer; 1 hour, (ii) same day Boxmeer, (iii) next day Boxmeer, and (iv) five days 

Boxmeer. These times depend on the assigned order reason (explained later in the research).  

4.1.6. Prepare shipment & ship 
The assumption is made that the order is immediately shipped when the warehouse has finished packing. 

However, in practice, a finished order is often stored some days before shipment. As a result, this lead-time 

often gives a delay in the confirmed delivery date. In addition, due to the large difference in distance and 

transport types, the time to ship the order is not included in the research. 

 

Confirmed delivery date 17-4-2019 

Total replenishment lead-time  15 (work)days 

Goods Receipt process 3 (work)days 

Figure 11 - Optimal order date 
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Figure 12 - Process of delivery creation 
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4.2. Pro-active management 
In the previous section, all activities included in the customer lead-time are explained. These lead-times 

depend often on external activities. For example, manufacturing and procurement is a big part of the 

customer lead-time that mainly depends on the supplier. To diminish these uncertainties caused by external 

parties, the service department includes demand forecasting and inventory control for the most critical parts. 

To define which parts should be stocked, the service department categorizes its spare parts based on its 

criticality. This categorization is further explained in detail in Chapter 4. The demand forecasting and the 

inventory management depend on this categorization, therefore also these activities are explained later in 

this research.  

Despite the fact that these activities are discussed later in the research, the conclusion can be made that the 

service department uses pro-active management to decrease the total customer lead-time and its variability.  

4.3. Conclusion 
The actions and activities included in the total delivery of an order are the customer lead-time and pro-

active management. The customer lead-time consists of the (i) information collection, (ii) order entry, (iii) 

manufacturing and procurement, (iv) delivery creation, (v) picking and packing, (vi) storage and shipment 

preparation, (vii) shipment. Next, pro-active management consists of the (i) demand forecasting, and (ii) 

the inventory control.  

The customer lead-time depends mostly on the manufacturing and procurement, and picking and packing 

time. In addition, although the order-entry is only a small fraction of the customer lead-time, this activity 

is one of the most important because the delivery date is confirmed in this activity. If the delivery date is 

not set well, the final delivery performances will decrease.  

For most activities in the customer lead-time, the service department is not responsible. However, the 

service department is in the position to keep an overview of all activities; the service department is the party 

in the customer lead-time that links all activities together because it is responsible for the order entry and 

managing the spare parts pro-actively.  
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5. Key performance indicators 
RQ3: To what extent does the service department achieve its goals regarding the delivery 

performances? 

 “KPIs must be clearly defined and quantitatively measurable without inordinate expenses. That means 

that required data should be available or obtainable without laborious investigation or surveys.”  

- (Meier, Lagermann, Morlock, & Rathman, 2013, p. 102) 

To determine the magnitude of the problem and to find out the root-causes of a delay, it is important to 

clarify the KPIs of the service department regarding the delivery performances per orderreason. To create 

an understanding of the desires of the service department, multiple employees of the service department are 

interviewed. In addition, several meetings are attended in which the goals of the delivery performances 

were the main point of discussion. Each goal should be expressed as a KPI. To find the best fitting KPI, a 

literature study is performed.  

In this chapter at first, the expected delivery performances per orderreason are explained in Section 5.1. In 

section 5.2 these expectations are expressed as two KPIs that can be measured by the service department. 

Next, these KPIs are calculated and analyzed for 2018 with the available historical data. In Section 5.3 this 

chapter is concluded by describing the steps the service department should take before it can improve the 

delivery performance. 

5.1. Delivery performance per order reason. 
The current delivery performances and the corresponding targets of the service department regarding each 

orderreason are currently described short, incomplete, and not always feasible.  

The service department aims at minimizing the customer lead-time and therefore desires a delivery from 

stock for all orders with orderreason 1 and 2. In addition, it strives to minimize the order delay. Next, 

because orderreason 3, 4 and 5 are plannable and less-urgent, these orders do not have to be delivered from 

stock. For these orders, the service department expects to confirm a feasible delivery date so that there is 

as little delay as possible. A delivery from stock and thus a minimization of the customer lead-time is less 

important for these orders.  

The customer lead-time is often dependent on many external factors; the service department can only 

minimize this lead-time by optimizing their inventory management. Therefore, to minimize the customer 

lead-time, the focus will be on the performance to deliver from stock.   

Table 6 shows a summary of the expected delivery performances per orderreason. The most important 

delivery performances are a delivery from stock for orderreason 1 and 2 and a minimization of the delay 

for orderreason 3,4 and 5. 

Table 6 - Goals of the service department per orderreason 

Orderreasons  Delivery from stock 

(customer lead-time) 

Delay in the order 

1-2    urgent 

orders 

Deliver all orders from stock Minimize order delay after 

the planned order date 

3-4-5 preventive 

orders 

Plan orders,  

Delivery from stock not necessary.   

Minimize order delay after 

the planned order date 
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5.2. KPIs 
The two selected KPIs that measure the main goals of the service department are  

1. Fill-rate – the fraction of demand that is satisfied from stock on hand (Silver et al, 1998) 

2. On-time delivery - the percentage of orders that is fulfilled on or before the confirmed delivery date 

(Stewart, 1995).  

In Section 5.2.1 and 5.2.2, the fill-rate and on-time delivery and customer lead-time are explained in detail.  

5.2.1.  Fill-rate 
The fill-rate can be measured on order level or on order-line level, called the order fill rate (OFR) and line 

item fill rate (LIFR), respectively.  

 

OFR =
number of orders that are satisfied from stock on hand in full

total number of orders
  

 

LIFR =
number of order − lines that are satisfied from stock on hand in full

total number of order − lines
 

 

Demand is satisfied directly from stock if the material availability date is equal to the order entry date (see 

Figure 10). Besides not being on stock, multiple reasons can cause a difference between the material 

availability date and the order entry. Therefore, it is hard to determine the fill-rate out of available historical 

data (see Appendix D). To find correct fill-rates, we performed an ATP-check for a quotation that included 

all SKUs demanded in 2018 with the requested date equal to the next day. The next day, we extracted a 

dataset from SAP that showed for all SKU if it was on stock or not. These results are shown in Table 6. 

Table 7 - LIFR and OFR based on the stock values of 30 March 2019 

Order reason  LIFR OFR 

1 (Line down/Emergency (Customer Down)) 89,40 74,23 

2 (Reactive (Break-Fix/Stock replenishment)) 90,10 69,96 

3 (Recommended Parts Packages (Start-Up)) 85,88 30,61 

4 (Preventive/Overhaul) 93,59 31,21 

5 (Upgrade/Modification) 75,71 24,31 

Total demand 91,15 66,72 

 

To ensure a delivery from stock, the service department keeps a safety stock. The best level of the safety 

stock depends on the targeted fill-rate assigned to every SKU. The service department determines the target 

of the fill-rate of an SKU on its frequency and criticality. To include the demand frequency in the decision 

of the targeted fill-rate, is in line with the application of the Pareto (ABC) approach. This approach divides 

the SKUs in three categories based on its frequency, in which the first category includes 20 percent of all 

SKUs representing 80 percent of all order-lines (Silver et al., 1998).  

Moreover, the service department strives to deliver all urgent orders, i.e. orders from orderreason 1 and 2, 

and all consumable and critical part, i.e. all A and B-coded parts, from stock. Therefore, we investigated 

the percentages of each orderreason assigned to each fill-rate. These results surprisingly show that the 

average assigned fill-rate per order-line with a B-coded part, which is the most critical part, is lower than 

the average assigned fill-rate per order-line of a C- or D-coded part.  
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Table 8 shows the number of SKUs allocated to a particular fill-rate, and the percentage of all order-lines 

that are allocated to a particular fill-rate. From this table can be concluded that indeed the fill-rate is based 

on the frequency; only 12% of all SKUs have a fill-rate higher than 97 percent, while almost 65 percent of 

all demanded order-lines are allocated to an SKU with a fill-rate higher than 97 percent. Furthermore,   

Table 9 shows the percentage of all order-lines allocated; it surprisingly shows that the average assigned 

fill-rate per order-line with a B-coded part, which is the most critical part, is lower than the average assigned 

fill-rate per order-line of a C- or D-coded part. This result is not in line with the goals regarding the delivery 

performances of the service department.  

Table 8 - Allocation of fill-rates based on number of SKUs and number of order-lines 

 𝜷𝒊 = 𝟎. 𝟕𝟎 𝜷𝒊 = 𝟎. 𝟖𝟎 𝜷𝒊 = 𝟎. 𝟗𝟓 𝜷𝒊 = 𝟎. 𝟗𝟕 𝜷𝒊 = 𝟎. 𝟗𝟖 𝜷𝒊 = 𝟎. 𝟗𝟗 Total 

#SKUs 5091 127 8314 88 1849 126 15595 

% of all 

SKUs 2018 

32.65% 0.81% 53.31% 0.56% 11.86% 0.81%  

#order-lines 12257 1463 75894 25875 22421 6518 324428 

% of all 

order-lines 

2018 

3.78% 0.45% 23.40% 7.98% 62.39% 2.00%  

  

Table 9 - Allocation of fill-rates based on the number of order-lines assigned to the AE-coded parts 

 𝜷𝒊 = 𝟎. 𝟕𝟎 𝜷𝒊 = 𝟎. 𝟖𝟎 𝜷𝒊 = 𝟎. 𝟗𝟓 𝜷𝒊 = 𝟎. 𝟗𝟕 𝜷𝒊 = 𝟎. 𝟗𝟖 𝜷𝒊 = 𝟎. 𝟗𝟗  

A  0.1% 0.00% 21.31% 16.30% 61.59% 0.79% 𝐸(𝛽𝑖)=0.972 

B  0.75% 0.76% 27.41% 9.78% 60.3% 1.27% 𝐸(𝛽𝑖)=0.967 

C 0.38% 0.2% 7.42% 9.73% 77.74% 4.72% 𝐸(𝛽𝑖)=0.976 

D 0.91% 0.46% 13.87% 5.74% 77.24% 1.77% 𝐸(𝛽𝑖)=0.972 

E 9.36% 0.15% 52.82% 1.5% 36.25% 0.37% 𝐸(𝛽𝑖)=0.938 

NO 24.95% 1.22% 42.91% 0.41% 29.67% 0.85% 𝐸(𝛽𝑖)=0.895 

 

5.2.2. On-time delivery 
The on-time delivery can be measured at two points in the customer lead-time: 

1. Material availability date 

2. Confirmed delivery date/ order due date. 

Table 10 shows three relevant measurements of the on-time delivery. If not all order-lines are available at 

the set material availability date, a delivery cannot be created and a delay occurs. This delay is measured 

by the on-time delivery - create delivery date (OTD-CDD). Furthermore, a delay of the total customer lead-

time occurs when the realized finish date does not meet the confirmed delivery date. This delay is measured 

by the on-time delivery – realized finish date (OTD-RFD).  

However, in Section 4.1.6 is explained that no time is calculated for the time between the warehouse finish 

date and the realized finish date when determining the confirmed delivery date. Actually, these dates may 

not be the same. Because this waiting time is often unavoidable due to transport restrictions. The on-time 

delivery is also calculated based on the warehouse finish date (OTD-WFD). 
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Table 10 - Delay moments -- On-time delivery 

 Planned date Actual date On-time delivery if… 

On-time delivery – 

Create delivery date 

OTD – CDD 

Material availability 

date 

Create delivery date. create delivery date    
≤ material availability date 

On-time delivery – 

Warehouse finish date 

OTD – WFD 

Confirmed delivery 

date/ Order due date 

Warehouse finish 

date 
warehouse finish date
≤ order due date 

On-time delivery – 

Realized finish date 

OTD – RFD 

Confirmed delivery 

date/ Order due date 

Realized finish date.  realized finish date
≤ order due date 

To create insights in the delay moments within the customer lead-time, Figure 13 shows the averages of the 

planned and actual customer lead-time per orderreason of 2018 (see also Appendix E). The planned 

customer lead-time consists of the material availability date and the confirmed delivery date and the actual 

customer lead-time consists of the create delivery date, the warehouse finish date and the realized finish 

date.  

 

Figure 13 - Comparison planned and actual customer lead-time 

Like the fill-rate, the OTD delivery can only be calculated based on order level because data is only 

available about the total order and not about the specific order-lines. In Figure 14 two different measures 

for the on-time delivery are explained.  
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1. The OTD that is based on the OTD of each individual order-line, which depends on the OTD of 

the order. 

OTD (order, order line) =
number of order lines delivered on time

total number of order lines.
∗ 100 

2. The OTD that is based on the OTD of the order. A partial delivery is counted as multiple orders. 

OTD (order) =
number of orders delivered on time

total number of orders
∗ 100 

 

 Order reason Number of order-lines On time? 

1 4 (preventive/overhaul) 52 NO 

2 2 (reactive (break-fix/stock replenishment) 6 YES 

3 1 (line down/emergency) 1 YES 

 

OTD (order, order line) =
6 + 1

59
∗ 100 =

7

59
∗ 100 = 11,86% 

OTD (order) =  
2

3
∗ 100 = 66,67% 

 

 

Despite the fact that two out of three orders are delivered on time, the OTD (order, order-line) is 11.86 

percent; the OTD(order, order-line) strongly depends on order 1 because in this KPI the ordersize is a weigh 

factor and the number of order-lines of order 1 is much bigger than the other orders. In addition, the bigger 

the order size, the higher the possibility of a delay. These arguments result in the fact that the OTD (order, 

order-line) is lower than the actual OTD. On the contrary, the OTD (order) counts all orders equally, which 

leads to an OTD of 66.67 percent. Therefore, the calculations of the OTD are based on the OTD (order). 

From now on OTD (order) is written as OTD.  

The OTD-CDD, OTD-RFD and OTD-WFD defined in Table 10 are calculated based on the OTD of the 

order. These calculations are based on the assumption that all orders are delivered completely; if a partial 

delivery occurs, all separate deliveries are seen as individual complete deliveries. The results are shown in 

Table 11 (see Appendix F for a detailed graph per month). 

Table 11 - OTD (order) – 2018 

Order reason  OTD – CDD1 OTD – WFD2 OTD – RFD3 

1 (Line down/Emergency (Customer Down)) 90,65% 85,70% 81,2% 

2 (Reactive (Break-Fix/Stock replenishment)) 73,44% 69,08% 66,36% 

3 (Recommended Parts Packages (Start-Up)) 50,36% 45,58% 35,32% 

4 (Preventive/Overhaul) 54,56% 53,28% 40,33% 

5 (Upgrade/Modification) 58,24% 45,5% 37,36% 

Total demand 72,23% 68,2% 64,31% 
1.On-time delivery – create delivery date 

2.On-time delivery –warehouse finish date 
3.On-time delivery – realized finish date 

Figure 14 - Example calculations on-time delivery (OTD) 
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Despite the fact that the service department estimated that approximately 50 percent of all orders are 

delivered on-time. The measurements of the OTD show that on average 64.31 percent of the total demand 

is shipped to the customer at the confirmed delivery date. Furthermore, the moment the service department 

experiences a delay, which is the moment the delivery should be created, even 72.23 percent of all orders 

is on-time. However, the service department still desires to improve the OTD.  

Table 11 shows that most delay is caused before the material availability date. Therefore, the focus of this 

research will be on the OTD-CDD.   

The supply chain department has a different perception of the performances regarding the OTD-CDD. It 

calculates the OTD-CDD on order-line level instead of on order level. To compare the results of Table 11 

with the results of the supply chain, and to create understanding in the OTD on order-line level for every 

order reason, the results of Table 11 on the OTD-CDD are translated to the OTD-CDD on order-line level 

with the following formula: 

OTD CDD(order line) = ((
OTD CDD (order)

100
)

1
average order lines per order

) ∗ 100% 

Table 12 - Translation OTD-CDD (order) to OTD-CDD (order-line). 

 

Order reason  

OTD – 

CDD1 

Average order 

lines per order 

OTD – CDD1 – 

order-line 

1 (Line down/Emergency (Customer Down)) 90,65% 3,85 97,48 % 

2 (Reactive (Break-Fix/Stock replenishment)) 73,44% 5,52 94,56 % 

3 (Recommended Parts Packages (Start-Up)) 50,36% 26,51 97,45 % 

4 (Preventive/Overhaul) 54,56% 44,06 98,63 % 

5 (Upgrade/Modification) 58,24% 17,86 97,2 % 

Total demand 72,23% 10,22 96,87 % 
1.OTD-CDD = on-time delivery – create delivery date 

The number of order-lines in the order affects the OTD on order level. In Table 12 this statement is clearly 

visible. While preventive orders have a relative low OTD-CDD(order) the OTD-CDD(order-line) is higher 

than average. We can conclude that the high number of order-lines in preventive orders are the cause of the 

low OTD-CDD(order). Therefore, to increase the OTD-CDD(order) the number of order-lines per order 

should be decreased. Figure 15 shows effects of order size on the OTD-CDD(order) for the preventive 

orders. Furthermore, Appendix G shows a graph of the average ordersize per orderreason in year 2018.  
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Figure 15 - Effects of order-size on the OTD-CDD (order) 

Next, the results show that the OTD-CDD (order-line) of orderreason 2 is much lower than the rest. This is 

worrying because more than 80 percent of all orders belong to orderreason 2. To increase the OTD-

CDD(order) of the reactive order, the OTD-CDD(order-line) should be improved.  

While the supply chain measured an OTD-CDD (order-line) of 97.6% for the total demand, Table 12 shows 

an OTD of 96.9%. This difference is explainable by the fact that the supply chain measures only the delay 

due to a shortage, while the calculations of Table 12 include all causes of a delay on the create delivery 

date.  

5.3. Conclusion 
The goals of the service department regarding the delivery performances are different for urgent orders, 

orderreason 1 and 2, and less-urgent orders, orderreason 3,4 and 5. The goals of the urgent orders are to 

deliver all orders immediately from stock and to minimize the order delay. The goals of the less-urgent 

orders are only to minimize the order delay; delivery from stock is not necessary.  

However these goals are based on a feeling or desire; the goals are expressed vaguely since they are are 

only explained in words, no KPI or target is assigned. The KPIs that measure these goals are the fill-rate 

and the on-time delivery. The current values of these KPIs can be found in Table 8,   

Table 9, Table 11 and Table 12. These KPIs should be measured periodically on both order-line level and 

on order level for every orderreason. All these measures are important and give different insights of the 

delivery performance. In addition, the service department should set targets for each KPI to determine if its 

goals are achieved. Each orderreason can have a different target, which should be based on the baseline 

measurements executed in Section 5.2 and on the urgency of an order. However, not enough historical data 

is available to calculate the fill-rate precisely. Therefore, the service department should investigate which 

data is needed for these calculations.The on-time delivery, on the contrary, can be measured with the 

historical data. After analyzing the results, we can conclude that orderreason 2 needs improvement in the 

OTD-CDD(order-line) because it has the lowest OTD-CDD (order-line) level of all categories, while it 

includes urgent orders.    
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6. Root-causes  
RQ4: Why are the expectations of the service department not met?  

“Managing uncertainty effectively and efficiently requires a well-balanced planning and control because 

one must understand which uncertainties to tackle and how to tackle it in order to get the maximum 

improvement to the system” 

- (Koh & Saad, 2006, p. 110) 

This quote of Koh & Saad (2006) emphasizes the importance of this chapter. To meet the key performance 

indicators (KPIs) stated in Section 5.2, the service department should be aware of its responsibilities within 

the order handling that influences the delivery performances. The service department strives to change its 

own methods and procedures to meet its KPIs; therefore, research focusses on the improvements in the 

delivery performance that can be achieved by a change in the working methods of the service department. 

Therefore, first, root-causes are analyzed by finding similarities between all delayed orders in the historical 

data and by interviewing employees of the service department and the supply chain department. In Section 

6.1 the historical data is discussed, in Section 6.2 the semi-structured interviews with the SPCs and the 

planners. Lastly, in Section 6.3 we give a conclusion of this chapter.  

6.1. Historical data 
In this analysis, three different data sets are investigated that include all historical data of January 2019. 

These data sets are (i) a set of all orders, (ii) the manco list, and (iii) a list of all delivery time requests 

(DTRs) sent. Both the manco list and the DTR-tool are a communication between the SPC and the planner 

of the supply chain (see Appendix C and H).  

First, the set of all orders in January 2019 are investigated and divided based on two components: (i) the 

on-time delivery at the create delivery date (OTD-CDD), and (ii) the on-time delivery at the warehouse 

finish date (OTD-WFD). In this first analysis, we found that despite a delay in the create delivery date, an 

order is still delivered on time at the confirmed delivery date. This can occur when the time in the warehouse 

is shorter than planned. However, in many cases the reason for this disparity is that the confirmed delivery 

date was rescheduled, while the create delivery date remained the same. From this disparity in the data we 

presume that information about the delay of an order is often known before the create delivery date. Next, 

we found that a delivery is sometimes created before the material availability date, although this is not 

according to the procedures. Moreover, also the size of an order of orderreason 2 is very variable; some 

orders have more than 50 order-lines even though the KPI of this orderreason is to deliver immediately 

from stock.  

Second, we compared all delayed orders at the create delivery date with the information in the manco list 

and the DTR list. When comparing the delayed orders with the manco list, we found that from most delayed 

orders an order-line was on the manco list. Hence, we assume that the order is delayed due a manco at 

delivery. If the cause of this manco was described in the list, often the reason was that the supplier could 

not deliver according to the replenishment lead-time in SAP. However, most of the time, the manco list did 

not include information of the reason of the delay. Furthermore, in the DTR list we found that sometimes 

an order is delayed because the requested better date was already implemented in the system, but was 

eventually not feasible. Lastly, mostly a delayed delivery was marked at the DTR list as a manco at delivery 

with no further explanations.  
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6.2. Interviews 
To create more understanding of the findings in the previous section, semi-structured interviews are held 

with five SPCs of the service department and three planners of the supply-chain department. The interviews 

with the SPCs were specified on orders that were handled by that particular SPC; the interviews with the 

supply-chain department included more questions about an order delay in general.  

6.2.1. Interview SPCs 
The interviews with the SPCs were focused on (i) why a delivery creation of an order is before the material 

availability date, (ii) what the reason of a delay can be when there is no manco at delivery, and (iii) why for 

some orders the confirmed delivery date was scheduled within the replenishment lead-time. The interviews 

showed that if a delivery is created earlier than the material availability this is done to compensate the peaks 

in the warehouse. The SPCs explained that this occurs only on request of the warehouse and that this is 

very exceptional. Next, for every order for which the delivery is created earlier than the material availability 

date, should be expedited if the order does not interrupt another order; a delivery creation before the material 

availability date could only be a potential cause of the delay if the procedures to check the availability are 

not followed.  

Moreover, the SPCs explained that the main reason of a delay in the creation of the delivery besides a 

manco at delivery is an order block. An order is blocked when some information about the order is missing, 

e.g. address of the customer, and when the customer did not pay in advance when he needed to. Despite the 

fact that the cause that the SPC plans an order within the replenishment lead-time was not mentioned often 

in the manco list, it was still an important cause to verify with SPCs. However, the SPCs explained that 

they can never give an earlier confirmed delivery date than the replenishment lead-time in the system. For 

which we conclude that the replenishment lead-time in SAP are not equal to the real replenishment lead-

times.  

Furthermore, all general questions in the interviews showed the decision making of the SPC depends much 

on experience and not on rules. Few rules are set to determine if an order is delivered partially or completely 

and if an order should get priority. Next, this experience-based decision making is also the reason for the 

variability of orderreason 2 in the historical data. The SPCs explained that it is clear when an order belongs 

to orderreason 1, 3, 4 and 5; all remaining orders are assigned to orderreason 2.   

6.2.2. Interview planners 
After five SPCs have been interviewed, three planners of the supply chain were interviewed about (i) why 

a manco at delivery occurs, (ii) why the replenishment lead-time in SAP is not equal to the real 

replenishment lead-times, and (iii) what their experiences are of an order delay.  

For a manco at delivery the planners identified 3 main causes. First, suppliers that do not deliver according 

to the agreed lead-time, often caused by (market) scarcity of the product. Second, a manco can occur 

because the part is not yet adjusted in the system while it is present in the warehouse. Third, a manco occurs 

due to a count difference between the real inventory parameters and the inventory parameters in the system.  

With regard to replenishment lead-time, the planners point out two main reasons why the lead-time in SAP 

is not equal to the real replenishment lead-times. First, the replenishment lead-time in SAP is inaccurate 

because it is not updated; the replenishment lead-time changed over time. The planners explained that the 

replenishment lead-times are not periodically updated because of the high workload and because it is not 

clear who is responsible.  Next, the replenishment lead-time in SAP is inaccurate because the part is not 

adjusted in the assortment and therefore SAP uses a standard replenishment lead-time of 4 weeks. To the 

question what their experiences are of an order delay, the planners add to the previous found reasons that 

delay can also occur because of bad quality and a delay in checking in the parts at the warehouse.   

Lastly, both the SPCs and the planners point out the problem of the high workload at the moment. Currently 

this causes them to mainly work on solving exceptions instead of working on root cause solutions of these 
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exceptions. Moreover, because of the high workload often there is little time to fill out the manco list 

according to what has been agreed. Which in turn again makes it hard to work on long term solutions for 

delivery performance. 

6.3. Conclusion 
Appendix I, J and K show a summary of all root-causes. We can conclude from the root-cause analysis that 

many root-causes, e.g. inaccurate replenishment lead-time and a delay in checking in the parts, are not the 

responsibility of the service department. However, the service department can still diminish these root-

causes by improving its procedures. Interviews have shown that SPCs base their decisions more often on 

experience than on set rules. All orders that do not belong to orderreason 1,3,4 or 5 are assigned to 

orderreason 2. As a result, orderreason 2 includes more than 80 percent of all orders (see Figure 9, Section 

2.4); for which the service department strives to a delivery immediately from stock. However, this 

expectation is not reliable for all orders in orderreason 2; therefore, the SPC should make a decision based 

on experience whether an order of orderreason 2 has priority or not. This leads to (i) inequalities in setting 

priorities between the SPCs, (ii) more exceptions and (iii) a higher workload. Moreover, because often the 

SPCs decide that many orders of orderreason 2 have no priority to orders of orderreason 3,4 or 5, the KPIs 

of orderreason 2 can never be met.  

Based on this qualitative research, we recommend that the service department should set clear priority rules 

and should divide orderreason 2 in urgent orders and less-urgent orders. This will lead to a change in the 

order handling process and the inventory control.  
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7. Inventory control and order handling. 

Marel Poultry owns a single warehouse that stocks spare parts to fulfill order requests of customers and 

meet its KPIs. To create an understanding of the inventory control and the order handling of Marel Poultry, 

we explain a multi-item single location inventory model with periodic replenishment.  

Figure 16 shows an overview of the order handling and inventory control and the used stock levels. We 

assume that all replenishment arrives at the start of the day. If an order enters, first new inventory levels are 

determined. Second, the service department schedules the order with the ATP check. Third, if the order is 

a priority order, the SPC validates if the order can be delivered earlier. If this is possible, the stock levels 

are updated and the order that is intervened is rescheduled. Fourth, after scheduling the order and all orders 

that are rescheduled, the stock levels are again determined and the planner determines if inventory should 

be replenished.   

Order entry
Schedule order
ATP-check (SAP)
(Section 7.4.1)

Determine new 
stock levels
(Section 7.2)

The order 
requires 
priority?

Reschedule order 
that is intervened.
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(Section 7.4.1)
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(Section 7.3)

Yes

No

Depends on:
- Available stock (cf. Eq.(2))
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ATP-check

(Section 7.4.2)
Yes

Depends on:
- Priorty of the order
- Available stock (cf. Eq.(2))

Determine new 
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Due to:
- Change scheduled demand

Determine:
- On-hand stock (cf. Eq.(1))
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Figure 16 – Overview order handling and inventory control 

First, in Section 7.1 the basic model and assumptions are explained. Next, in Section 7.2 we describe the 

different definitions in stock level that determine the replenishment moments and the confirmed delivery 

date. Thereafter, in Section 7.3 the replenishment methods are explained in detail and in Section 7.4 the 

current order handling, which includes the ATP-check and its validation. Lastly, in Section 7.5 changes in 

the order handling are proposed and described. 

7.1. Basic model and assumptions 
Consider a multi-item single location inventory model with periodic replenishment. Let 𝐼 denote the set of 

all stock keeping units (SKUs) with  |𝐼| > 0. Next, let 𝑂 denote the set of all orders, let 𝑂𝑅 with |𝑂𝑅| > 1 

denote a set of all orderreasons assigned to orders to categorize them based on urgency, and let 𝑂𝐿𝑜 denote 

the set of order-lines per order 𝑜 ∈ 𝑂 in which every order-line 𝑙 ∈ 𝑂𝐿𝑜 includes only one SKU 𝑖, such that 

𝑖(𝑙) = 𝑖. Furthermore, let 𝑇 denote a set of all workdays with 𝑇 = {1,2, … } and let 𝑀 denote a set of all 

months with 𝑀 = {1,2, … }. Moreover, let 𝑡 ∈ 𝑇 be linked with 𝑚 ∈ 𝑀, such that 𝑚(𝑡) = 𝑚. For example, 

if 𝑡 = 1 at 2-1-2018, 𝑚(1)  =  1 and 𝑚(2451)  =  12.  

The demanded quantity of SKU 𝑖 per order-line 𝑙, i.e. 𝑑𝑙, varies per order-line 𝑙 and is related with 𝑜𝑟 ∈
𝑂𝑅. Next, the scheduled demand at time 𝑡 for SKU 𝑖, i.e. 𝐷𝑖(𝑡), is the sum of all 𝑑𝑙 assigned to confirmed 

                                                      
1 Based only on workdays, 251 workdays in 2018. 
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delivery date 𝑡𝑐𝑙 = 𝑡 ∈ 𝑇. Next, all incoming orders arrive according to a Poisson process with a constant 

rate 𝜆𝑜𝑟. Furthermore, the number of order-lines per order 𝑜 ∈ 𝑂𝑜𝑟, i.e. |𝑂𝐿𝑜|, is Poisson distributed with 

mean 𝜆𝑂𝐿,𝑜𝑟.  

We consider a periodic replenishment, with review period 𝑅𝑇𝑖 and replenishment lead-time 𝐿𝑇𝑖. Suppliers 

do not always deliver on time, as a result the replenishment lead-time is variable. However, we assume 

𝐿𝑇𝑖 to be deterministic in this research because often information about the variability in the replenishment 

lead-time is missing, making it hard to include this variability in the model. We define the replenishment 

period, i.e. 𝐿𝑖, as the sum of 𝑅𝑇𝑖 and 𝐿𝑇𝑖.  

In addition, in the basic model we assume the following: 

- Infinite, unrestricted supply of (raw) materials. 

- Orders are delivered in the sequence of ordering; first come first served (FCFS).  

- Partial delivery if more than 85 percent of all order-lines in the order can be delivered at time 𝑡 

- Nonperishable items 

- Eventually, all demand is met (full backordering) 

- Lead-times are constant and deterministic 

- Demand is identically and independently distributed.  

- All orders are scheduled as soon as possible, i.e. requested delivery date is always equal to the arrival 

date, i.e. 𝑡𝑎𝑟𝑟. 

Lastly, in this research, we use a superscript to indicate a modification of the value, a subscript to link a 

value to a particular parameter, and we use brackets to indicate a variable that influences this value. For 

example, 𝐼𝑃𝑖
𝑃𝐷(𝑡) is a modified inventory position for PD-replenishment, it is linked to parameter SKU 𝑖 ∈

𝐼 and the inventory position varies for every variable time 𝑡.  

7.2. Different definitions of stock level 
Silver, Pyke, and Peterson (1998) define four definitions of stock level (i) the on-hand stock, (i) the net 

stock, (iii) the inventory position, and (iv) the safety stock. In this research, we use three of these stock 

levels to support the order handling and inventory control. The net stock, defined by Silver et al. (1998) as 

the on hand stock minus the backorders, is excluded from this research because of its irrelevance because 

it includes no replenishment. Instead, we included the available stock, defined in this research as the actual 

stock that is available for satisfying customer demand. Silver et al. (1998) explain that the inventory position 

is also sometimes called the available stock; however, the inventory position does not represent the stock 

that is immediately available. Therefore, we make a distinction between the available stock and the 

inventory position. In addition, in contrast to Silver et al. (1998), the term backorders is not used in this 

research; instead, we use scheduled demand since all orders that are backordered are scheduled on a specific 

delivery date.  

The on-hand stock of SKU 𝑖 ∈ 𝐼 at time 𝑡, 𝑂𝐻𝑖(𝑡), is the inventory that is physically on stock. 𝑂𝐻𝑖(𝑡) is 

equal to the on-hand stock of the previous day, 𝑂𝐻𝑖(𝑡 − 1), minus the scheduled demand at time 𝑡, 𝐷𝑖(𝑡), 

plus the replenishment arriving at the warehouse at time 𝑡, 𝑅𝑖(𝑡): 

 𝑂𝐻𝑖(𝑡) = 𝑂𝐻𝑖(𝑡 − 1) − 𝐷𝑖(𝑡) + 𝑅𝑖(𝑡). (1) 

𝑂𝐻𝑖(𝑡) can never drop below zero, because the demand is scheduled only if it can be delivered.  

If demand is scheduled within the replenishment period, the on-hand stock is not always available for 

incoming orders. 𝑂𝐻𝑖(𝑡) does not take into account scheduled demand in the replenishment period. 

Therefore, whether a part can be delivered from stock at time 𝑡 when it arrives at time 𝑡𝑎𝑟𝑟 is based on the 

available stock of SKU 𝑖 ∈ 𝐼 at time 𝑡 with arrival time 𝑡𝑎𝑟𝑟, i.e. 𝐴𝑆𝑖(𝑡𝑎𝑟𝑟, 𝑡). The arrival time 𝑡𝑎𝑟𝑟 is always 
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equal to the current day. The available stock is the actual stock that is immediately available for satisfying 

customer demand. This stock level is closely linked to the inventory position since both levels depend on 

the on-hand stock, scheduled demand and replenishment in a specific period; in other words, both levels 

depend on the expected on-hand stock at time 𝑡′, determined when today is time 𝑡𝑎𝑟𝑟, i.e. 𝐸𝑂𝐻𝑖(𝑡𝑎𝑟𝑟, 𝑡′). 

𝐸𝑂𝐻𝑖(𝑡𝑎𝑟𝑟, 𝑡′) is equal to the on-hand stock at time 𝑡𝑎𝑟𝑟 − 1, i.e. 𝑂𝐻𝑖(𝑡𝑎𝑟𝑟 − 1), minus the demand 𝐷𝑖(𝑡) 

from time 𝑡𝑎𝑟𝑟 until time 𝑡′, plus the replenishment 𝑅𝑖(𝑡) from time 𝑡𝑎𝑟𝑟 until time 𝑡′ 

𝐸𝑂𝐻𝑖(𝑡𝑎𝑟𝑟 , 𝑡′) = 𝑂𝐻𝑖(𝑡𝑎𝑟𝑟 − 1) −  ∑ 𝐷𝑖(𝑡)
𝑡′

𝑗=𝑡𝑎𝑟𝑟

+  ∑ 𝑅𝑖(𝑡).
𝑡′

𝑗=𝑡𝑎𝑟𝑟

 

We calculate the available stock to determine if demand 𝑑𝑙 for 𝑖(𝑙) ∈ 𝐼  can be scheduled at time 𝑡 =
{𝑡𝑎𝑟𝑟, … . , 𝑡𝑎𝑟𝑟 + 𝐿𝑖 − 1} when the order arrives at time 𝑡𝑎𝑟𝑟. Therefore, at every time 𝑥 inbetween time 

𝑡 and time 𝑡𝑎𝑟𝑟 + 𝐿𝑖 − 1, i.e. 𝑥 = {𝑡, … , 𝑡𝑎𝑟𝑟 + 𝐿𝑖 − 1}, the expected on-hand stock, i.e. 𝐸𝑂𝐻𝑖(𝑡𝑎𝑟𝑟, 𝑥), 

must be higher than demand 𝑑𝑙. Therefore, 𝐴𝑆𝑖(𝑡𝑎𝑟𝑟, 𝑡) is equal to the minimum of 𝐸𝑂𝐻𝑖(𝑡𝑎𝑟𝑟, 𝑥) 

 𝐴𝑆𝑖(𝑡𝑎𝑟𝑟, 𝑡) = min
𝑥={𝑡,…,𝑡𝑎𝑟𝑟+𝐿𝑖−1}

𝐸𝑂𝐻𝑖(𝑡𝑎𝑟𝑟, 𝑥). (2) 

Furthermore, the inventory position is used to determine if an SKU should be replenished or not. Therefore, 

we should check if the expected on-hand stock at time 𝑡 + 𝐿𝑖 − 1 drops below the replenishment limit, 

which depends on the replenishment policy. The inventory position of SKU 𝑖 ∈ 𝐼 at time 𝑡, 𝐼𝑃𝑖(𝑡), is equal 

to the expected on-hand stock at time 𝑡 + 𝐿𝑖 − 1 

 𝐼𝑃𝑖(𝑡) = 𝐸𝑂𝐻𝑖(𝑡, 𝑡 + 𝐿𝑖 − 1). (3) 

Lastly, the safety stock is a buffer for larger-than-average demand during the replenishment lead-time, 

which depends on the service level, represented by 𝑧𝑖 for every SKU 𝑖 ∈ 𝐼, the replenishment period, 𝐿𝑖, 

and the standard deviation of the monthly demand, 𝜎𝑀𝐷𝑖
.  

𝑠𝑖 = 𝑧𝑖 ∗ √𝐿𝑖 ∗ 𝜎𝑀𝐷𝑖
, 

The service level is calculated by 𝑧𝑖 = Φ−1(𝛽𝑖) in which 𝛽𝑖 denotes the targeted fill-rate per 𝑆𝐾𝑈 𝑖 and 

Φ(𝑧𝑖) the standard normal cumulative distribution function.  

7.3. Replenishment 
Two main replenishment methods are explained in this section. In Section 7.3.1, we explain the Plan on 

Demand replenishment (PD-replenishment), which is a periodic lot for lot replenishment policy including 

the forecast of the demand and the safety stock. Next, in Section 7.3.2, the V1- replenishment is explained, 

which is a (R,s,nQ) replenishment policy, with review period 𝑅, reorder level s, and order quantity 𝑛 times 

𝑄.  

7.3.1. PD-replenishment 
PD-replenishment is an extension of the simple lot for lot replenishment policy in which the quantity of 

order is equal to the demand occurring in the replenishment period (Silver et al., 1998). However, if an 

SKU is demanded in more than 4 months out of the previous 12 months, the quantity of order also depends 

on the safety stock and the monthly forecast of a part within the replenishment period. The PD-

replenishment is used to make sure that all scheduled demand and all expected demand within the 

replenishment period is on stock. The PD-replenishment is explained in detail in this section. Moreover, 

the explained procedure is also provided in Algorithm 1.  
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A new forecast for SKU 𝑖 ∈ 𝐼 is calculated every first day of the month; we refer to this forecast as the start 

forecast of the month, denoted as 𝑆𝐹𝑖(𝑚) for 𝑆𝐾𝑈 𝑖 ∈ 𝐼 and 𝑚 ∈ 𝑀. At time 𝑡, a start forecast is calculated 

for every month that is included in the replenishment period  ∀𝑚 ∈ {𝑚(𝑡), … , 𝑚(𝑡 + 𝐿𝑖)}. To clarify, if 

today is 16-1-2018, i.e. 𝑡 = 11, and a demand 𝑑𝑙 arrives with 𝐿𝑖 = 35 days, the end date of the 

replenishment period, i.e. 𝑡 + 𝐿𝑖 = 50, is 6-3-2018; consequently 𝑚 = {1,2,3}. 

However, 𝑆𝐹𝑖(𝑚) adjusts as demand arrives; in other words, the demand consumes the forecast. The 

remainder of the forecast of month 𝑚 after this consumption is denoted as 𝐹𝑖(𝑚). 𝐹𝑖(𝑚) is calculated by 

𝑆𝐹𝑖(𝑚) minus all demand scheduled in month   𝑚 ∈ 𝑀, which is all scheduled demand, 𝐷𝑖(𝑗), between the 

first date, 𝑗 = min {𝑡 ∈ 𝑇|𝑚(𝑡) = 𝑚}, and the last date of the month, 𝑗 = max {t ∈ T|m(t) = m}. The 

demand forecast of the replenishment period is a summation of the remaining forecast of all months 

included in the replenishment period, which is calculated by: 

 

𝐹𝑖(𝑚) = max (0, 𝑆𝐹𝑖(𝑚) −  ∑ 𝐷𝑖(𝑗)

 max {𝑡∈𝑇|𝑚(𝑡)=𝑚}

𝑗= min {𝑡∈𝑇|𝑚(𝑡)=𝑚}

). (4) 

 

For example, today is 16-1-2018, with 𝑆𝐹𝑖(1) = 6, at 𝑡 = 4 a demand of 3 is delivered, i.e. 𝐷𝑖(4) = 3, at 

𝑡 = 17 a demand of 2 is delivered, i.e. 𝐷𝑖(17) = 2, and 𝐷𝑖(𝑡) = 0 for all other 𝑡 ∈ 𝑇 with 𝑚(𝑡) = 1. The 

remaining forecast for January is 1 part, i.e. 𝐹𝑖(1) = 1.  

PD-replenishment uses an inventory position that is derived from Equation (3) to determine whether a part 

should be replenished or not. In addition to the inventory position of Equation (3), the PD-replenishment 

inventory position also takes into account all remaining monthly forecast in the replenishment period, 

𝐹𝑖(𝑚), as well as the safety stock  

 𝐼𝑃𝑖
𝑃𝐷(𝑡) =  𝐼𝑃𝑖(𝑡) − s𝑖 − ∑ 𝐹𝑖(𝑘)

𝑚(𝑡+𝐿𝑖−1)

𝑘=𝑚(𝑡)
, (5) 

 

If 𝐼𝑃𝑖
𝑃𝐷(𝑡) is negative, the planner replenishes inventory with the maximum of -𝐼𝑃𝑖

𝑃𝐷(𝑡) and the minimal 

order quantity 𝑀𝑂𝑄𝑖.  

Algorithm 1: PD replenishment 

Step 1     For given 𝑡 ∈ 𝑇,                          ∀𝑖 ∈ 𝐼 with PD replenishment.     
 
       Step 1a     determine 𝑆𝐹𝑖(𝑘),                         ∀𝑘 ∈ {𝑚(𝑡), … , 𝑚(𝑡 + 𝐿𝑖 − 1)} 
       Step 1b     determine 𝐹𝑖(𝑘),                           ∀𝑘 ∈ {𝑚(𝑡), … , 𝑚(𝑡 + 𝐿𝑖 − 1)}              (cf. Eq. (4)), 

       Step 1c     determine ∑ 𝐹𝑖(𝑘)𝑚(𝑡+𝐿𝑖−1)

𝑘=𝑚(𝑡) .  

Step  2    For given 𝑡 ∈ 𝑇 and ∀𝑖 ∈ 𝐼 
                 if t ≔ day of inventory review of SKU 𝑖 ∈ 𝐼 then, 
                      determine 𝐼𝑃𝑖

𝑃𝐷(𝑡),        (cf. 5). 

                      if 𝐼𝑃𝑖
𝑃𝐷(𝑡) < 0 then, 

                           𝑅𝑖(𝑡 + 𝐿𝑇𝑖) ≔  max(−𝐼𝑃𝑖
𝑃𝐷(𝑡), MOQ𝑖) , 

                      else,  𝑅𝑖(𝑡 + 𝐿𝑇𝑖)  ≔ 0. 



46 

 

7.3.2. V1- replenishment 
The V1-replenishment is a periodic inventory model equal to an (R,s,nQ) model (Larsen & Kiesmüller, 

2007) . With review period R, i.e. 𝑅𝑇𝑖 in this research, reorder level 𝑠, i.e. 𝑟𝑖 in this research, and n times 

the reorder quantity 𝑄𝑖  for 𝑆𝐾𝑈 𝑖 

 𝑟𝑖 = 𝑠𝑖 + 𝐿𝑖 ∗ 𝜇𝑀𝐷𝑖
,  

 𝑄𝑖 = √
2 ∗ 𝐶𝑓

𝑖
∗ 𝜇𝑀𝐷𝑖

∗ 12

0.25 ∗ 𝐶𝑝𝑖
,   

with 𝐶𝑓𝑖 denoting fixed costs per replenishment order of SKU 𝑖 ∈ 𝐼 and  𝐶𝑝𝑖 the unit price of SKU 𝑖 ∈ 𝐼. 

An SKU of the V1-replenishment is replenished when the inventory position of 𝑆𝐾𝑈 𝑖 at time 𝑡, i.e. 𝐼𝑃𝑖(𝑡), 

touches 𝑟𝑖. The planner replenishes inventory by (a multiple of) 𝑄𝑖 . This procedure is described in 

Algorithm 2. 

Algorithm 2: V1 replenishment 

     For given t ∈ {1,2, … },                     ∀𝑖 ∈ 𝐼  𝑤𝑖𝑡ℎ 𝑉1 𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡. 
     if 𝑡 ≔ day of inventory review of SKU 𝑖 ∈ 𝐼, then, 
          determine 𝐼𝑃𝑖(𝑡),               (𝑐𝑓. Eq. (4)).    
          if 𝐼𝑃𝑖(𝑡) ≤  𝑟𝑖 , then            

               𝑅𝑖(𝑡 + 𝐿𝑇𝑖) ≔ 𝑐𝑒𝑖𝑙 (
𝑟𝑖 − 𝐼𝑃𝑖(𝑡)

𝑄𝑖
) ∗ 𝑄𝑖 , 

           else,  𝑅𝑖(𝑡 + 𝐿𝑇𝑖)  ≔ 0.  

7.4. Order-handling 
In the order handling process, the confirmed delivery date 𝑡𝑐𝑙 of order 𝑜 ∈ 𝑂𝑜𝑟 , with 𝑜𝑟 ∈ 𝑂𝑅 is first 

determined by the available to promise check (ATP-check) in which all orders are scheduled in the sequence 

of ordering; first comes first served (FCFS), as is assumed in Section 7.1. However, in addition to this basic 

model, the confirmed delivery date is validated based on the priority of an order after the ATP-check. If we 

include this validation in our model, the assumption that we do not include priority expires. Instead, we 

assume that order 𝑜 ∈ 𝑂1 has priority over order 𝑜 ∈ 𝑂𝑜𝑟 with 𝑜𝑟 > 1. In Section 7.4.1, the ATP-check is 

explained in detail and in Section 7.4.2, the validation phase by including priority in the order handling is 

explained.  

7.4.1. The ATP-check 
For each order-line 𝑙  in 𝑜 ∈ 𝑂𝑜𝑟 the ATP-check verifies if the inventory availability at time 𝑡 with arrival 

time 𝑡𝑎𝑟𝑟 for SKU 𝑖 ∈ 𝐼 corresponding to 𝑙 is sufficient to satisfy incoming demand 𝑑𝑙 at the requested 

delivery date. If this is not the case, the earliest date for which 𝐴𝑆(𝑡𝑎𝑟𝑟, 𝑡) is sufficient to satisfy the 

incoming demand is determined, defined as the material availability date, i.e.  𝑡𝑜. However, if the demand 

cannot be fulfilled by the inventory availability before 𝑡 equals the arriving date of the order, 𝑡𝑎𝑟𝑟, plus the 

replenishment period, 𝐿𝑖,   the earliest material availability is equal 𝑡𝑎𝑟𝑟 + 𝐿𝑖. After the material availability 

date of all order-lines 𝑙 is determined, the decision is made if the order is delivered completely or partially; 

if more than 85 percent and less than 100 percent of all orders can be delivered at the requested delivery 

date, a partial delivery occurs. The procedure of this ATP- check is described in Algorithm 3. 
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Algorithm 3. ATP-check 

Input      Given 𝑜 ∈ 𝑂 

                 set 𝑡𝑟𝑒𝑞 ≔ requested delivery date of order 𝑜  

                 set 𝑡𝑎𝑟𝑟 ≔ arrival date of order 𝑜. 
 
Step 1    For ∀𝑙 ∈ 𝑂𝐿𝑜 
 
       Step 1a    Set 𝑡 ∶= 𝑡𝑟𝑒𝑞 

       Step 1b    if 𝑡 ≥ 𝑡𝑎𝑟𝑟 + 𝐿𝑖  then  
                               goto step 1d. 
       Step 1c     determine 𝐴𝑆𝑖(𝑡𝑎𝑟𝑟 , 𝑡),                         (𝑐𝑓. Eq. (2)). 
                          if  𝐴𝑆𝑖(𝑡𝑎𝑟𝑟, 𝑡)  − 𝑑𝑙 < 0,   then 
                               𝑡 ≔ 𝑡 + 1, and goto Step 1b, 
       Step 1d     𝑡𝑙 ≔ 𝑡. 
 

Step 2     if  
|{𝑙 | 𝑡𝑙 = 𝑡𝑎𝑟𝑟}|

|𝑂𝐿𝑜|
> 0.85 then  

                      𝑡𝑐𝑙 = {
𝑡𝑎𝑟𝑟,           for 𝑙 with 𝑡𝑙 = 𝑡𝑎𝑟𝑟

𝑚𝑎𝑥
𝑙∈𝑂𝐿𝑜

(𝑡𝑙), for 𝑙 with 𝑡𝑙 > 𝑡𝑎𝑟𝑟
  

                 else, 𝑡𝑐𝑙 ≔  𝑚𝑎𝑥
𝑙∈𝑂𝐿𝑜

 (𝑡𝑙). 

 
Step 3     For ∀𝑙 ∈ 𝑂𝐿𝑜 and 𝑖(𝑙) = 𝑖 
                 𝐷𝑖(𝑡𝑐𝑙) ≔  𝐷𝑖(𝑡𝑐𝑙) + 𝑑𝑙 .      

7.4.2. The validation of the ATP-check 
In the first part of the order handling, no differentiation is made between the orderreasons. However, we 

consider a model in which orders are categorized based on urgency, containing different KPIs. In the 

validation phase of the order handling is manually checked for all urgent orders with a confirmed date of 

𝑡𝑐𝑙 > 𝑡𝑎𝑟𝑟 if the material availability date of all SKU 𝑖 for which 𝑡𝑙 > 𝑡𝑎𝑟𝑟 can be moved forward. Whether 

a part can be moved forward to time 𝑡 when it arrives at time 𝑡𝑎𝑟𝑟 is based on the urgent available stock of 

SKU 𝑖 ∈ 𝐼 at time 𝑡 with arrival time 𝑡𝑎𝑟𝑟, i.e. 𝐴𝑆𝑖
′(𝑡𝑎𝑟𝑟, 𝑡). This stock level is derived from the available 

stock explained in Equation (2). The only difference is that the urgent available stock depends on the urgent 

expected on hand stock, which depends on the urgent reserved demand, 𝐷𝑖
′(𝑡), instead of the reserved 

demand, 𝐷𝑖(𝑡)  

𝐸𝑂𝐻′𝑖(𝑡𝑎𝑟𝑟 , 𝑡′) = 𝑂𝐻𝑖(𝑡𝑎𝑟𝑟 − 1) −  ∑ 𝐷′𝑖(𝑡)
𝑡′

𝑗=𝑡𝑎𝑟𝑟

+  ∑ 𝑅𝑖(𝑡),
𝑡′

𝑗=𝑡𝑎𝑟𝑟

 

 

𝐴𝑆′𝑖(𝑡𝑎𝑟𝑟, 𝑡) = min
𝑥={𝑡,…,𝑡𝑎𝑟𝑟+𝐿𝑖−1}

𝐸𝑂𝐻′
𝑖(𝑡𝑎𝑟𝑟, 𝑥). (6) 

 

By doing this, a part that is reserved originally for a less-urgent scheduled order, is allocated to a more 

urgent order, resulting in an advanced confirmed delivery date for the urgent order. However, as a result, 

the less-urgent scheduled order is not delivered on time and experiences a delivery delay; the scheduled 

order is no longer complete at the confirmed delivery date and should therefore be rescheduled using 

Algorithm 3.  

The changes to Step 1c of Algorithm 3 when the validation of the SPC is added to the algorithm are shown 

in red in Algorithm 3.1.  
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Algorithm 3.1. Adjustment ATP-check - with validation 

Step 1    For ∀𝑙 ∈ 𝑂𝐿𝑜 
 
       Step 1a    Set 𝑡 ∶= 𝑡𝑟𝑒𝑞 

       Step 1b    if 𝑡 ≥ 𝑡𝑎𝑟𝑟 + 𝐿𝑖  then  
                               goto step 1d. 
       Step 1c     if 𝑂𝑅 = 1, then 
                               determine 𝐴𝑆′𝑖(𝑡𝑎𝑟𝑟, 𝑡),                         (𝑐𝑓. Eq. (6)). 
                               if  𝐴𝑆′𝑖(𝑡𝑎𝑟𝑟, 𝑡)  − 𝑑𝑙 < 0,   then 
                                    𝑡 ≔ 𝑡 + 1, and goto Step 1b, 
                         else,  
                               determine 𝐴𝑆𝑖(𝑡𝑎𝑟𝑟 , 𝑡),                         (𝑐𝑓. Eq. (2)). 
                               if  𝐴𝑆𝑖(𝑡𝑎𝑟𝑟 , 𝑡)  − 𝑑𝑙 < 0,   then 
                                    𝑡 ≔ 𝑡 + 1, and goto Step 1b, 
 
       Step 1d     𝑡𝑙 ≔ 𝑡.      

7.5. Changes in the order handling 
In this section, we focus on the order handling of Marel Poultry and propose an improved way of its order 

handling based on the recommendations stated in Section 6.3. We propose two changes (i) divide 

orderreason 2 in two separate orderreasons and (ii) include priority in the ATP-check by a crticial level 

equal to the safety stock.  

In Section 7.5.1, we discuss the division of orderreason 2 and the expected results from this change. The 

implementation of the critical level is explained in detail in Section 7.5.2.  

7.5.1. Orderreason 2 
The service department strives to deliver urgent orders immediately out of stock, while for less-urgent 

orders it is more important to deliver an order on-time. The service department considers orders of 

orderreason 1 and 2 as urgent orders and orders of orderreason 3,4 and 5 as less-urgent orders. However, 

the orders of orderreason 2 are very diverse since both small break-fix orders and big replenishment orders 

are allocated to orderreason 2. This causes inconsistency in the priority allocation of orderreason 2 in the 

order handling process. Therefore, we propose to divide orderreason 2 into (i) Orderreason 2.A – break-fix 

and (ii) Orderreason 2.B – replenishment.  

Determining strict guidelines to divide orderreason 2 is hard because at this moment the exact reason for 

placing the order that is assigned to orderreason 2 is often only mentioned in the conversation between the 

SPC and the customer, if it is already mentioned. The historical data only includes a small description of 

the SPC. Next to that, interviews have shown that SPCs often assign an order to orderreason 2 because it 

does not fit within one of the other orderreasons; no clear reason is assigned to the order. Nevertheless, the 

historical data includes some information that indicate the urgency of the order; in the historical data smaller 

orders contain a customer requested delivery date more often than big orders, which gives the impression 

that the order is more urgent. In addition, smaller orders have a more specific description containing the 

name of the customer or the parts included, while big orders have more general descriptions like “weekly 

order” or “divers/various spare parts” indicating that it is a replenishment order. 

Based on this analysis, we assume that in general, an order that contains a break-fix part is smaller than an 

order that contains replenishment parts. Furthermore, all orders that are equal to or bigger than the average 

order size of orderreason 2, 𝜆𝑂2
= 5, are considered big orders. Therefore, an order that is smaller than 

𝜆𝑂2
= 5, i.e. |𝑂2| < 5, is assigned to orderreason 2.A – break-fix and an order that is bigger than or equal 

to  𝜆𝑂2
= 5, i.e. |𝑂2| ≥ 5, is assigned to orderreason 2.B – replenishment. Table 13 shows an overview of 

the set rules to divide orderreason 2. However, further research should be performed to create detailed 
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guidelines for dividing orderreason 2 because the provided rules give only a generalized division; the rules 

are based on too little information.  

Table 13 - Division of orderreason 2 

 

By the implementation of the rules described in Table 13, a more realistic KPI can be set up for both 

orderreason 2.A and 2.B. Furthermore, because orderreason 2.A only includes break-fix and small 

replenishment orders, all included orders are urgent. Therefore, implementing a division in orderreason 2 

changes the order handling process such that in addition to orderreason 1, also orderreason 2.A has priority 

in the validation phase. The changes to Step 1c of Algorithm 3.1 when the division of orderreason 2 of is 

added to the algorithm are shown in red in Algorithm 3.2. 

 

Algorithm 3.2. Adjustment ATP-check – division of orderreason 2 

Step 1    For ∀𝑙 ∈ 𝑂𝐿𝑜 
 
       Step 1a    Set 𝑡 ∶= 𝑡𝑟𝑒𝑞 

       Step 1b    if 𝑡 ≥ 𝑡𝑎𝑟𝑟 + 𝐿𝑖  then  
                               goto step 1d. 
       Step 1c     if 𝑂𝑅 = 1|𝑂𝑅 = 2, then 
                               determine 𝐴𝑆′𝑖(𝑡𝑎𝑟𝑟, 𝑡),                         (𝑐𝑓. Eq. (6)). 
                               if  𝐴𝑆′𝑖(𝑡𝑎𝑟𝑟 , 𝑡)  − 𝑑𝑙 < 0,   then 
                                    𝑡 ≔ 𝑡 + 1, and goto Step 1b, 
                         else,  
                               determine 𝐴𝑆𝑖(𝑡𝑎𝑟𝑟 , 𝑡),                         (𝑐𝑓. Eq. (2)). 
                               if  𝐴𝑆𝑖(𝑡𝑎𝑟𝑟 , 𝑡)  − 𝑑𝑙 < 0,   then 
                                    𝑡 ≔ 𝑡 + 1, and goto Step 1b, 
 
       Step 1d     𝑡𝑙 ≔ 𝑡.      

 

7.5.1. Critical level 
Priority of the urgent orders is only included in the validation phase; because of that, often less-urgent 

orders are delayed. Therefore, we propose to include the priority already in the ATP-check by a critical 

level that is equal to the safety stock; if the inventory availability is lower than the safety stock, the less-

urgent orders cannot be delivered from stock. Currently, all orders can consume the safety stock. As a result, 

it happens that line-down and break-fix orders cannot be delivered from stock because inventory is already 

consumed by a preventive order. In addition, due to the priority in the validation phase of line-down and 

break-fix orders, preventive orders may have a delivery delay. We expect that by implementing the priority 

rule that the safety stock can only be consumed by line-down and break-fix orders in the ATP-check, fewer 

orders will become prioritized manually in the validation phase and more stock is reserved in advance for 

urgent orders.  

 Description Rule New 𝝀𝒐𝒓 #orders 

2018 

Most 

important 

KPI 

Orderreason 

2.A 

Break-fix parts, 

small replenishment 

All orders with 

|𝑂2| < 5 

𝜆2 = 2.10 1520 Fill-rate 

𝛽𝑖 

Orderreason 

2.B 

Replenishment parts All orders with 

|𝑂2| ≥ 5 

𝜆2.𝐵

= 19.26 

635 On-time 

delivery OTD 
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We chose the critical level to be the safety stock because this part of the inventory is stocked to meet the 

variabilities and exceptions in the demand. A less-urgent order is often not exceptional, i.e. a delivery from 

stock is not required. Therefore, the safety stock should be reserved for the urgent orders.     

The implementation of the critical level changes only the ATP-check of the preventive orders; if the 

inventory availability minus the demand is lower than the safety stock, this demand cannot be delivered 

immediately from stock. The changes to Step 1c of Algorithm 3.2 when the critical level of the SPC is 

added to the algorithm are shown in red in Algorithm 3.3.  

Algorithm 3.3. Adjustment - ATP-check – critical level 

Step 1    For ∀𝑙 ∈ 𝑂𝐿𝑜 
 
       Step 1a    Set 𝑡 ∶= 𝑡𝑟𝑒𝑞 

       Step 1b    if 𝑡 ≥ 𝑡𝑎𝑟𝑟 + 𝐿𝑖  then  
                               goto step 1d. 
       Step 1c     if 𝑂𝑅 = 1|𝑂𝑅 = 2, then 
                               determine 𝐴𝑆′𝑖(𝑡𝑎𝑟𝑟, 𝑡),                         (𝑐𝑓. Eq. (6)). 
                               if  𝐴𝑆′𝑖(𝑡𝑎𝑟𝑟 , 𝑡)  − 𝑑𝑙 < 0,   then 
                                    𝑡 ≔ 𝑡 + 1, and goto Step 1b, 
                         else,  
                               determine 𝐴𝑆𝑖(𝑡𝑎𝑟𝑟 , 𝑡),                         (𝑐𝑓. Eq. (2)). 
                               if  𝐴𝑆𝑖(𝑡𝑎𝑟𝑟 , 𝑡)  − 𝑑𝑙 < si,   then 
                                    𝑡 ≔ 𝑡 + 1, and goto Step 1b, 
 
       Step 1d     𝑡𝑙 ≔ 𝑡.      
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8. Case study 
RQ 5: What are the effects on the delivery performances fi priority is included  in the 

order handling process? 

To check whether the changes in the order handling process provided in Chapter 7 are beneficial, a case 

study is performed at Marel Poultry. In this case study, we use a simulation to calculate if (i) dividing 

orderreason 2 in the categories break-fix and a replenishment and (ii) implementing a critical level, will 

improve the KPIs of urgent and less-urgent orders.  

In Section 8.1, the simulation and its input parameters are discussed. Thereafter, in Section 8.2, the priority 

rules are evaluated by analyzing the results of the simulation. Lastly, in Section 8.3, this chapter is 

concluded. 

8.1. Simulation 
In this case study, we execute three different simulations (i) the current model, (ii) the division of 

orderreason 2, with priority and (iii) the critical level. For each simulation, we have determined the warm-

up period to be 40 because after 40 days the fill-rates have a constant value. To still have output representing 

one year, i.e. 2018 had 251 workdays, with a warmup period of 40 days, we need a simulation of in total 

291 days. Furthermore, marel Poultry introduced the categorization on order level, i.e. the orderreasons, at 

1-1-2018. Because orderreasons are an important parameter in this case study, we can only take into account 

the historical data of 2018 as input values. To simplify the simulation, we generated a complete dataset 

representing one year of demand based on the historical data and the demand characteristics. In Section 

8.1.1 is explained how this demand is generated. Then, in Section 8.1.2, all input values of the simulation 

are given. 

8.1.1. Demand generation 
In Section 7.3 is explained that Marel Poultry replenishes its inventory periodically. Depending on the 

SKU, inventory is reviewed every day or every week; therefore, the exact time of arrival is not important. 

Each day represents one iteration in the simulation; demand arrives – demand is scheduled – demand is 

replenished if necessary. Therefore, we generate a daily demand every start of an iteration. This demand 

is generated as follows. Each generated demand dataset represents one day of demand with a number of 

arriving orders per day, which is based on a random Poisson value with 𝜆𝑡𝑜𝑡𝑎𝑙. Next, each order is 

assigned to an orderreason with probability 𝑃𝑜𝑟 and the number of order-lines per order is determined by a 

random Poisson value with 𝜆𝑂𝐿,𝑜𝑟. Next, every order-line 𝑙 is linked with SKU 𝑖 ∈ 𝐼 with probability 𝑃𝑖𝑜𝑟
. 

Each order-line 𝑙 ∈ 𝑂𝐿𝑜 is assigned to an SKU 𝑖 ∈ 𝐼𝑜𝑟, with 𝐼𝑜𝑟 ⊂ 𝐼 representing the subset of all SKU 

𝑖 ∈ 𝐼 demanded by order 𝑜 ∈ 𝑂𝑂𝐿𝑜𝑟
. Lastly, the demanded quantity per order-line 𝑙 ∈ 𝑂𝐿𝑜 and SKU 𝑖 ∈

𝐼𝑜𝑟, i.e. 𝑑𝑙, is set to the average demand per SKU 𝑖 ∈ 𝐼𝑜𝑟 per order-line, i.e. 𝜇𝑑𝑙
, with 𝑖(𝑙) = 𝑖. This 

generated demand is the main input of the simulation. All input parameters that are used in this demand 

generation are shown in Table 14. 

8.1.2. Input parameters 
In Table 14 all input parameters of an SKU 𝑖 ∈ 𝐼 of the simulation are shown. We categorized these input 

parameter based on (i) general values, (ii) SKU 𝑖 ∈ 𝐼, and (iii) SKU 𝑖 ∈ 𝐼 related to orderreason 𝑜𝑟 ∈ 𝑂𝑅. 

To determine the safety stock and the forecasted demand, the service department uses SLIM4 to 

determine if SKU 𝑖 ∈ 𝐼 has a positive safety stock and what the level of this stock should be. Only if SKU 

𝑖 is demanded in more than four months out of the previous 12 months by sales or service, SLIM4 

calculates the optimal level of the safety stock for SKU 𝑖 ∈ 𝐼. 
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Table 14 - Input parameters 

General per SKU  𝒊 ∈  𝑰 and 𝒐𝒓 ∈ 𝑶𝑹 = {𝟏, 𝟐. 𝑨, 𝟐. 𝑩, 𝟑, 𝟒, 𝟓} 

Parameter Description Value 

|𝐼| Number of SKUs 15595 

𝜆𝑜𝑟 arrival rate of 𝑜 ∈  𝑂𝑜𝑟 

{4.2, 95.7, 1.5, 8.5, 0.7}; 

{4.2, 62.7, 33.1, 1.5, 8.5, 0.7} 

𝑃𝑜𝑜𝑟
 probability order 𝑜 ∈  𝑂 is assigned to 𝑜𝑟 ∈ 𝑂𝑅 

𝜆𝑜𝑟

∑ 𝜆𝑜𝑟𝑜𝑟∈𝑂𝑅
 

per SKU 𝒊 ∈ 𝑰 

𝐶𝑓𝑖 Fixed price per order of SKU 𝑖 ∈  𝐼 {€500,€50} 

𝐶𝑝𝑖 Unit price per order of SKU 𝑖 ∈  𝐼 Dependent per SKU 𝑖 ∈ 𝐼 

𝛽𝑖 set fill-rate per SKU 𝑖 ∈  𝐼 {0.7, 0.8, 0.95, 0.97, 0.98, 0.99} 

𝑧𝑖 z-value of the service level for SKU 𝑖 ∈  𝐼 Φ−1(𝛽𝑖) 

𝜇𝑀𝐷𝑖 average demand per month of SKU 𝑖 ∈  𝐼 𝐸(𝑀𝐷𝑖) 

𝜎𝑀𝐷𝑖 significance of variation per month of SKU 𝑖 ∈  𝐼 
√ 

∑ (𝑀𝐷𝑖 − 𝜇𝑀𝐷𝑖
)

2
𝑚∈𝑀

12
 

𝑠𝑖 Safety stock of SKU 𝑖 ∈  𝐼 𝑧𝑖 ∗ √𝐿𝑖 ∗ 𝜎𝑀𝐷𝑖
 

𝐿𝑇𝑖 

Replenishment lead-time per SKU 𝑖 ∈  𝐼 in work 

days Dependent per SKU 𝑖 ∈ 𝐼 

𝑅𝑇𝑖 Review period of SKU 𝑖 ∈  𝐼 in work days {1,5} 

𝐿𝑖 Replenishment period of SKU 𝑖 ∈  𝐼 𝐿𝑇𝑖 +  𝑅𝑇𝑖 

𝑀𝑂𝑄𝑖 minimum order quantity for SKU 𝑖 ∈  𝐼 Dependent per SKU 𝑖 ∈ 𝐼 

𝑄𝑖 Economic order quantity of SKU 𝑖 ∈ 𝐼 
√

2 ∗ 𝐶𝑓𝑖 ∗ 𝜇𝑀𝐷𝑖
∗ 12

0.25 ∗ 𝐶𝑝𝑖
 

𝑟𝑖 Reorder point of SKU 𝑖 ∈ 𝐼 𝑠𝑖 + 𝐿𝑖 ∗ 𝜇𝑀𝐷𝑖
 

per 𝑺𝑲𝑼 𝒊 ∈  𝑰𝒐𝒓 ⊂  𝑰, 𝒐𝒓 ∈  𝑶𝑹 =  {𝟏, 𝟐. 𝑨, 𝟐. 𝑩, 𝟑, 𝟒, 𝟓} 

|𝐼𝑜𝑟| Number of SKUs per orderreason.  

{1922, 16458, 3227, 5276, 991} 

{1922, 7060, 11917, 3227, 5276, 991, } 

𝜆𝑙𝑜𝑟
 average number of order-lines per 𝑜 ∈  𝑂𝑜𝑟 

{3.2, 5.2, 42.1, 50.0, 12.2}; 

{3.2, 1.9, 11.9, 42.1, 50.0, 12.2} 

𝑂𝐿𝑖𝑜𝑟
 

number of order-lines of SKU  𝑖 ∈ 𝐼assigned to 

𝑜𝑟 ∈ 𝑂𝑅 Dependent per SKU 𝑖 ∈ 𝐼 

𝑃𝑖𝑜𝑟
 

probability that order- line 𝑙 ∈ 𝑜𝑜𝑟 is assigned to 

SKU 𝑖 ∈ 𝐼𝑜𝑟 

𝑂𝐿𝑖𝑜𝑟

∑ 𝑂𝐿𝑖𝑜𝑟𝑖∈𝐼𝑜𝑟

 

𝑑𝑙(𝑖) 
demand per SKU per order-line, in simulation equal 

to average quantity ordered per SKU 𝑖 ∈  𝐼𝑜𝑟 
𝐸(𝑑𝑙(𝑖)) 
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8.2. Results 
In this section, the results of the KPIs of the delivery performances are shown, validated and analyzed. In 

Table 15 the expected changes in the delivery performances by implementing the priority rules are shown. 

Table 15 - expected results simulation 

  Divide orderreason 2 Critical level 

Fill-rate (LIFR,OFR) Urgent orders Increase fill-rate Increase fill-rate 

 Less-urgent orders  - Decrease fill-rate 

On-time delivery Urgent orders - - 

 Less-urgent orders Decrease on-time 

delivery 

Increase on-time 

delivery (relative to 

divide orderreason 2) 

Holding costs  Small increase in the 

holding costs 

Increase in the holding 

costs. 

Fill-rate: We expect that in both changes the fill-rates for the urgent orders, i.e. orderreason 1 and 2.A,  

will increase. While we expect no influence on the fill-rate of the less-urgent orders in the division of 

orderreason 2, we expect a decrease in the fill-rate after the implementation of the critical level because 

less stock is available for these orders.  

On-time delivery: In this this simulation, only the delivery delays due to an intervention of an urgent order 

is taken into account. Because only less-urgent orders can be intervened, we expect that the on-time 

delivery for the urgent orders will not be influenced by the two changes in the order handling. Next, we 

expect a decrease in the on-time delivery when orderreason 2 is divided. Additionally, we expect an 

increase in the on-time delivery of the critical level related to the division of orderreason 2 because 

priority is included earlier in the process.  

Holding costs: We expect that the holding costs after the division of orderreason 2 will increase a little 

because parts are kept longer on stock due to the rescheduling of an order. Next to that, we expect that the 

increase of the holding costs when implementing the critical level is higher because more safety is 

reserved for the urgent-orders.  

In Section 8.2.1 we discuss the fill-rate, in Section 8.2.2 we discuss the on-time delivery, and in Section 

8.2.3 we discuss the holding costs. 

8.2.1. Fill-rate 
In Section 5.1 is explained that especially for orderreason 1 and 2 the service department aims at an 

immediate delivery from stock for all orders. In section 5.2.1, the KPI fill-rate is linked to this goal and 

calculations are given for the order fill-rate (OFR) and the line-item fill-rate (LIFR). In this case study, 

we check if the implementation of the two changes in the order handling improves the fill-rates of 

orderreason 1 and orderreason 2. The results of the simulation regarding the fill-rate are shown in Table 

16. 

Validation of the current model - Because Marel Poultry combines the inventory for sales and service, it 

is hard to determine the on-hand stock for all service parts. Therefore, in the simulation we used the 

replenishment and forecast rules of Marel Poultry to determine which SKUs should be stocked in 

advance, i.e. make to stock (MTS), and which SKUs should only be ordered at the supplier when it is 

demanded, i.e. make to order (MTO).  If an SKU is replenished by the V1-replenishment, the SKU is 

MTS; if an SKU is replenished by the PD-replenishment, it is only MTS if it is demanded in more than 4 

months out of the last 12 months.  
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Table 16 - Results fill-rates 

 Current model Divide orderreason 2 Criticial level 

Order reason  LIFR OFR LIFR OFR LIFR OFR 

1 (Line down/Emergency (Customer Down)) 0,8256 0,5593 0,8256 0,5593 0,8436 0,6041 

2 (Reactive (Break-Fix/Stock replenishment)) 0,8368 0,5498 0,8403 0,5575 0,7384 0,4853 

2.A. Break-fix 0,8053 0,6611 0,8163 0,6705 0,8310 0,6956 

2.B. Stock-replenishment 0,8472 0,3424 0,8482 0,3472 0,7080 0,0940 

3 (Recommended Parts Packages (Start-Up)) 0,8670 0,3276 0,8690 0,3374 0,7565 0,0412 

4 (Preventive/Overhaul) 0,9578 0,5634 0,9584 0,5657 0,8914 0,4000 

5 (Upgrade/Modification) 0,7818 0,2091 0,7809 0,2091 0,6561 0,0290 

Total demand 0,8505 0,4837 0,8533 0,4891 0,7852 0,3699 

After comparing the results of the simulation of the current model in Table 16 with the results of the 

calculated fill-rate in Table 7 (see Section 5.2.1), we find that the LIFR of the less-urgent orders are 1-3 

percent point higher in the simulation than the calculated fill-rates in Table 7. In addition, the LIFR of the 

urgent orders are circa 7 percent point lower. To explain this difference, we have checked what the fill-

rates should be if all SKUs that we define in this simulation as MTS are on stock. These results are shown 

in Table 17. Looking at the LIFRs of orderreason 1 and 2, we find that if all SKUs that are MTS are on 

stock, the LIFRs do not reach the LIFRs of Table 7. This difference can be explained by the fact that 

almost 30% of all SKUs that are not MTS orders are still in stock because these SKUs were MTS orders 

in the past or because more parts should have been ordered at the supplier than needed due to the 

minimum order quantity. This difference in inventory level is more often related to PD-replenishment 

because all V1-replenishment SKUs are MTS. Additionally, because orderreason 1 and 2 have more 

order-lines that are replenished by the PD-replenishment, see Table 17, this deviation in the inventory 

levels have more effect on orderreason 1 and 2 than on orderreason 3,4 or 5.  

Table 17 - Validation for the simulation 

Order reason  LIFR – only MTS orders. %order-lines PD- replenishment 

1 (Line down/Emergency (Customer Down)) 0,8547 44,49% 

2 (Reactive (Break-Fix/Stock replenishment)) 0,8766 42,59% 

2.A. Break-fix 0,8558 50,05% 

2.B. Stock-replenishment 0,8834 40,32% 

3 (Recommended Parts Packages (Start-Up)) 0,8994 37,20% 

4 (Preventive/Overhaul) 0,9715 20,28% 

5 (Upgrade/Modification) 0,8135 45,50% 

Total demand 0,8841 28,53% 

Next to the difference in the LIFR, we see that the OFR differ a lot for orderreason 1 and 2. This 

difference can be explained by the fact that the LIFR differ much. While checking the ratio between the 

LIFR and the OFR of the orderreasons we find that these rates are comparable, see Table 18.  In addition, 

a high difference can be seen by the preventive orders. This difference can be explained by the fact that in 

the simulation we assumed that an order is partially delivered if more than 85 percent of the order can be 

delivered immediately. In the calculations in Table 7, these partial deliveries are not taken into account.  

Table 18 - ratio LIFR and OFR 

  LIFR OFR Ratio (𝐿𝐼𝐹𝑅𝑟𝑎𝑡𝑖𝑜 = 𝑂𝐹𝑅) 

Orderreason 1 Actual 0,8940 0,7423 2,66 

 Simulation 0,8256 0,5593 2,67 

Orderreason 2 Actual 0,9010 0,6996 3,43 

 Simulation 0,8368 0,5498 3,36 
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Division of orderreason 2 – Comparing the fill-rates of the current model and the division of orderreason 2 

we find that the fill-rate differs most for orderreason 2.A; instead of an OFR of 0,6611 in the current model, 

an OFR of 0,6705 can be realized. This change represents a number of 146 orders that can be delivered 

more immediately from stock in one year. Moreover, a clear distinction in the fill-rates can be found while 

splitting orderreason 2 in two. We also see a small difference in the fill-rates of the less-urgent orders, this 

can be explained by the fact that due to the rescheduling of an order it is possible that stock will become 

available again for other less-urgent orders. However, this effect is negligible.  

Critical level – The change of the critical level also includes the division of orderreason 2, therefore we 

compare the changes of the critical level with the values of the division of orderreason 2. We find that the 

fill-rates differ for both the fill-rates for the urgent orders as the fill-rates for the less-urgent orders. First, 

the OFR for the urgent orders increase with 4,48 percent point for orderreason 1 and 2,51 percent point for 

orderreason 2.A, representing 47 and 389 orders respectively. However, the OFR of the less-urgent orders 

are all almost equal to zero. This is not worrying for orderreason 3 and 4 because actually these orders can 

all be scheduled in advance. Although, the decrease in the OFR of ordderreason 2.B can be a point of 

discussion, since the urgency of these orders is in-between the priority of orderreason 1 and 2.A and the 

priority of orderreason 3,4 and 5.  

8.2.2. On-time delivery 
In Section 5.2.2. the on-time delivery is calculated based on the create delivery date (CDD) the warehouse 

finish date (WFD) and the realized finish date (RFD). In this simulation we calculate the on-time delivery 

on the create delivery date (OTD-CDD). However, we include only the delay due to the fact that an 

urgent order that has priority over a less-urgent order. Therefore, the OTD will be much higher in this 

section than in Section 5.2.2. 

Divide orderreason 2 - In Table 19 the number of less-urgent orders delayed and the corresponding OTD 

is shown. We can conclude that almost for every priority order that is delivered more from stock, a less-

urgent order is rescheduled. This can be explained by the fact that the quantity ordered at an order-line for 

an SKU is most of the time higher for the less-urgent orders than for the urgent orders. Therefore, only 

one order-line should be replaced to deliver the order on-time.  

Critical level – If we compare the on-time delivery of the critical level and the division of orderreason 2 

we see that the difference is very small. However, our expectations that the on-time delivery should 

improve is not confirmed.  

Table 19 - Comparison on-time delivery 

 OTD  (partial) orders delivered late/rescheduled 

Current model 99,3% 75  

Divide orderreason 2 97,95% 226 

Critical level 97,93% 228  

 

8.2.3. Holding costs 
In this section the holding costs for each simulation are compared. The holding costs are 25 percent of the 

total value of the inventory. Currently, the combined inventory of Marel Poultry has a value of €30 

million. Hence, the combined holding costs of Marel Poultry is €7.5 million.  

Validation of the current model –Marel Poultry has a combined inventory and 30% of all SKUs that are 

MTO items, are still on stock. Therefore, it is hard to determine the actual stock only for service. 

However, the value of the service parts is estimated between €5 and €10 million, which results in an 

estimation of the holding costs between €1.25 and €2.5 million. Because we take only stock of the MTS 

items that are demanded in 2018 into account, the holding costs calculated by the simulation are a bit 
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lower than expected. In Table 20 the holding costs of all three simulations are shown. While calculating 

the holding costs based on Equation (7), we find an holding costs of 1,281,542.12: 

 

ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 = 0.25 ∗ ( ∑ 𝑠𝑖 + 0.5 ∗ 𝑄𝑖 ∗  𝐶𝑝𝑖 + 

𝑖∈𝑉1−𝑟𝑒𝑝𝑙

∑ 𝑠𝑖 + 0.5 ∗ 𝑆𝐹𝑖 ∗ 𝐿𝑖 ∗ 𝐶𝑝𝑖

𝑖∈𝑃𝐷−𝑟𝑒𝑝𝑙

) (7) 

 
We conclude that the holding costs in the simulation represent the real values because of the small 

differences between the calculated holding costs and he simulated holding costs and because the values in 

Table 20 are close to the estimated holding costs of €1.25 million. Moreover, the increase of the holding 

costs are in line with our expectations.  

 
Table 20 - holding costs 

 

 

 

Divide orderreason 2 – The holding costs increase by 3.1 percent, which represents an increase of €3807 

when orderreason 2 is divided and orderreason 2.A gets priority. In Section 8.2.1, we found that this is an 

increase of 146 orders that can be delivered immediately from stock. As a result, the costs to deliver one 

order immediately from stock by this implementation is €26.08 

Critical level – Because the critical level also includes the division of orderreason 2 we compare these 

results with the results of the division of orderreason 2. We find that the holding costs increase with 11,31 

percent, which is an increase of €137.900. In Section 8.2.1 is shown that by implementing the critical level 

orderreason 1 can deliver 47 orders extra from stock and orderreason 2.A 389. As a result, the costs to 

deliver one order immediately from stock by this implementation is €316.28 

8.3. Conclusion 
In Table 21 a summary of all important findings in the results of the simulation is given.  

Table 21 - Important results of the change in the order handling 

  Divide orderreason 2 Critical level 

Fill-rate 

(LIFR,OFR) 

Orderreason 1  OFR: ↑ 4.48 percent point.  

(47 orders) 

 Orderreason 

2.A. 
OFR: ↑ 0.94 percent point.  

(146 orders) 

OFR: ↑ 2.51 percent point. 

(389 orders) 

 Less-urgent 

orders  

 OFR: ↓ almost to 0.  

(no delivery from stock for 

orderreason 2.B, 3 and 5) 

On-time 

delivery 

Urgent orders   

 Less-urgent 

orders 
↓ 1.35 percent point 

(151 orders) 

negligible 

Holding costs  ↑ 3.10 percent 

(€3807; €26 per order) 

↑ 11.31 percent 

(€137.900; €316.28 per order) 

 

 Holding costs 

Current model 1,215.983.08 

Divide orderreason 2 1,219,790.04 

Critical level 1,357,690.14 
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Dividing orderreason 2 - Based on the results of the current model, we can conclude that dividing 

orderreason 2 in orderreason 2.A and orderreason 2.B is definitely beneficial for creating an overview of 

the delivery performances. We see that the values of orderreason 2.A and orderreason 2.B differ 

substantially and that the values of orderreason 2 (old) are not representative for orderreason 2.A. 

Furthermore, we can conclude that it is beneficial to prioritize orderreason 2.A, since only one order is 

delayed if one order is prioritized and the holding costs increase only by €26 euro per order.  

However, further research should be conducted about the rules to divide orderreason 2 because urgency is 

not only based on the number of order-lines per order.We recommend the service department to start a 

project with the supply chain department to set up a requirements list to create clear rules to allocate an 

order to an orderreason.  

Critical level - We conclude that after the implementation of the critical level the OFR of both orderreason 

1 and orderreason 2.A has increased substantially. However, the holding costs increase with 11.31 percent 

after this implementation. Next, the OFR of orderreason 2.B,3 and 5 are almost 0. Because ordererason 3 

and 5 are plannable, this is not worrying. However, orderreason 2.B is not plannable and its urgency is 

actually in between the urgency of the urgent orders and the less-urgent orders. Therefore, we recommend 

to keep orderreason 2.B neutral; orderreason 2.B has no priority on less-urgent orders and it can deliver 

from the safety stock. Next, in the simulation, a critical level is set for all SKUs, while not all SKUs are 

ordered both in an urgent order and in a less-urgent order. Therefore, the service department should further 

investigate which SKUs often intervene less-urgent orders; in other words, for which SKUs the service 

department should set a critical level. Thereafter, for each of these SKUs the optimal critical level should 

be investigated since the safety stock is not the optimal critical level for all SKUs.  
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9. Conclusions and recommendations 
 

This research is conducted to solve the problem of the service department in achieving its goals regarding 

the spare parts delivery performances per spare part category. This problem relates to multiple departments, 

though only the activities from the service department that influence the delivery performances are 

evaluated. In Section 9.1, the conclusions of this research are discussed. Then in Section 9.2, limitations of 

this research are discussed and in Section 9.3, recommendations are set up. 

9.1. Conclusions 
In this chapter, we answer the main research question: 

How can the service department of Marel Poultry achieve its goals regarding the spare part delivery 

performance per spare part category? 

Order handling 

Spare part categories: How does the service department of Marel Poultry define its spare part 

categories? 

The service department has two methods to categorize its spare parts. First, the AE-coding categorizes 

SKUs on its criticality and failure rate. Second, the orderreason categorization categorizes the orders on the 

reason of ordering, depending on the maintenance concept and the urgency of the order. This research 

focusses on the categorization on orderreason because the service department focusses on the on-time 

delivery and fill-rate on order level. Results of the order demand allocation to orderreason categorization 

shows that more than 80 percent of all orders is allocated to orderreason 2 (Reactive (break-fix/stock 

replenishment). Interviews have shown that orderreason 2 is used as a rest category; all orders that do not 

belong to orderreason 1, 3, 4, or 5 are allocated to orderreason 2. As a result, this orderreason differentiates 

from urgent break-fix orders to large periodic replenishment orders.   

Order handling process: What is the role of the service department in the delivery of an order? 

The service department determines the confirmed delivery date in the order entry phase, forecasts the 

demand, and manages the inventory. Although the order-entry is only a small fraction of the customer lead-

time, this activity is one of the most important because if the delivery date is not set well, the final delivery 

performances will decrease. The service department is in the position to keep an overview of all activities 

in the customer lead-time. 

Goals of the service department 

Goals per orderreason: To what extent does the service department achieve its goals regarding the 

delivery performances? 

The service department differentiates its goals for the delivery performance based on the urgency of the 

order. It strives to deliver all urgent orders immediately from stock, and to deliver all less-urgent on-time 

at the confirmed deliver date. Because these goals are not feasible since it is practically impossible to deliver 

all orders from stock. The service department should set specific targets for the KPIs fill-rate and on-time 

delivery for each categorization of the orders. Moreover, because currently no targets are set, it is difficult 

to determine if the service department achieves its goals.  
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Improving the delivery performance 

Root-causes: Why are the goals of the service department not achieved? 

We found two root-causes of a delivery delay that can be influenced by the service department. First, 

orderreason 2 includes too many orders with a different urgency; it varies from urgent break-fix orders to 

large periodic replenishment orders. Currently, the goals of orderreason 2 are based on the most urgent 

orders allocated. Because the less-urgent orders in orderreason 2 are delivered according to the confirmed 

delivery date determined by the available-to-promise check (ATP-check), these goals are often not 

achieved. Second, priority is only included manually. This leads to a differentiation in the prioritization 

between SPCs. Next, this priority might intervene less-urgent orders that are scheduled in the future. 

Moreover, these causes also lead to an increase in the workload. As a result, the SPC and planners stay in 

a vicious circle and remain problem solving instead of working on preventive solutions to improve the 

delivery performance. 

 

Priority in the order handling process: What are the effects on the delivery performances if priority is 

included in the order handling process? 

We propose two changes in the current model (i) divide orderreason 2 in two separate orderreasons and (ii) 

include priority in the ATP-check by a critical level equal to the safety stock.  

Dividing orderreason 2 – It is beneficial to divide orderreason 2 in orderreason 2.A. and orderreason 2.B 

because the service department is able to set a more specific target, the measured delivery performances 

give a better overview of the real delivery performances, and orderreason 2.A can be prioritized. Next, it is 

beneficial to prioritize orderreason 2.A because the OFR increases, prioritizing one urgent order causes 

only one delay in the delivery of a less-urgent order, and the holding costs do not increase much.  

Critical level – Implementing the critical level improves the OFR of both orderreason 1 and 2.A. However, 

the holding costs increase more than expected, and the OFR of orderreason 2.B decreases much. The OTD 

on the other side stays the same. 

 

To conclude, this research shows that the service department has less influence on the on-time delivery. 

While the on-time delivery is on average 72,23% at the create delivery date, the delay due to an intervention 

of an order, which can be influenced by the service department only causes a delay in 2 percent of all orders. 

Therefore, to increase the on-time delivery the service department can only tackle this problem by 

collaborating with both the supply chain department and the warehouse. All departments should work 

towards a common goal. The service department, supply chain department and the warehouse should 

collaborate and set up KPIs and targets that they can achieve together. Moreover, the service department 

can contribute in achieving a higher on-time delivery by focusing on the optimization of the fill-rates.   
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9.2. Limitations and further research 

9.2.1. Combined stock 
Marel Poultry has a combined stock for assembly and service, SKUs on stock are not assigned to assembly 

nor to service. This leads to two limitations. First, it is hard to determine the exact stock on hand for the 

service department. Therefore, we estimated this stock based on the replenishment parameters of the SKU. 

Second, in practice, it occurs that an order is delayed due to an intervening urgent order of assembly. This 

occurrence is not included in this research because no information about the frequency of intervention is 

known.  

9.2.2. Orderreasons 
The orderreason categorization is implemented at 1 January 2018. Due to this, only one year of historical 

data could be used as input for our analysis. Moreover, the data possibly consists of multiple orders that are 

allocated to the wrong orderreason because allocating an orderreason was completely new to the SPCs. 

9.2.3. Complete and partial deliveries 
We assume that if more than 85 percent of all order-lines can be delivered immediately from stock when 

one order-line has a material availability date in the future, the order is delivered partially. However, in 

reality the decision if an order is delivered partially or not depends on the preferences of the customer and 

the decision making of the SPC. No rules are set up for the SPC if an order should be delivered partially or 

not.  

9.2.4. Rescheduling 
In the simulation, no restrictions are set to the number of times an order can be rescheduled. As a result, it 

might happen that an order is rescheduled more than once, while in reality an urgent order might have no 

priority to an order that is already rescheduled. If an order is rescheduled in reality depends on the SPC that 

handles the order and the consequences if this order is again rescheduled, e.g. scheduled engineer to 

maintain the machine. 

9.2.5. SKUs of 2018 
This research includes only SKUs that are demanded in 2018. Therefore, the included dataset does not 

cover all SKUs in the assortment of Marel Poultry. However, the most frequently demanded SKUs are 

included in this research. As a result, the holding costs calculated in Section 8.2.1 are a bit lower than the 

real holding costs  

9.2.6. Advanced demand information 
Due to the preventive maintenance schedules, the service department has much information about the 

demand of orderreason 4 available before this demand arrives. However, the demand forecast is only based 

on the historical sales of the previous months. Further research should be conducted about how this advance 

demand information can benefit the forecast and the inventory control.  

9.2.7. Criticality level 
In this research, we included a critical level for all SKUs that was equal to the safety stock. However, 

multiple SKUs in the assortment are not demanded in an urgent order. As a result, stock is unnecessarily 

reserved for urgent orders, leading to higher inventory costs and longer lead-times for less-urgent orders. 

Next to that, the criticality level is set equal to the safety stock, which might not be the optimal level. To 

optimize this priority rule, further research should be conducted to optimize the criticality level per SKU. 

This can also be equal to zero when an SKU is never demanded in an urgent order.  
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9.2.8. Dividing orderreason 2 
Little information could be found about the urgency of an order in the historical data. Therefore, the division 

of orderreason 2 could only be based on the order size. However, more elements determine if an order is 

urgent or not. Therefore, further research should be conducted about what elements are important in 

determining the urgency of an order.  

9.3. Recommendations 
In this section in Section 9.3.1, 9.3.2, and 9.3.3, three main recommendations are explained. Thereafter, in 

section 9.3.4 some small recommendations are summarized. 

9.3.1. Set KPIs with targets to goals. 
As is concluded in Section 8.1, the service department has multiple expectations of the delivery 

performances. However these expectations are not clear and to the point. Moreover, before this research 

the service department had no overview of the actual measures of the delivery performances. Therefore, we 

recommend the service department to define targets for the KPIs in Table 22. Because these KPIs also relate 

to the supply chain department and the warehouse, the service department should collaborate with these 

departments to set these targets.  

Table 22 - Important key performance indicators 

Key performance indicator Abbreviation 

Fill-rate 𝜷 

Order-line fill-rate (line item fill-rate) LIFR 

Order fill-rate OFR 

On-time delivery OTD 

On-time delivery at the create delivery date  

Order-line level 

OTD-CDD (order-line)  

~ TOP measurement supply chain 

On-time delivery at the create delivery date - Order level OTD-CDD (order) 

On-time delivery at the warehouse finish date - Order level OTD-WFD 

On-time delivery at the realized finish date- Order level OTD-RFD 

 

All KPIs of the on-time delivery should be measured monthly because these measurements give the service 

department insights in which activity in the customer lead-time causes the largest delay. Next, these 

measurements should be discussed with the total service department to create an understanding of the 

importance of each individual order. In addition to that, the service department can use these measurements 

to better explain its desires and goals to the other departments, focusing mainly on the supply chain 

department. Moreover, if attention is given to the KPIs and its achievement, employees become more aware 

of its contribution in the delivery performance.  

9.3.2. Division of orderreason 2 
We recommend to divide orderreason 2 in urgent orders and less-urgent orders. In this way, KPIs can be 

set more specific, resulting in a higher accomplishement of the KPI targets per orderreason. In this 

research the division of orderreason 2 is only based on the size of an order. However, further research 

should be conducted about the best way to divide orderreason 2. 

We recommend the service department to set up a requirements list that provides a better decision making 

in the urgency of an order to divide orderreason 2. Currently, the SPCs and planners are mainly concerned 

with solving exceptions instead of working on root-cause solutions of these exceptions. Therefore, the 

service department and the supply chain department should work together to set up this requirement list. 

The service department has more information about the desires of the customer, while the supply chain 
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department has more information about all possibilities with the suppliers. Combining this knowledge the 

best requirement list to define an order as urgent can be set.  

9.3.3. Critical level 
Results have shown that implementing a critical level can lead to increase in the OFR. Because in this 

research a critical level is set to every SKU, even to SKUs that are almost never demanded by an urgent 

order, the inventory costs increase much. Therefore, we recommend the service department to investigate 

the optimal critical level for every SKU that is demanded by urgent orders and less-urgent orders. If an 

SKU is hardly demanded by an urgent order, the optimal critical level should set equal to zero to diminish 

the increase in the inventory costs. Furthermore, in the simulation the we distinguished only urgent and 

less-urgent orders. However, orderreason 2.B has an urgency level in between the urgent orders and the 

less-ugent orders. Therefore, we recommend to include three urgency levels in the prioritization. 

- Urgent orders: Orderreason 1 and orderreason 2.A.  Prioritized and can deliver from safety stock.  

- Neutral orders: Orderreason 2.B.  Not prioritized and can deliver from safety stock. 

- Less-urgent orders: Orderreason 3,4,5  Not prioritized and can not deliver from safety stock.  

9.3.4. Small recommendations 
This section includes multiple small recommendations that provide achieving the goals of the delivery 

performances.  

Number of order-lines per order. 
The results of Section 5.2.2 has shown that the on-time delivery on order level strongly depends on the 

number of order-lines per order. Despite the fact that orderreason 4 has the highest on-time delivery on 

order-line level, it has only an on-time delivery of 54% on order level. The service department can easily 

improve the on-time delivery on order level by reducing the number of order-lines per order. In other words, 

the service department should allow more partial deliveries. This recommendation is also supported by the 

high lead-times of the simulation of Section 7.4 because this simulation only included complete deliveries.  

Root-causes meeting 
The service department and the supply chain department both strive towards a higher on-time delivery at 

the creating the delivery. However, during my graduation project I experienced that both the service 

department and the supply chain department only view this problem from their own perspectives. Often 

both departments are busy solving problems instead of preventing problems. Therefore, we recommend the 

service and supply chain to have a monthly meeting of all problems that have arisen in that month an how 

they have solved and how they can prevent this cause from occurring again. Next, in this meeting the service 

department and supply chain department should make feasible agreements about the targets of the defined 

KPIs.  

Fill-rates 
In section 5.2.1 we have explained that the targeted fill-rates in SLIM4 for each SKU are not in line with 

the goals of the service department. Despite the fact that the service department strives to deliver all B-

coded parts from stock, the average fill-rate allocated to an order-line with a B-coded part is lower than 

the average fill-rate allocated to an order-line of less-urgent orders. Therefore, the allocation of the 

targeted fill-rates in SLIM4 should be evaluated based on the frequency, criticality and costs of an SKU.   

Waiting time 
The confirmed delivery date is only based on the procurement and manufacturing time, and the picking and 

packing time. However, all orderreasons contain also a time between the warehouse finish date and the 

realized finish date. Often the order waits for shipment or some documents needs to be prepared before the 

order can be shipped. I recommend the service department to do further research to the origin of this time. 

If this time cannot be diminished the service department should also include some slack time after the 

warehouse should be finished before the order is sent. 
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Appendix A – ATP check 

SPC
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system
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available?

Yes

SPC
Ask missing 
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particular 

department/ 
customer

No

Did the 
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Insert request 

delivery date in 
system

Yes

SPC
Decide a feasible 
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date (mostly ASAP)

No
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All parts are 
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SAP
Show confirmation 

requested date
Yes

SAP
Show which parts 
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No
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Base new requested 
date on availability 

date

yes
Is availability 
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acceptable?

SPC
Send DTR to planner

No

Planner 
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availability date to 
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SPC
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date of (partial) 
order

SPC
Receive missing 
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Is partial 
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possible?

SPC
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available and not 

available parts

Yes

No

Is part available?

SPC
Group available 
parts into partial 

order

Yes

No

SPC 
Check earliest 

availability date

SPC
Send confirmation 
date to customer

 
 Figure 17 - SPC decision path ATP-check 
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Appendix B – summary interviews SPC and planners 
Semi-structured interview with the spare parts coordinators. 

The following outcomes are the main results of the five interviews with a spare part coordinator. The 

questions in this interview are related to the quotation, order processing, response time, priority of the 

orders, order reasons, delay moments and procedures, and comments.  

1. Quotation 

- Often before the order confirmation the SPC sends the customer a quotation confirmation in which also 

a delivery date is set. A quotation confirmation is more or less the same as an order confirmation. The 

SPC performs an ATP-check in SAP and checks when all parts are available. This date is informed to 

the customer. In contrast to the order confirmation, the SPC does not send a DTR to the planner if the 

customer lead-time is too long.  

 

2. Order processing 

- Most orders are sent as soon as possible; most of the time the SPC request the next day in the ATP-

check in SAP. Also for the preventive orders, the most SPC request the next day in SAP, however, 

some SPCs plan the preventive orders in the future based on the moment of the maintenance or 

overhaul.  

- If the SPC does not agree with the material availability date given by SAP it sends a DTR. Most SPCs 

send a DTR if the customer lead-time is more than 6-8 weeks.  

- Full delivery/partial delivery  this depends per SPC . While some explain that they always ask the 

customer if they accept a partial delivery, some explain that they know their customers and thus know 

if they accept a partial delivery or not. Others explain that they deliver always in full unless the customer 

requests a partial delivery.  

- If a quotation is converted into an order, the SPC performs again an ATP check, the customer lead-time 

is determined again. Despite the fact that the customer already accepted the customer lead-time of the 

quotation, which is often longer. If the order can be delivered more in advance, the SPC should always 

change the customer lead-time in the order confirmation 

 

 

3. Response time 

- If all information is available, all SPCs send a response (quotation/order confirmation) within one day 

to the customer. Sometimes because of part-time workers, this time is two days. If not all information 

is available, it could take longer. Departments that should provide information if unavailable: 

o Pricing 

o Purchasing 

o Supply chain 

o I&U (“In en Uit”; responsible for shipment of order) 

o Technical department 

 

 

4. Priority of the orders 

- Orders are delivered according to the first comes first served principle, however in practice if an order 

is very urgent after communication this order gets priority to other orders.  

- Orders and quotations have priority over complaints or return shipments, which are exceptional. 
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5. Order reason 

- Most of the time SPC determine the order reason based on what the customer asks. They do not ask the 

customer. If the customer explains it is urgent, than order reason 1. Next, if the customer gives no 

reason, then the SPC assigns it to order reason 2.  

-  

 

6. Delay moments and procedures 

- If a delay occurs in the delivery time, the SPCs work differently. This is mainly because they help other 

countries. If a part is one day late with a long transport, the SPC will wait some days before it takes 

action. If it is a part of the Netherlands, the SPC will react earlier by sending a DTR or calling the 

planner.  A DTR is send earlier when the order should be send to the EU than outside the EU.  

 

7. Comments 

- Every SPC explains that planners take a long time to respond to a DTR. 

- Every SPC explains that often the output of SAP about the lead-times is not correct. 

- Work methods differ because SPCs serve other regions.  
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Appendix C – Delivery Time Request (DTR) 
 

A delivery time request is a communication tool between the spare parts coordinator (SPC) and the supply 

chain planner. The SPC uses this tool to ask clarification about a manco at delivery or to request a better 

delivery date. In this appendix, all steps for both the SPC and the supply chain planner relating to the DTR 

are explained. 

1. Input from spare parts coordinators 
The SPC can have four different motives to send a DTR. Table 23 shows for each motive an overview of 

the possible reasons for the DTR and the activities for the SPC and the planner. 

Table 23 - possible reasons for a DTR 

Request type 

(motive) 

Possible reason SPC Planner 

Urgent Request - Break downs 

- Engineer is on site and needs to finish 

his job 

- Unable to start-up according contract 

agreements 

- Safety issues 

- High impact on additional costs 

Fill in the Delivery 

Time Request AND 

call the planner 

Reaction within 8 

working hours.  

Better date (ATP) - Customer request 

- The job is already planned 

- L/C is involved (or other reason 

restricting delivery time) 

Fill in Delivery Time 

Request 

Reaction within 

maximum 2 working 

days. 

Unrealistic Date - Date seems unrealistic (standard bolt 

4 weeks delivery time) 

- Lead-time standard too far out into 

the future (>8 weeks) 

Fill in the Delivery 

Time Request 

Reaction within 

maximum 2 working 

days. 

Manco at Delivery - Unexpected part is not on stock when 

delivery is created 

Fill in the Delivery 

Time Request 

Reaction within 

maximum 2 working 

days. 

 

Moreover, the SPC fills out the DTR form of Figure 18 in and enters its motive to send the DTR, the ATP 

date given by SAP, and the requested date. Moreover, the SPC includes a comment why the order should 

be delivered earlier.   
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Figure 18 - DTR – form; input SPC 

 

2. Output to supply chain planner 
Figure 19 shows the output of the DTR-form entered by the SPC. Moreover, the planner receives an e-mail 

containing all information of the DTR-form; Figure 20 shows an example. 

 

Figure 19- DTR-form; output supply chain planner 
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Figure 20 - Example e-mail output supply chain planner 

 

3.  Input from supply chain planner 
The supply chain planner will examine if the requested date by the SPC is feasible. Thereafter, the planner 

sends the SPC when the SPC can deliver the spare part, see Figure 21. Moreover, only when the new date 

is not equal to the requested date, the planner should explain in the comments what it has done to reach that 

date.  

Figure 21 – replied DTR- form; input supply chain planner. 

4. Output to spare parts coordinator 
Figure 22 and Figure 23 show how the SPC receives the answer of the planner. The SPC receives both a 

filled in DTR form and an e-mail with all required information. However, if the SPC does not agree with 

the feedback of the planner, it can send an e-mail to the supply chain manager to start an escalation process. 
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In the escalation process, the supply chain manager and the service manager try to come to an agreement 

about the delivery date. However, the escalation process is exceptionally.  

 

Figure 22 - replied DTR- form; output SPC 

 

Figure 23 - Example e-mail output SPC 
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Appendix D - data of all lead-times 
The average lead-times are based on the data of all order-lines. This means that if an order consists of five 

order-lines, the lead-time of that order is included five times in calculating the average of the lead-time. 

This choice is made because the order size of the orders do not differ that much per order reason, in contrast 

when the average lead-time of all orders of all order reasons should be calculated. Therefore, the differences 

of the order sizes have no significant effect on the outcomes of the average lead-times.  

To calculate the average customer lead-time of each individual order reason, at first the outliers should be 

removed from the data set. Moreover, at first the average and the standard deviation of every lead-time is 

calculated. Thereafter, if the customer lead − time > μ + 3σ, the order-line is identified as an outlier, and 

deleted from the data set. Without these outliers, the outcomes of the lead-times are as shown by Table 24. 

Table 24 - average lead-times 

 

Order 

reason 1 

Order reason 

2 

Order reason 

3 

Order reason 

4 

Order reason 

5 

1. material availability date 2,33 days 9,45 days 21,88 days 21,4 days 20,53 days 

2. confirmed delivery date 2,53 days 11,15 days 25,36 days 24,69 days 23,75 days 

3. create delivery date 2,28 days 10,46 days 27,38 days 22,66 days 23,39 days 

4. warehouse finished date 2,65 days 12,59 days 31,49 days 27,52 days 26,57 days 

5. realized finish date 2,92 days 13,40 days 34,25 days 30,81 days 30,24 days 
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Appendix E – Example orders data availability 
This appendix shows how the historical data is build up, and what dates are available.  

To create an understanding of how these performance measures are calculated with the available data, Table 

25 and Table 27 show both an example of a delayed order with its associated data.  

Table 25 - Example 1 - Order 2794612 - to Sri Lanka - order reason 2 (reactive) 

Material 

number 

Qua

ntit

y 

Order entry 

date 

Mat avail. 

Date 

Created on 

(delivery 

item) 

Order due 

date 

Warehouse 

finish date 

Realized 

finish date 

 

Remark 

9591510 2 6-9-2018 18-10-2018 25-10-2018 19-10-2018 26-10-2018 29-10-2018  

959152 2 6-9-2018 18-10-2018 25-10-2018 19-10-2018 26-10-2018 29-10-2018  

262005 1 6-9-2018 18-10-2018 25-10-2018 19-10-2018 26-10-2018 29-10-2018  

624845 1 6-9-2018 18-10-2018 25-10-2018 19-10-2018 26-10-2018 29-10-2018  

521679 1 6-9-2018 18-10-2018 25-10-2018 19-10-2018 26-10-2018 29-10-2018  

***2  6-9-2018 18-10-2018 25-10-2018 19-10-2018 26-10-2018 29-10-2018  

584684 1 6-9-2018 18-10-2018 25-10-2018 19-10-2018 26-10-2018 29-10-2018  

595110 1 6-9-2018 18-10-2018 11-12-2018 19-10-2018 13-12-2018 13-12-2018 Manco  

 

Table 25 shows an order with order reason 2 (reactive), with destination Sri Lanka. Due to the large distance 

between Sri Lanka and the Netherlands, the order should be sent in full.  

This order is a typical example of a delayed order. All order-lines are created on the same day, at 6-9-2018, 

and all order-lines have the same material availability date, 18-10-2018. Despite the goal of shipping all 

order-lines together, the order-line with material number 595110 is eventually shipped separately because 

it was much delayed. However, the remaining order-lines are also delivered late; while the delivery should 

be created on 18-10-2018, the actual create delivery date was 25-10-2018. Moreover, warehouse finished 

the order within the required time, one day, on 26-10-2018. In addition, this order could not be shipped the 

same day, and therefore it is shipped the next work day, which was 29-10-2018.  

Table 26 - outcomes delivery performance - Example 1 - Order 2794612 

Material 

number 

Confirmed 

lead-time 

Fill-

rate 

OTD-CDD 

+ days delayed 

OTD – WFD 

+ delayed days 

OTD- RFD 

+ delayed days 

LT- 

WFD 

LT- 

RFD 

All order-

lines 

30 days 0 0 – 5 days   0 – 5 days  0 – 6 days  35 days 36 days 

595110 30 days 0 0 – 38 days 0 – 39 days 0 – 39 days  69 days 69 days 

 

The cause of the delay of 5 days of the majority of the order-lines is not known. It could be that only one 

order-line of the majority had a delay of 5 days and that all other order-lines were on-time, or even available 

                                                      
2 Represent nine order-lines with the same data as the order-lines above.  
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at the order entry date. This confirms the fact that the fill rate and on-time delivery can only be calculated 

per order and not per order-line.  

Table 27 - Example 2 - Order 279237 – to Thailand, Bangkok – order reason 2 (reactive) 

Material 

number 

Qua

ntit

y 

Order entry 

date 

Mat avail. 

Date 

Created on 

(delivery 

item) 

Order due 

date 

Warehouse 

finish date 

Realized 

finish date 

 

Remark 

3924316 150 31-8-2018 3-9-2018 3-9-2018 4-9-2018 12-10-2018 13-11-2018  

3933784 150 31-8-2018 3-9-2018 3-9-2018 4-9-2018 12-10-2018 13-11-2018  

393434 2 31-8-2018 3-9-2018 3-9-2018 4-9-2018 12-10-2018 13-11-2018  

3954120 150 31-8-2018 3-9-2018 3-9-2018 4-9-2018 12-10-2018 13-11-2018  

3859255 128 31-8-2018 3-9-2018 5-11-2018 19-10-2018 12-11-2018 13-11-2018  

3859210 59 31-8-2018 3-9-2018 5-11-2018 19-10-2018 12-11-2018 13-11-2018  

3859255 22 31-8-2018 3-9-2018 8-11-2018 19-10-2018 9-11-2018 13-11-2018 Manco  

3859210 91 31-8-2018 3-9-2018 12-11-2018 19-10-2018 13-11-2018 13-11-2018 Manco  

3984854 8 31-8-2018 3-9-2018 25-10-2018 26-10-2018 29-10-2018 13-11-2018  

 

Table 27 shows an order with order reason 2 (reactive), with destination Thailand. This order should also 

be sent in full due to the large distance. In contrast to Example 1, which was typical, this order is an example 

of an order for which the SPC did not follow the rules. Despite the fact that the order is delivered in full, 

Table 8 shows that the delivery is created on five different days. This creates now insights in which order-

line was delivered late; however, this can create chaos in the warehouse or in the storage before shipping.   

This order consists of seven different SKUs and nine order lines. The order is entered in SAP at 31-8-2018. 

After the ATP-check the SPC confirmed the order delivery date at 4-9-2018, determined by the material 

availability date that was 3-9-2018 and the warehouse picking and packing time, which is one day for a 

reactive order. All parts of the first four order-lines are available at the material availability date. However, 

for the remaining five order-lines the material availability date could not be achieved, resulting in a shift 

from the order due date. Despite this shift, the delivery is still created later than the order due date, resulting 

in a delay. The last part arrives at 12-11-2018, after which the total order can be sent to the customer at 13-

11-2018.  

Despite the fact that the order had to be delivered in full, the SPC created separated deliveries by splitting 

the order; therefore, in the data of this order is clearly visible which order-line has caused the delay. Note 

that this way of working is not standard, normally if an order should be delivered in full the delivery is only 

created if all parts are available; if one order-line is delivered late, all order-lines are delivered late. Next, 

this example shows that if the total order quantity of the SKU cannot be delivered in full, for one SKU 

multiple order-lines can be used. Moreover, the demanded quantity for both material 3859255 and 3859210 

is 150; at 5-11-2018 only 128 and 59 parts are available for material 3859255 and 3859210 respectively, 

the remaining parts are delivered on 8-11-2018 and 12-11-2018.  

In addition, it is hard to determine the fill-rate by the use of the historical data. If an order entry at the end 

of the day, the material availability date is the next day if it can be delivered from stock. Therefore, also the 

orders for which the material availability date is the day after the order entry date are assumed to be 

delivered from stock. Assuming a complete delivery, the material availability date of an order is equal to 



75 

 

the material availability date of the last available order-line. Only the material availability date of the order 

can be found in historical data; in other words, the specific material availability date per order line is not 

known. Therefore, only the OFR can be calculated with the available data. Table 28 shows the OFR of 2018 

per orderreason. However, this OFR is much lower than the real OFR because of multiple other causes that 

are included in this calculation of the OFR.  

Table 28 - order fill-rate, 2018 

Order reason  OFR  

1 (Line down/Emergency (Customer Down)) 19,92 

2 (Reactive (Break-Fix/Stock replenishment)) 20,18 

3 (Recommended Parts Packages (Start-Up)) 8,16 

4 (Preventive/Overhaul) 3,47 

5 (Upgrade/Modification) 8,33 

Total demand 18,81 
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Table 29 - outcomes delivery performance - Example 2 - Order 279237 

Material 

number 

Confirmed 

lead-time 

Fill-

rate 

OTD-CDD 

+ days delayed 

OTD – WFD 

+ delayed days 

OTD- RFD 

+ delayed days 

LT- 

WFD 

LT- RFD 

3924316- 

3954120 

2 days 0 1 0 – 28 days 0 – 50 days 30 days 52 days 

3859255 

+ 

3859210 

46 days 0 0 – 45 days 0 – 16 days 0 – 17 days 51 days 52 days 

3859255 49 days 0 0 – 48 days 0 – 15 days 0 – 17 days 50 days 52 days 

3859210 51 days 0 0 – 50 days 0 – 17 days 0 – 17 days 52 days 52 days 

3984854 39 days 0 0 – 38 days 0 – 1 day 0 – 12 days 41 days 52  
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Appendix F – On-time delivery per order. 
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Appendix G – average order size per order reason. 
 

 

Figure 25- Total of order-lines per order 

  

0.00

10.00

20.00

30.00

40.00

50.00

60.00

N
u

m
b

er
 o

f 
o

rd
er

-l
in

es
 p

er
 o

rd
er

Number of order-lines per order

01 (Linedown/Emergency
(Customer Down))

02 (Reactive (Break-Fix/stock
replenishment))

03 (Recommended Parts Packages
(Start-Up))

04 (Preventive/Overhaul)

05 (Upgrade/Modification)

Total demand



79 

 

Appendix H – Manco list 
Goal of the manco list: to diminish the manco’s by displaying all potential manco’s and to track the caues 

of a delay.  

The manco list is a list which displays all manco’s and potential manco’s. A manco is a part that is 

unavailable at the moment the SPC should create the delivery; in other words, the part is not on stock at the 

material availability date. In contrast, a potential manco is a part that is expected to be unavailable at the 

moment the SPC should create the delivery. The difference is that when a manco occurs, the order is already 

delayed, while a potential manco can still be prevented from a delay. 

All order-lines for which the expected delivery date exceeds the material availability date are on the manco 

list. The manco list has two functions (i) tracking all order-lines that are delivered late, (ii) responding to 

potential mancos. 

One of the main problems about finding the root-causes of a delay is that when the order is created, all 

information about which order-line was delayed and why it was delayed disappears. The manco list is a 

collection of all order-lines which are delivered late. In other words, the manco list provides historical data 

of the delayed order-lines. This can be meaningful information when finding the root-causes of a delay. 

Moreover, the planner should add why an order-line was delayed; however, this is only filled in 

sporadically. Therefore, now not much information can be gathered from the manco list about the root-

cause of each specific delayed order-line.  

Next, the manco list is set up to respond to potential mancos to prevent them from becoming manco at 

delivery. The list should be a communication tool between the supply chain department and the service 

department. The SPC has an overview of all parts that are potentially delivered late. If this delay causes 

problems with the customer, the SPC can send a DTR (see Appendix C) to ask for a better date, can leave 

a remark in the list in which they ask why the delivery delayed or what the earliest date of delivery can be, 

or the SPC can call the SPC if the order is urgent. 
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Appendix I – Ishikawa diagram root-causes delivery creation  
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Appendix J – Root-cause analysis delay delivery creation 
CAUSE OF THE DELAY :  SHORTAGE, i.e. MANCO 

Why? Why? Why? When is information 

available about the 

delay? 

External 

or Internal 

cause 

Responsible 

Department 

Remark Relating Method - Procedures 

1. 

Differences SAP- lead-
time and actual lead-
time. 

- 

Incorrect set lead-times 
in SAP 

Supply chain 

should have 

updated the lead-
time.  

Increasing 
workload 

Actually before setting 

the confirmed delivery 

date – at least before the 
material availability date. 

Internal Supply chain Short-term: Increases workload;  

Long-term: By preventing future 
delays, it decreases workload. 

 

Undefined who 
should complete 
the task.  

 Define who should complete this task 
and how many times the lead-times 
should be updated. 

Supplier 
permanently 

changed its lead-
time 

Scarcity due to 
economic growth 

Before the material 
availability date, i.e. 
during procurement. 

External Supplier  

Increasing 

demand – capacity 
constraints. 

2. 

Differences SAP- lead-

time and actual lead-
time. 

- 

Actual lead-time 
unexpected differently 

Supplier 

incrementally 

changed its lead-
time. 

High demand – 

capacity 
constraints 

- Before the material 

availability date, i.e. 
during procurement.  

- At the material 

availability date, i.e. 

when the order is already 
delayed.  

External 

and Internal 

Supplier and 

Supply chain 

Internal responsibility when supplier 

often causes a delivery delay.  

Supply chain – Evaluating supply lead-

time reliability and sourcing supplier 

Supplier has 
problems with 
their  supplier 

Just in time (JIT) ordering principle is 
used to reduce inventory costs, resulting 
in higher lead-time variability. 

Machine break-
down. 

3.  

Differences SAP- lead-
time and actual lead-

time. 

- 

Incorrect standard 
lead-times. 

Estimated lead-
time 

No material 

number or supplier 

is assigned to the 
part because spare 

part is not included 
in the assortment. 

Before the material 

availability date, i.e. 
during procurement. 

External 

and 
Internal. 

Supply chain External cause because including all 

parts in the assortment is very costly; 

and lead-time is never estimated 
perfectly.  

Assortment management. 

Sourcing supplier 

takes more time 
than expected. 

Methods to source supplier 



82 

 

 
CAUSE OF THE DELAY :  SHORTAGE, i.e. MANCO 

Why? Why? When is the delay 

known? 

External 

or Internal 

Responsible 

Department 

Remark Relating Method - Procedures 

4.  

Count difference 

Carelessness of checking in the parts At the material 

availability date, i.e. 
when the order is already 
delayed. 

Internal Warehouse 

and Service 
department 

The service department could 

balance the orders to diminish the 
peaks for warehouse.  

Periodic inspection to update SAP – 
parameters.  

However, it must include costs and 
workload in its consideration. 

Not registered failed parts. 

5.  

Delay in checking in 
parts 

High workload  Capacity planning 

6. 

Intervening order 

Line-down order has priority 

 

At the material 
availability date, i.e. 

when the order is already 
delayed. 

External 
and Internal 

Service 
department 

Priority is often used in practice but 
not in theory.  

 

External cause because of demand 
uncertainty. 

Set regulations about handling orders 
according to priority. 

 
No priority in order handling.  

Delivery creation before material 
availability date 

Internal Service 

department and 
Warehouse 

Is possible if SPC checks if the early 

order creation is not intervening any 
other order. 

 

7. 

Customer change in 
order 

Lead-time extra part exceeds the 
customer lead-time. 

Before the material 

availability date, i.e. 
during procurement. 

External 
and Internal 

Service 
department 

Customer probably accepts the delay 
because it changed the order itself.  

Evaluate if adjustment in order should be 
accepted or that it should be a new order. 

CAUSE OF THE DELAY :  ORDER BLOCK 

Why? Why? When is the delay 

known? 

External 

or Internal 

Responsible 

Department 

Remark Relating Method - Procedures 

1. 

Order incomplete 

Customer did not delivered all 

information needed to complete the 
order, e.g. addresses, names, material 
specifications/quantities. 

At the material 

availability date, i.e. 
when the order is already 
delayed. 

External Customer This delay should not be taken into account while calculating the on-time 

delivery. If Marel could have sent the parts at the material availability date when 
there was no order block, the order should be registered as on time instead of as 
delayed. 

2. 

Financial block 

Customer did not pay while needs to pay 
in advance 
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Appendix K – Explanation of the external root-causes. 
 

Delay due to an order block   
The first cause of an order block is missing information to complete the order; the SPC needs to gather this 

information from the customer, e.g. addresses, names, material specifications/quantities. Until this 

information is available, the order cannot be created. The second cause is financially related; some 

customers must pay in advance. If they do not complete their payments before the material availability date, 

the delivery is not created, leading to a delay.  

Delay due to a shortage 
Both SPCs and planners rely on SAP and base their decisions on it. However, the output from SAP often 

does not match with the actual lead-time. This discrepancy arises because of (i) erroneous standard or set 

lead-times in SAP or because (ii) the supplier can no longer deliver according to the agreed lead-time. 

Moreover, standard lead-times are set for all parts that are not included in the assortment, which means that 

no material number or supplier is assigned to this part. The lead-time of a part that is not included in the 

assortment is generally longer and more unpredictable, resulting in much uncertainty and inequality of the 

SAP lead-time and the actual lead-time.  

The supply chain department could prevent this delay by including all parts in the assortment; 

however, the costs of including all parts may be higher than the costs of a delivery delay of one 

part.   

Next, because of low capacity or scarcity in the market, the supplier cannot deliver according to the agreed 

lead-time. The supplier informs Marel Poultry about the changed delivery times in the order confirmation; 

however, at this moment, the confirmed delivery date was already set and agreed with the customer. As a 

result, a delay occurs, the customer should be informed about the delivery delay, and often the delivery date 

will be adjusted in SAP.  

The supply chain department could prevent future delays by updating the lead-times in SAP when 

the supplier changes its lead-times permanently. If the delay information from the supplier is not 

available in advance of setting the confirmed delivery date, the responsibility of the delay will be 

external; the supplier will be responsible. 

On the other hand, unexpected shortages also occur; in other words, the delay is only known the moment it 

occurs. Moreover, despite the fact that the supplier has confirmed a delivery date equally to the lead-times 

in SAP, a delivery delay can result because of unexpected occurrences in the lead-time of the supplier; e.g. 

machine failure, supplier delay, and unexpected under capacity.  

This delay is due to external uncertainties; the supplier does not deliver according to the agreements 

with the supply chain. Hence, if the supplier has a low delivery performance for a long time, the 

supply chain department should evaluate sourcing another supplier or not (Weele, 2010).   

Note that the lead-time inequalities often immediately result in a delay because the supply chain department 

handles their orders according to the just in time strategy to reduce the holding costs as much as possible.  

In addition to the lead-time inequalities, a delay due to a shortage can also be caused by decisions and 

regulations in the warehouse. A total order can be delayed because of one disapproved part; i.e. the quality 

of the part is insufficient. Hence, the decision is made not to have quality control at the arrival of parts in 

the warehouse. Because of this decision, poor quality is detected late in the process, leading to an unforeseen 

shortage. Next, sometimes a count difference occurs, which means that the actual stock does not match with 

the stock registered in SAP. For example, this can be a result of the carelessness of checking in the parts, 

or because of a failure of parts, which is not registered. The warehouse should keep this difference as low 

as possible, for example by conducting a periodic inspection of the stock values. However, these inspections 
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include costs and increasing workload, which should also be taken into account when deciding the number 

of inspections. In addition, the workload is critical; it also relates to a delay in checking in the parts. If the 

warehouse does not check in the parts, the SPC cannot create the delivery. 

Despite the fact that these causes are exceptional and demand dependent. The warehouse is 

responsible for setting its procedures and capacity planning in order to anticipate on the 

uncertainties. In addition, the warehouse should weigh up the costs and benefits. Moreover, the 

demand in the warehouse is partly dependent on the order handling procedures of the service 

department. By balancing the orders, the SPCs diminish the peaks for warehouse.  

 

Last, the warehouse sometimes asks the service department to create some deliveries earlier than the 

material availability date. The SPCs should pay much attention when they do this since inventories are not 

assigned to an order. As a result, the possibility arises that if a delivery is created earlier, some parts are 

hijacked form another order. 

 


