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Abstract  

In this thesis, the implementation of supply chain segmentation at P&G is investigated. First, a 

business-driven segmentation framework is developed for segmenting the product portfolio at P&G 

into six segments (SPACED), and validated by applying it to all product categories. This segmentation 

framework uses information about the demand volume, demand volatility, strategic importance of 

the product, and product profitability to partition the product portfolio into segments. Second, the 

effectiveness of differentiated operational strategies for the segments is investigated by performing 

a case study on the supply chain of laundry liquids. The effects of different supply chain settings in 

production sequencing, production frequency, production batch size and safety stock settings in the 

model are investigated using a simulation study. This case study showed that substantial benefits in 

the supply chain can be adapting the production frequency per segment. This increases the sales due 

to an increased service level, reduces inventory costs, and reduces the production costs, because less 

production changeovers are required. Third, it was investigated whether segmenting the portfolio 

solely based on supply chain parameters of volume, volatility, forecasting accuracy and lead time 

would improve supply chain performance more than using business-driven parameters for 

segmentation. However, the results on supply chain benefits of the supply-driven frameworks are 

similar to the business-drive framework, while the supply-driven framework is inadequate in 

reflecting the business requirements in segmentation. Therefore, the business-driven framework is 

concluded to be the most appropriate for P&G to implement. A change plan of how the 

implementation of this segmentation process could be done is provided. 



 

III 
 

 

Executive summary 

Problem statement 
In the FMCG industry, the trend of upcoming e-commerce and increased price transparency put 

pressure on the margins of retailers and manufacturers. In this already competitive industry that is 

driven by customer requirements, P&G aims to be more customer-centric by focusing on the right 

products and customers, to improve their competitive position. A supply chain synchronization 

project is undertaken to transform the supply chain such that it is fully synchronized to customer 

requirements. Supply chain segmentation is a component of this synchronization project, and 

consists of partitioning the product portfolio into segments, and applying different supply chain 

strategies for the different segments, because ‘one size does not fit all’. The objective of the 

segmentation project is to improve service levels (CFR), and reduce inventory and supply chain costs.  

P&G had attempted to implement segmentation, but found that the segmentation framework was not 

correctly capturing customer and business requirements. Furthermore, there was no consistent 

strategy to pursue differentiated operational strategies for the different segments, because it was 

unclear what the best strategy is, and the supply chain performance was behind the target. Finally, 

alignment between the different stakeholders in the company about the segmentation strategy was 

lacking. This leads to the following research questions that were researched in this thesis. 

How can P&G improve their supply chain performance by executing supply chain segmentation? 

1. How can the SKU portfolio of P&G be segmented such that it correctly reflects the customer 

requirements? 

2. How can P&G effectively implement segmentation in their operating strategies such that it 

improves supply chain performance? 

3. What are recommendations for implementing supply chain segmentation throughout the 

company? 

The scope of the research is to investigate the portfolio of the France-Belgium-Netherlands (FBNL) 

region, and focus on the internal P&G supply chain, leaving suppliers and customers out of scope. 

Segmentation framework 
Based on literature and discussion in P&G, a decision tree (shown in Figure A) was developed to use 

as a basis for the portfolio segmentation, replacing the old segmentation framework at P&G. The 

products should be segmented into one of six segments (SPACED). The Strategic/Priority/Agile (SPA) 

segments have a higher service requirement than the Core/Elementary/Discontinued (CED) 

segments. While the Regional Business Unit (RBU) has the final approval over the segmentation, the 

Selling Market Organization (SMO – in this thesis FBNL) should provide the main input. The 

segmentation process is driven by the supply chain department, but close cooperation with the sales 

department is required to include business requirements.  

The portfolio segmentation should be renewed twice a year to reflect commercial strategy changes. 

The decision tree incorporates information about the demand volume, demand volatility, strategic 

product information and product profitability to partition the products into the different segments. 

The decision tree denotes what kind of strategic information is required for the segmentation 

decision, and what the impact of segmentation is on the service level, to facilitate discussions with 

the sales department. There are several targets that the segmentation should satisfy. The most crucial 
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target is that not too much volume is segmented as SPA, because this would mean that almost all 

products are equally important, defeating the purpose of segmentation. If the situation arises that 

too much volume is in SPA, the segmentation should be reviewed with the sales department to move 

products from SPA to CED segments.  

 

Figure A: Proposed segmentation framework 

To validate the effectiveness of the framework, it was applied to all product categories. This 

developed segmentation framework improved the performance on segmentation KPIs, indicating 

that this framework performs better in terms of reflecting business requirements in segmentation. 

Commercially, it is a target to have all Power SKUs (SKUs that are very important in the commercial 

strategy) and a lot of the high profit SKUs in SPA segments. In Table A, it is seen that this new 

business-driven framework has improved performance on both of these commercial KPIs. In 

operational terms, it is a target to segment the whole product portfolio, to reduce the portfolio 

complexity in SPA segments, and to have around 67% of the volume in SPA segments. In Table A, an 

improvement on these operational KPIs is seen.  

Table A: KPI performance segmentation framework 

 France Benelux France Benelux Target 

 old new  

Commercial: Power SKUs in S/P/A 68% 68% 100% 100% 100% 

Commercial: Volume of high profit SKUs in S/P/A 75% 76% 77% 78% 80% 

Operational: SKUs segmented 92% 92% 100% 100% 100% 

Operational: SKUs in S/P/A (portfolio complexity) 42% 41% 36% 38% 33% 

Operational: Volume in S/P/A 73% 66% 71% 69% 67% 

 

Furthermore, the old segmentation framework led to very inconsistent results across all product 

categories. On average, some KPIs were close to target (e.g. volume of high profit SKUs in SPA, volume 

in SPA), but the individual categories were far from the target. The new framework achieves 

consistency across the product categories, meaning that all product categories are closer to the KPI 

target, indicating the effectiveness of the new business-driven segmentation framework.  

After validating the business-driven segmentation framework, several learnings were found to 

improve the quality of the input in the segmentation process. These learnings were implemented 
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such that they can be used in the new segmentation renewal cycle. Furthermore, it was investigated 

if supply-driven segmentation rules should be included in the segmentation framework, but it was 

found that this would increase misalignment between commercial strategies and the segmentation 

framework, without providing substantially more supply chain benefits.  

Segmentation in operating strategies 
In order to find effective differentiated operating strategies for the different segments, a case study 

was performed. This case study focused on the supply chain of laundry liquids, and included both the 

manufacturing plant and DC in the model, allowing for an analysis of both production and inventory 

strategies, and the interaction between those strategies. In the case study, the daily cycle of the supply 

chain was modeled. A simulation model was used to incorporate uncertainty of demand and 

production capacity in the simulation. Validation of the simulation model showed that the simulation 

model is a good representation of reality. 

Based on literature, four different types of supply chain interventions where suggested to improve 

supply chain performance. By changing the production sequence, production frequency, production 

batch size, and safety stock settings for the different segments, the supply chain performance should 

be improved. First for each type of intervention, several sub scenarios were analyzed to identify what 

the most beneficial intervention was in terms of increasing service and reducing inventory. This 

resulted in the following four supply chain interventions that were investigated. 

1. PP: Different production sequencing rules – producing SPA before CED 

2. PF: Different production frequencies – restricting SPA production to once every two days, no 

restriction for CED 

3. PB: Different production batch sizes – having a higher batch size for SPA than CED 

4. SS: Adapted safety stock settings – protecting higher service and uncertainty for SPA than CED 

 

Figure B: Benefits of supply chain interventions (scaled) 

The benefits (scaled for confidentiality reasons) of these different interventions, and all possible 

combinations of these interventions, are shown in Figure B. The benefits are calculated by summing 

the value of the sales increase, inventory cost savings and production cost savings. It is seen that 

adapting the production frequency such that CED products can be produced daily, and SPA products 

every other day, gives substantial benefits. With this intervention, the reorder level for SPA products 

makes it unnecessary to produce the SPA products two days in a row, because a longer production 

lead time can be covered by the inventory. However, the reorder level for CED products is lower, 

which requires the possibility to produce the products every day to ensure an adequate service level. 
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With this intervention, the overall CFR and SPA CFR increase, while the overall inventory and number 

of changeovers decrease, leading to a sales increase and cost savings.  

When also the production sequencing is adapted such that the SPA products are produced before 

CED products, and the batch size for SPA products is increased and for CED products is reduced, the 

benefits could increase by 17%. Nevertheless, this also increases the complexity of implementing the 

intervention, so it is recommended to start by implementing the adapted production frequency.  

To investigate whether including supply-driven segmentation rules in the segmentation framework 

would be beneficial, four supply-driven segmentation rules were used to segment the portfolio, using 

the following logic: 

1. Demand volume – highest volume products in Strategic segment 

2. Demand volatility – lowest volatility products in Strategic segment 

3. Forecasting accuracy – products with highest forecasting accuracy in Strategic segment 

4. Production frequency – products with highest production frequency in Strategic segment 

It was found that only the segmentation rules of using demand volatility and production frequency 

could provide higher benefits (at most 30% higher) than the business-driven framework. 

Nevertheless, using these segmentation rules increase the misalignment between the commercial 

strategy and the segmentation, so they are not appropriate to include in the framework at P&G. 

When varying the underlying assumptions about sales increase, inventory costs, and production 

costs, or when using supply-driven segmentation frameworks, the benefits of the supply chain 

interventions show the same pattern as seen in Figure B, indicating the robustness of the results. 

Recommendations and conclusions 
It is concluded that the business-driven segmentation framework as developed in this thesis is an 

appropriate way for P&G to segment their product portfolio. Thus, it is recommended to use this 

framework for the segmentation renewals.  

Additionally, it was found that adapting the production frequency per segment provides substantial 

supply chain benefits. This intervention reduces the inventory, number of changeovers needed in 

production, and increases the service level.  

There are several supply chain characteristics that could impact the generalizability of these results 

to other product categories. The findings could be impacted by the number of shared SKUs between 

DCs, the lead time from the production plant to the DC, the presence of external suppliers in the chain, 

the occurrence of quality issues in production, the capacity constraints and production flexibility in 

the production plant, and the number of product introductions in a category. These factors should 

thus be considered when implementing the supply chain intervention in other categories. Generally, 

in situations with supply chain characteristics that limit the capacity and flexibility of the production 

site, reorder levels should be increased to ensure a high service level.   

Furthermore, it is recommended to improve the flow of information sharing between stakeholders, 

such that the segmentation renewal can be finished within a month after the commercial strategy 

review. This ensures that the changes in the commercial strategies are immediately reflected in the 

segmentation, and that the supply chain strategies can be adapted accordingly. When the 

stakeholders have segmentation as an aspect in their personal performance plan, their commitment 

to executing their role in the supply chain segmentation process will increase.  
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Chapter 1. Introduction 

This report describes the master thesis research that was conducted at Procter & Gamble (P&G1) to 

conclude the master degree in Operations Management and Logistics at the TU Eindhoven. P&G is a 

Fast-Moving Consumer Goods (FMCG) company. The FMCG industry is very competitive, because 

there are often numerous alternative products that consumers can choose from when shopping. The 

trend of upcoming e-commerce and increased price transparency put pressure on the margins of 

retailers, who in turn put pressure on the margins of their suppliers.  

To be more competitive, P&G has the goal to be more consumer-centric by focusing on the right 

products and customers. In 2014, P&G dropped a lot of brands from their portfolio, to focus on 

product categories related to personal and household care. The aim within the supply chain (SC) is 

to improve Operating Total Shareholder Return (O-TSR). O-TSR is measured in terms of service, 

inventory and costs. Currently, end-to-end supply chain synchronization is a project that is done at 

P&G to improve O-TSR, and to support the effort of becoming more consumer-centric. In the 

synchronization project, the aim is to transform the supply chain such that it responds seamlessly to 

customer requirements, and by doing so improving O-TSR. 

A major component of the end-to-end synchronization project is supply chain segmentation. In terms 

of SC design and execution, ‘one size does not fit all’ (Beck, Hofmann and Stölzle, 2012). In supply 

chain segmentation, P&G wants to partition all their Stock Keeping Units (SKUs) in the portfolio into 

segments. Then, for each of the segments, P&G wants to have different value propositions, meaning 

that different SC strategies are needed to respond to differing requirements in each of the segments. 

This thesis focuses on how P&G can implement supply chain segmentation within their company, in 

the geographic area of France, Belgium and The Netherlands. Both the portfolio segmentation 

process and the translation to differentiated operational strategies are investigated. 

Section 1.1 describes the company background. Section 1.2 follows by explaining the problem 

context, and section 1.3 discusses the research design. Section 1.4 outlines the structure of the report. 

1.1. Company description 
The description of the corporate structure is found in section 1.1.1. This is followed by an analysis of 

the type of customers in section 1.1.2. Section 1.1.3 gives a general supply chain description. 

1.1.1. Corporate structure 
Currently, P&G has ten global business units (GBUs), which are each responsible for one product 

category (e.g. Baby Care, Oral Care, etc.). These GBUs develop overall brand strategy, new product 

upgrades, innovations, supply chain strategies and marketing plans. The GBUs operate on a regional 

level in a Regional Business Unit (RBU). In this RBU, specific brand strategies, innovations and 

marketing plans are developed for the category-region combination.  

For Europe, the RBUs are located in Geneva, Switzerland. The RBUs coordinate the sub regions, called 

Selling Market Organizations (SMO). The SMOs are responsible for generating sales and distributing 

the products in the local area. This means that they are responsible for developing new local trade 

channels, providing the RBU with the local country consumer insights and market knowledge, 

                                                             
1 Please refer to page VII for a complete list of abbreviations used in this thesis. 
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working with the RBU to maximize sales and value creation, and executing marketing plans. The RBU 

is amongst others responsible for approving budget requests from the SMOs for product promotions. 

This master thesis is conducted at the France-Belgium-Netherlands (FBNL) SMO.  

In Warsaw, the European Planning Service Center (PSC) is located. This center is responsible for 

executing a large part of the SC strategy as defined by the RBU. The PSC uses all demand forecasts to 

plan production in the manufacturing plants and to plan replenishment of European distribution 

centers (DCs). To generate forecasts, statistical methods in SAP are used to forecast regular demand 

based on historical data, and input from the SMOs is used to forecast promotional demand. 

In the FBNL SMO, there are five main departments: finance, human resources (HR), sales, marketing, 

and supply network operations (SNO). The HR and Finance departments are support functions. The 

marketing department is responsible for brand strategies and advertisements for a product category. 

The sales department is responsible for relationships with the customer (e.g. launching products 

with a specific customer, deciding on executing promotions). The SNO department is, amongst others, 

responsible for handling customer orders, customer service, and developing mitigation plans to 

reduce risk of cutting (i.e. not delivering) orders. Furthermore, the department is responsible for 

forecasting promotional demand, preparing the supply chain for new product launches, coordinating 

the design and development of customized SKUs such as displays, and conducting supply chain 

improvement projects with customers. This research is carried out at the SNO department. 

1.1.2. Customers 
P&G distributes its products through four main channels in FBNL (Fadoul, 2018): the food channel 

(supermarkets), drug-channel (drug stores), discount/low end retail channel (low budget stores) 

and the e-commerce channel (online retailers only selling products through webstores). The food 

and drug- channels are the largest customers in terms of volume, while the discount and e-commerce 

channels are growing more rapidly. Furthermore, France is the largest market in FBNL, with 64% of 

the sales volume, followed by the Netherlands (23%) and finally Belgium/Luxembourg (13%).  

Generally, customers order products via Electronic Data Interchange or a Web Order Portal. For some 

customers, P&G manages the inventory at the customer DC (Vendor Managed Inventory). Most of the 

French (FR) customers are replenished from a DC in Amiens (France), and most of the Benelux (BNL) 

customers are replenished from a DC in Rumst (Belgium). In FR, the delivery lead time to customers 

is generally longer than in BNL, because of the longer distances. Furthermore, customers have 

different degrees of centralization, leading to a different number of DCs that P&G must deliver to. 

This influences the volume, frequency and efficiency of shipments. P&G uses trade terms to stimulate 

desirable customer behavior (e.g. ordering full trucks). 

1.1.3. General supply chain description 
An overview of the supply chain in FBNL is shown in Figure 1. The demand process starts with the 

SMO gathering market intelligence from the customers, consisting of input of the customer on how 

much extra demand they expect during a certain promotion. This information is passed on to the PSC 

in a forecast. The PSC is then responsible for managing the inventory at the P&G DC and planning 

production at the production plants. Two main stakeholders at the PSC involved in this process are: 

- Distribution Requirements Planner (DRP): generating DC replenishment orders, updating 

inventory settings (e.g. safety stock and reorder levels) of P&G DC 

- Site Integrated Planner (SIP): generating the production plan for the production plant, given 

the replenishment orders and material availability constraints 
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Figure 1: General FBNL supply chain 

Some manufacturing plants are P&G owned, others are operated by contractors (External Supply 

Solutions). The P&G owned and operated plants are more flexible in their operations than the 

contractors. For these P&G owned plants, orders can be directly changed based on urgent needs. 

There are 31 P&G manufacturing plants situated in Europe. Some of the materials that are required 

at the manufacturing plants are sourced locally, but other materials are sourced globally. This 

impacts the lead time and flexibility of the plants. For releasing production orders to suppliers, 

manufacturing plants use the forecast that is in SAP to estimate how much materials are needed. 

After production has finished, the manufacturing plants deliver the products to the P&G DC.  

Customers place orders at the SMO, which checks and confirms the orders in SAP (e.g. to see if trade 

terms are complied with). The DRP then collects all orders from different SMOs, and releases orders 

to the P&G DC. In case of scarcity of products, the DRP uses an allocation rule that allocates products 

to certain customers or countries. Third party logistics providers then transport the products from 

the P&G DC to the customer DC, based on orders released by the DRP. Furthermore, information 

about the inventory available in the DC is updated in SAP, and this information is available to the SMO 

and the PSC. When there are critical issues, like a very low stock level or an out of stock situation on 

a particular SKU, the SMO and PSC can act upon this information. For instance, the SMO can contact 

the customer, the PSC can prioritize certain production, etc. Sometimes, lateral transshipments occur 

between the Rumst and Amiens DC, if a product is out of stock at one DC but in stock at the other DC. 

The Customer Order Decoupling Point (CODP) is located at the P&G DC.  Upstream of the CODP, all 

production/transportation is based on forecasts of demand. Downstream of the CODP, all actions are 

related to actual customer orders. Thus, in the manufacturing plants, all products are ‘made to stock’ 

(MTS - pushed). The DCs are replenished when their inventory drops below the reorder level. The 

point where products are ‘pulled’ is at the P&G DC when the actual orders from the customer are 

received, and products are collected into a shipment. The CODP is placed at the P&G DC, because 

customers expect a short lead time. 

The main aim of the supply chain at P&G is to achieve a high O-TSR: a high service, at low cost and 

inventory levels. The internal measure for the service level to the customers is the Case Fill Rate 
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(CFR), which is similar to the fill rate measure as recognized in literature (e.g. Lee and Billington, 

1992; Nahmias, 2009b). This measures the amount of products that are invoiced to the customer, 

compared to the amount of products that were ordered by the customer, as shown in (1). It is 

important to know that this is not a measure for the timeliness of the deliveries. In the invoice 

quantity, all orders that are eventually delivered are included, even if they are delivered after the 

requested delivery date. The overall CFR target at P&G is confidential.  

 𝐶𝐹𝑅 =
𝐼𝑛𝑣𝑜𝑖𝑐𝑒 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 (𝑆𝑈)

𝑂𝑟𝑑𝑒𝑟𝑒𝑑 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 (𝑆𝑈)
× 100% (1) 

The common internal measure for volume and product quantities is Statistical Units (1000 SU = 1 

MSU). This measure was developed to compare ‘apples to oranges’, because of the diverse product 

portfolio. As a rule of thumb, 1 SU is the quantity that an average (American) family would use in a 

year. For example, an electronic shaving device is 1 SU, while one laundry detergent pod is 0.01 SU. 

1.2. Problem context 
As an effort to improve O-TSR, P&G has introduced the concept of supply chain segmentation. This is 

a well-known concept in literature. According to Beck et al. (2012), supply chain segmentation 

includes the following four processes: 

1. Segmenting the product portfolio 

2. Applying different operational strategies for the different segments 

3. Aligning supply chain segmentation within the company  

4. Aligning supply chain segmentation with suppliers and customers 

Before aligning the supply chain segmentation with suppliers and customers, P&G wants to make 

sure that the segmentation is fully aligned within the company. Therefore, the focus of this thesis is 

on the first three processes. 

First, in segmenting the product portfolio, P&G has already tried implementing a segmentation 

framework, to capture customer requirements, and use this to segment the portfolio. However, this 

portfolio segmentation process encountered some problems in implementation, it does not satisfy 

the business requirements, and it is uncertain whether it is the most appropriate framework. 

Second, P&G is not achieving their supply chain performance targets. Overall, they are 0.8% behind 

on their CFR target, and for their most important product segments they are 0.9% behind on their 

CFR target. P&G wants to reach their CFR targets by differentiating their operating strategies. 

Currently, there is no consistent strategy within P&G how to differentiate operational strategies for 

the different segments. Within some product categories and some production plants some general 

improvement projects have been undertaken, but it is unclear what the best SC strategies are for the 

different segments, and what the impact is on the inventory and service levels.  

Finally, supply chain segmentation is not fully aligned between the different stakeholders in the 

company. The aim of the company is to mainly push product promotions on their most important 

segments, because these are the most crucial products to the business. The idea is that the supply 

chain is more responsive for these products, so promotions can be supported better for these 

products. However, there is a lack of awareness within the sales department about this aim, so they 

currently do not pursue this strategy when they launch product promotions with customers.   
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1.3. Research design 
In this section, the research design is discussed. Section 1.3.1 states the research questions. Section 

1.3.2 specifies the scope of the research. Section 1.3.3. discusses the research methodology and 

section 1.3.4 describes the project deliverables.  

1.3.1. Research questions 
From the problem context it was concluded that P&G’s supply chain performance is behind its target, 

and they wish to use supply chain segmentation to improve this. This problem context leads to the 

following main research question: 

How can P&G improve their supply chain performance by executing supply chain segmentation? 

To answer this research question, three sub questions are defined, that relate to the first three 

processes of supply chain segmentation. 

1. How can the SKU portfolio of P&G be segmented such that it correctly reflects the customer 

requirements? 

a. What ways of segmenting an SKU portfolio are described in literature? 

b. What is an appropriate way for P&G to execute business-driven segmentation? 

c. How does the business-driven segmentation compare to cost-optimal supply-driven 

segmentation, given different operating strategies? 

d. What is the most appropriate way for P&G to segment their portfolio, considering 

business-driven and supply-driven segmentation requirements? 

2. How can P&G effectively implement segmentation in its operating strategies such that it 

improves supply chain performance? 

a. What ways of segmenting operating strategies are described in literature?  

b. What ways of improving supply chain performance are described in literature? 

c. Given the business-driven segmentation, what is the influence of different operating 

strategies on supply chain performance? 

d. What is the most effective way for P&G to implement different operating strategies 

for different segments? 

3. What are recommendations for implementing supply chain segmentation throughout the 

company? 

a. What are relevant differences between categories that could affect how supply chain 

segmentation can be applied? 

b. What are the main interests of the relevant stakeholders in implementing supply 

chain segmentation?  

c. How can P&G implement supply chain segmentation throughout the company, 

considering differences between categories and stakeholder interests? 

1.3.2. Scope  
The focus of this research is on the supply chain segmentation processes that occur within the 

company. Thus, the P&G suppliers and customers are out of scope. The parts of the internal supply 

chain that are in scope are the manufacturing plants and P&G DCs, shown in Figure 2. 
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Figure 2: Research scope 

Furthermore, this research is conducted at the FBNL SMO. However, in the production plant, 

products for other SMOs are also produced on the same production lines, which affects the 

production management strategy. To restrict the research to FBNL, assumptions are made about the 

capacity that is available for FBNL production, and the other SMOs are left out of scope.  

Additionally, the customized SKUs are also out of scope, because they follow a completely different 

supply chain process, and the customization department is also currently working on a segmentation 

and operationalization project. Customized SKUs are all SKUs that are a result of manipulation 

outside of the main production process (i.e. ‘off-line’). An example of a customized SKU is a display, 

or a product with a special sticker. The purpose of these customized SKUs is to improve promotion 

visibility and increase sales. The products that go into a customized SKU (e.g. the products that are 

put in a display) are included in the scope, because they are produced on the regular production lines.  

1.3.3. Research methodology 
The research method used to answer the research questions is inspired by the ‘theory based field 

problem solving cycle’ as described by Van Aken, Berends and van der Bij (2012b). In this cycle there 

are five steps, depicted in Figure 3.  

 

Figure 3: Problem Solving Cycle, adapted from Van Aken, Berends, and van der Bij (2012b) 

At first, the problem is defined. Then, it is important to analyze and diagnose the problem, followed 

by the design of a solution (i.e. new segmentation framework and differentiated operational 

strategies). This solution has to be implemented and evaluated. After this evaluation step, one can go 

back to the problem to find if it has been solved or whether there are unresolved problems. Then one 

can go through the cycle again and iteratively improve the solution. This thesis is concerned with the 

first three steps of the problem-solving cycle. Nevertheless, the solution design is improved in an 

iterative evaluation process, as seen by the recursive arrow in Figure 3.  

In Figure 4, this iterative evaluation process is illustrated, showing that first a business-driven 

segmentation framework is developed, which is used to evaluate different operational strategies. 

Then, this business-driven framework is compared to the supply-driven segmentation framework, 

to provide learnings on potential additions to the business-driven framework. 
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Figure 4: Iterative solution design 

For retrieving information from literature, a systematic literature review was performed, which is 

described in detail in Van Hezewijk (2018). For retrieving information from P&G, semi-structured 

interviews (elaboration provided in Appendix A) were conducted with stakeholders that are involved 

in the described processes, based on the approach described by Van Aken et al. (2012).  

To validate the resulting business-driven segmentation framework, the framework was applied to all 

product categories. The differentiated operational strategies were validated in a case study by 

applying them to a pilot category, considering the specific supply chain constraints and parameters 

of this category. The performance of the differentiated operational strategies was analyzed with a 

simulation model. From this model and validation, learnings were evaluated and recommendations 

were made on operational strategies and the segmentation framework. Furthermore, insights were 

gathered about how the operational strategies could be translated to the other product categories. 

Additionally, a change plan was developed that identifies the steps and involved stakeholders 

necessary to implement the recommendations. 

1.3.4. Research deliverables 
In addition to this thesis, there are additional company deliverables: 

- Segmentation framework with guidelines and steps to speed up segmentation process 

- Updated segments for product portfolio 

- Intermediate and final presentations about progress and results of research project 

- A change plan about how to execute supply chain segmentation within the company 

Furthermore, this thesis contributes to academics by providing a case-study on supply chain 

segmentation in the FMCG industry, and how differentiated production and inventory strategies 

interact and impact supply chain performance.  

1.4. Report outline 
The remainder of this thesis is structured along the lines of the research questions. In Chapter 2, the 

business-driven segmentation framework is developed, answering research questions 1a) and 1b). 

In Chapter 3, research questions 2a) and 2b) concerning the potential differentiated operational 

strategies are discussed. In Chapter 4, the specific supply chain scope is modeled, and in Chapter 5, 

this model is analyzed using a simulation study, answering research questions 2c) and 2d). The 

segmentation framework is revisited in Chapter 6, and it is evaluated how the supply-driven 

framework compares with the business-driven framework, answering questions 1c) and 1d). Finally, 

in Chapter 7 the implementation of supply chain segmentation is discussed and recommendations 

are provided, answering research question 3. The thesis is concluded in Chapter 8 by shortly 

answering the research questions, and by discussing directions for future research.   
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Chapter 2. SKU portfolio segmentation 

As discussed in chapter 1, in the supply chain segmentation process, segments have to be created, 

and then products have to be placed in these segments. Following this segmentation, these segments 

should be supported by different supply chains or strategies, which at first should be integrated 

within the company, and then also with the supply chains of suppliers and customers. This chapter 

discusses the process of placing products in segments.  

Segmenting the product portfolio is essential in grasping the customer requirements, and aligning 

the supply chain to meet these requirements for each of the segments (Beck et al., 2012). In this 

chapter, it is described how the SKU portfolio can be segmented. Section 2.1 reviews the findings in 

academic literature about this topic. Section 2.2 analyzes the input gathered at P&G concerning this 

topic. Section 2.3, proposes the segmentation framework, and section 2.4, validates this framework.  

2.1. Literature review 
Supply chain segmentation is a widely studied research area. To understand ways of segmenting the 

SKU portfolio, several topics are discussed. First, requirements that the segments should satisfy are 

discussed in section 2.1.1. Then, the characteristics that can be used in segmenting SKUs are 

discussed in section 2.1.2. The arguments presented here are a result of the literature review that 

was conducted during the thesis research. In this section, a summary is provided of the findings. For 

a more detailed analysis, the reader is referred to the literature review (van Hezewijk, 2018). 

2.1.1. Segmentation requirements 
Van Hezewijk (2018) found several requirements that are considered important for supply chain 

segmentation to satisfy, which can be categorized in two groups. There are requirements that 

concern the content of the segments, and requirements that concern the process of segmentation. 

1. Content requirements 

a. Segments are externally heterogeneous and internally homogeneous on relevant 

characteristics 

b. Segments are mutually exclusive and collectively exhaustive 

c. Segments take into account customer requirements 

d. Segments have different supply chain implications  

e. Segments are substantial 

2. Process requirements 

a. Segments reduce complexity  

b. Segmentation is applied ‘end to end’ 

c. Segments should be updated regularly 

In terms of content of the segments, the products in one segment should differ from products in 

another segment, and products in the same segment should be similar to each other, on the 

characteristics that are considered in the segmentation (Shepherd, 2017). Furthermore, all products 

must be segmented, and they can only be in one segment at a time (Alicke and Haller, 2017). While 

the characteristics that should be considered in segmentation are situation specific, and depend on 

the company and industry in which it is done, it is essential to always consider customer 

requirements (Alicke and Forsting, 2017a). Moreover, the characteristics that are considered, 
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resulting in different segments, should ensure that these segments have different supply chain 

implications. This means that the different characteristics should require different supply chain 

responses (Iannuzzi, 2014; Shepherd, 2017). Finally, the segments should also be substantial in size, 

such that each of the segments logically warrants specific attention and resources (Iannuzzi, 2014). 

In terms of the segmentation process, it is emphasized by Alicke and Haller (2017) and Van Kampen, 

Akkerman, and van Donk (2012) that it should reduce complexity, and should thus require a certain 

level of simplicity in segmentation. This is also important because segmentation should be applied 

‘end to end’, in the entire supply chain (Beck et al., 2012). Even within the scope of this thesis, which 

is restricted to the alignment within the company part of the supply chain, this ‘end to end’ 

application requires involvement of many stakeholders and departments, so the segmentation 

process should be clear and simple to understand. Finally, especially in a consumer goods company 

where there are a lot of changes in the product portfolio and in the customer requirements, it is 

essential to keep the segments up to date (Godsell et al., 2011; Thomas, 2012). 

2.1.2. Segmentation characteristics 
Van Hezewijk (2018) found there are seven main characteristics that are often considered in 

segmentation. These characteristics can be categorized in two groups, customer and market 

characteristics, and product and supply characteristics: 

1. Customer and market characteristics 

a. Demand volume 

b. Demand variability 

c. Customer importance 

d. Competitive priority 

2. Product and supply characteristics 

a. Product life cycle stage 

b. Product profitability 

c. Lead time 

The demand volume of a product is often considered in segmentation. This is because the volume of 

a product indicates how important it is, as large volume products have a large relative contribution 

to the revenue of a company. The product’s importance can decide how much resources should be 

dedicated to this product. This can be relevant in deciding service level targets and inventory levels, 

because missing one percent of demand for high volume products has a lot more impact than missing 

this one percent for low volume products. Additionally, products with high volume could experience 

more benefits from economies of scale in the supply chain, for example in production and 

transportation. Thus, demand volume is a characteristic with major supply chain implications. 

Demand variability is also considered often. Fisher (1997) argues that for products with volatile 

demand (i.e. a lot of spikes in the demand), the most relevant focus of the supply chain is to minimize 

the ‘market mediation costs’, which occur when there is excess inventory or a shortage of inventory, 

in other words to focus on flexibility. On the other hand, for products with stable demand, the focus 

is on minimizing ‘physical costs’ of the supply chain, in production, storage and transportation, in 

other words to focus on efficiency.  

The importance of the customer is also relevant to consider in supply chain segmentation. Like the 

demand volume, the importance of the customer, in terms of contributing to the revenue of the 
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company, could suggest how much resources should be spent on this customer. Customer Portfolio 

Analysis could be used as a tool to assess a customer’s importance (Hofmann, Beck and Füger, 2013). 

The importance of a customer could impact the service level targets that should be set for products. 

The concept of competitive priority is often meaningful to consider, as it determines what the focus 

of the supply chain should be for a certain product. Aitken et al. (2005) introduced the ‘market 

winners and qualifiers’ concept, which describes four topics that could be a priority in a supply chain: 

lead time, quality, cost, flexibility (or service level). They argue that for a product to ‘qualify’ for a 

market, a minimum standard of lead time and quality must be met. However, the cost of a product or 

its flexibility are what can make a product ‘win’ in the market. Thus, it is important to discover what 

the competitive priority is for each product, such that the supply chain can be adjusted to this goal.  

The product’s life cycle stage is often considered, because the different stages of this life cycle could 

indicate what the focus of the supply chain should be. Christopher and Towill (2002) argue that for 

new product introductions, achieving a high service level should be the supply chain focus. In the 

maturity and saturation phase, the focus could shift to minimizing costs. For products at the end of a 

life cycle, the risk of obsolescence should be reduced. Furthermore, the life cycle stage of a product 

also has a major impact on the demand characteristics of the product. Godsell et al. (2011) describe 

that in the early stages of a product’s life cycle, the demand is more volatile and unpredictable, and 

thus would require a more responsive supply chain.  

The principle behind considering a product’s profitability for segmentation is the same as for 

considering the volume; highly profitable products have a relatively high contribution to the revenue 

of a company, and thus warrant the most resources dedicated to this product. A product’s 

profitability is dependent on its price and costs, and the costs are of course a result of the supply 

chain strategy that is chosen to produce a product. Thus, placing a product in a certain segment, and 

then changing the operating strategy might in turn influence the profitability of a product, so this 

effect is important to consider in segmentation. Nevertheless, if there are huge differences between 

the margins of products, this will likely remain the same in case of altering the operating strategies, 

and could in such a way be useful as a segmentation characteristic.  

The most controversial segmentation variable found in literature was the lead time of a product. The 

replenishment lead time of a product (time that elapses between ordering a product and receiving 

it) has a big impact on the costs that are found in the supply chain, because it dramatically impacts 

required inventory levels. Therefore Towill and Christopher (2002) argue that it should definitely be 

considered in defining segments. On the other hand, Godsell et al. (2011) argue that the lead time of 

a product is a system constraint that should be considered in designing the supply chain strategy, 

and that segmentation itself should be customer centric. Furthermore, the lead time is a factor that 

can be influenced as part of the supply chain strategy (Fisher, 1997), so there are no conclusive 

results on whether this should be a decisive factor in segmentation.  

2.2. P&G perspective on segmentation framework 
Prior to this thesis, P&G had already conducted the segmentation process at least once for all 

categories. In section 2.2.1, an elaboration of the previous segmentation exercise at P&G is given. In 

section 2.2.2, the Key Performance Indicators (KPIs) that have been recently defined by P&G are 

explained, and the previous segmentation exercise is evaluated on these KPIs. In section 2.2.3, the 

applicability in the P&G segmentation of the characteristics found in literature is discussed. 
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2.2.1. Previous segmentation exercise 
P&G had defined six segments: Strategic, Priority, Agile, Core, Elementary, to be Discontinued 

(abbreviated as SPACED). The Strategic, Priority and Agile (SPA) segments are meant for the 

‘important’ products; P&G wants to ensure that these products can be well supported in case of (short 

term) promotions. On the other hand, the Core, Elementary and to be Discontinued (CED) products 

should mostly be supported just for regular sales. SPA segments therefore require different supply 

chain capabilities than CED products. 

The framework that was provided by the RBU to help the SMO in defining the segments for each 

product is depicted in Figure 5. Volume, volatility and profitability are variables that are considered 

in determining a product’s segment. An example is given for what is considered strategic: strategic 

for market, customer, channel, entry or trade-up. Additionally, this framework highlights the desire 

to have Power SKUs in the SPA segment. The MS&P (Market Strategy & Planning leader – responsible 

for a product category’s commercial strategy) selects the most productive SKUs (i.e. bringing the 

highest value to sales in terms of volume or strategically) to be Power SKUs. The target is to have 

these SKUs available in all distribution channels, and to sell them in high volumes, and have a high 

availability of these SKUs (i.e. the competitive priority is a high service level). 

 

Figure 5: SPACED framework (adapted for confidentiality reasons) 

The previous segmentation exercise was performed by a different team in every category. The 

segmentation process was initiated by the category market planner, who is also responsible for 

demand planning, forecasting promotional volume, and sometimes for preparing the supply chain 

for new product initiatives. The previous segmentation exercise consisted of making a list of all the 

active SKUs in the portfolio, gathering information that the market planner considered relevant (i.e. 

demand data, forecast accuracy), and then going over the list with the MS&Ps of all countries (France, 

Belgium and the Netherlands) to decide which segment would be most appropriate for the product. 

All different countries had to agree on one segment. Finally, this segment had to be aligned with the 

RBU, to check whether this local segment was not conflicting with the regional European strategy.  

Several shortcomings in the previous segmentation process were identified, based on semi-

structured interviews with market planners and MS&Ps that have been involved in the previous 

process. First, the framework provided by the RBU left many decisions open to the interpretation of 

the market planner, and required a lot of judgment calls. There were no defined boundaries or 

guidelines for ranking volume, volatility and profitability as ‘low’, ‘mid’ or ‘high’. There was also a 

problem that the segments did not have very clear boundaries. Some products with certain 

characteristics could fit in more than one segment, while others could fit in none of the segments.  

Second, the process that was to be followed was not clearly defined, and was open to the 

interpretation of the market planner. This meant that every market planning leader had to define 
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their own approach, and had to spend considerable time in preparing the sessions to finalize the 

segmentation with the MS&P. This approach meant that some tasks had to be done by every market 

planner, while if they were done all at once, it would have saved a lot of time (e.g. extracting data 

from data sources). Also, the fact that segmentation was a task of each individual market planner, 

meant that the learning from experiences of others was limited.  

Third, the MS&Ps were often unaware of the purpose and consequences of the segmentation exercise. 

Because of this, the sessions that were held to discuss with the MS&Ps of all countries to decide on a 

segment, and to align with the RBU, could easily take up an entire day for each category. During these 

sessions, every single SKU of the portfolio was discussed, and there are on average 312 SKUs in each 

product category. Due to the lack of guidance in preparing these sessions, and the lack of guidelines 

for handling conflicting interests between countries, these sessions were very time consuming. This 

caused frustration with MS&Ps because they did not know why it was so essential, and why they had 

to make prioritization choices, and they already had a high workload. 

Fourth, in the previous segmentation process, a segment had to be defined for each new product that 

is introduced upon its creation in the database. This is often done by the initiative planner of a 

category, who is not always involved as the market planner in the segmentation exercise. Thus, there 

is yet another person involved who could interpret the segmentation guidelines differently.  

Finally, with the previous exercise, there was no clear guideline on when these segments should be 

updated. Consumer products all go through a lifecycle, and commercial strategies change, so it could 

be that products that were once strategic shift to a less important segment.  

2.2.2. Key Performance Indicators 
At the start of this thesis, it was evident that P&G wanted to improve their segmentation framework. 

Furthermore, P&G had defined CFR targets for each of the segments, which should help in having the 

consequences of segmentation more clearly defined. Several KPIs were designed at P&G to assess 

whether the framework was effective (Vergouwen, 2018). First, there are KPIs that measure progress 

on the strategy of the segmentation, and KPIs that measure the execution of the segmentation. 

Second, the KPIs are assessed from an operational viewpoint, and a commercial viewpoint: 

1. Operational strategy: 

o All products should be in a segment. 

o Around 67% of the expected sales volume should be in the SPA segments, because a large 

part of the portfolio must be important (and to reach the overall CFR target). 

o The complexity in SPA segments (i.e. number SKUs) should be reduced to approximately 

33%, meaning that SKU productivity in SPA segments should be high.  

2. Commercial strategy: 

o All Power SKUs should be in the SPA segments. 

o The highly profitable products should be mostly in the SPA segments (~80%).  

3. Operational execution: 

o The SPA segments should reach a higher CFR than the other segments (i.e. SPACED 

segmentation should be implemented in the operational strategy), as shown in Table 1. 

4. Commercial execution: 

o The volume sold in promotions should be mainly (~80%) sold on the SPA products (i.e. 

SPACED segmentation should be implemented in the commercial strategy)  
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Table 1: CFR targets per segment (Δ vs. overall CFR target) 

 S P A C E D 

Δ vs overall CFR target +0.5% +0.8% +0.5% -0.5% -1.5% -3.5% 

The desire for reduced complexity is driven by the finding that for many categories, a lot of volume 

is driven by a small percentage of the products, as seen in Figure 6. It is seen for many categories 

(category names masked for confidentiality reasons) that only 10% of the products deliver more than 

40% of the volume in the category. The only exception to this is category J, which generally consists 

of a range of more low volume products. Nevertheless, even in this category it is evident that the 

majority of volume is driven by a relatively small percentage of the products.  

 

Figure 6: Overview of SKU productivity 

The result of the previous segmentation exercise was assessed on these KPIs. Descriptive information 

about the product categories is shown in Table 2. The performance on the strategy KPIs is shown in 

Table 3, and the performance on the execution KPIs in Table 4. The KPIs are measured for all 

categories individually, to track the consistency of the segmentation framework performance. The 

aim is to have consistent performance across all categories. Because the product categories are all 

part of different business units and supply chains, segmentation is not used to distinguish product 

categories from each other in terms of importance and priorities and find out which product 

categories are strategically more important than others, but to make the right segmentation choices 

within the category. For the descriptive statistics, data from Financial Year 2016-2017 were used. For 

the volume measures in the KPIs, the forecasted sales volume at the beginning of February 2018 for 

the period of February to September 2018 was used, to reflect the expected sales volume. 

Table 2: Categories – descriptive information 
 

Category A B C D E F G H I J Total 

SKUs Total SKUs 254 254 310 167 211 337 353 77 157 79 2,199 

SKUs Total SKUs (%) 12% 12% 14% 8% 10% 15% 16% 4% 7% 4% 100% 

Volume Total vol. (MSU) 2% 17% 31% 8% 4% 14% 9% 0% 14% 1% 100% 

Volume Total vol. (items) 0% 13% 22% 16% 5% 22% 14% 0% 9% 1% 100% 

Value Value (€) 3% 23% 26% 9% 4% 10% 11% 0% 12% 1% 100% 
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Table 3: KPIs previous segmentation exercise - Strategy 
 

Category A B C D E F G H I J Total Target  
Operational strategy - FR 

General % of SKUs segmented 96 100 95 94 100 92 73 93 98 - 92% 100% 

General % of vol. segmented 98 100 99 99 100 97 79 97 99 - 97% 100% 

Complexity % of SKUs in SPA 31 43 79 41 37 40 24 13 67 - 42% 33% 

Volume % of vol. in SPA 50 73 88 51 79 67 44 47 85 - 73% 67%  
Operational strategy - BNL 

General % of SKUs segmented 96 100 95 97 99 96 76 45 99 96 92% 100% 

General % of vol. segmented 99 100 98 99 100 95 91 65 100 99 97% 100% 

Complexity % of SKUs in SPA 25 39 72 48 29 41 28 15 62 48 41% 33% 

Volume % of vol. in SPA 34 59 80 57 70 61 52 22 84 51 66% 67%  
Commercial strategy – FR 

Power SKU % of SKUs in SPA 47 66 89 73 67 73 60 - 84 - 68% 100% 

Power SKU % of vol. in SPA 46 86 90 60 93 84 88 - 96 - 87% 100% 

High profit % of vol. in SPA 52 72 80 61 63 71 60 - 84 - 75% 80%  
Commercial strategy - BNL 

Power SKU % of SKUs in SPA 42 67 88 73 43 70 69 - 82 68 68% 100% 

Power SKU % of vol. in SPA 32 85 92 68 76 84 78 - 93 66 87% 100% 

High profit % of vol. in SPA 47 60 81 91 66 85 57 - 90 69 76% 80% 

 

The scores on these strategy KPIs make it clear that there were a lot of differences between the 

different categories, which is in line with the finding that the framework was very open to 

interpretation. Furthermore, it is evident that in terms of operational strategy, not all products were 

segmented (93% of SKUs, 98% of volume), and the complexity in the SPA segments was rather high 

(overall 45%). Additionally, overall there was too much volume in SPA (75%), with a lot of difference 

between categories. If too much of the volume is in SPA, then too much volume is viewed as important 

and should receive priority, which defeats the purpose of segmentation. On the other hand, if there 

is too little volume in SPA, the overall CFR target will not be reached. 

In terms of commercial strategy, there were also huge differences between the categories. Overall, 

the number of Power SKUs in an SPA segment is only 68%, which shows there is a big gap between 

the previous segmentation exercise and the target of 100%. However, around 80% of the volume of 

highly profitable SKUs was in SPA, which indicates this performs quite well, but this does not hold 

for all categories (e.g. category A, B, E, I and J). 

Table 4: KPIs previous segmentation exercise - Execution 
 

Category A B C D E F G H I J Total Target 
 

Operational execution - FBNL 

Service level % Δ CFR of SPA volume -2.3 -0.7 -0.5 -0.2 -0.3 -0.3 -2.4 +1.1 -1.7 -1.5 -0.8% +0.5 % 

Service level % Δ CFR of CED volume -3.0 -0.9 -1.3 -1.3 -1.5 -1.9 -5.0 -0.5 -2.7 -4.9 -2.2% -1.0 % 

Service level % Δ SPA CFR – CED CFR 0.7 0.2 0.9 1.1 1.2 1.6 2.6 1.6 1.0 3.4 1.4% 1.5%  
Commercial execution 

Promo FR % of volume in SPA 52 75 96 51 46 58 32 
 

88 
 

81% 80% 

Promo BNL % of volume in SPA 92 61 100 40% 64 65 39 
 

74 65 58% 80% 

 



 

15 
 

 

In the operational execution, it is seen that only the H category (which is the smallest category in 

terms of volume and value) achieved the CFR targets, with the other categories lagging behind the 

target. In most categories, the CFR for SPA products was more than 1% higher than that of CED 

products. However, the CFR did not come close to the target of +0.5% (vs. overall CFR target) in SPA, 

so the operational strategy was still not executed well enough.  

In the commercial execution, it was seen that still quite some volume in the promotions is not sold 

on SPA products. Overall, this is a bigger problem in BNL, but there are very large differences between 

categories.  

The new segmentation framework should be assessed on the same KPIs to validate that it performs 

better than the previous framework. Especially an improvement is required on the strategy KPIs. The 

execution also needs to be improved, but this will not be a direct result altering the segmentation 

framework, but instead should follow after having segmented the products.   

2.2.3. Applicability of literature characteristics 
In this section, it is explored if and how the segmentation characteristics found in the literature 

review are applicable at P&G, and if they are, how the data for these characteristics can be used.  

2.2.3.1. Net Outside Sales (Volume & Profitability) 
P&G measures their growth in sales internally not in volume, but in Net Outside Sales (NOS). This 

measure is dependent on several product characteristics, of which the most influential is the total 

value that is generated by sales, and not the number of products that are shipped. Generally, products 

with high profitability create more sales value (because they are priced higher) than products with 

lower profitability. In P&G, the sales executives have NOS targets to deliver, meaning that they do not 

focus only on selling a lot of volume, but also on selling the most profitable products of the portfolio 

to drive NOS. These two characteristics are also found by literature to be relevant. The sales volume 

is also considered in operational decision making at P&G, as for example products with a risk of 

cutting large orders are prioritized in production.  

 

Figure 7: Levels of detail (example: Fabric Care) 

When measuring sales volume, and indicating whether volume is high or low, the volume could be 

compared at multiple levels, shown in Figure 7. At P&G, it is most relevant to only look at other 

products in a sub-category when ranking the volume of a product. Each product category is further 

divided up into sub-categories. For example, in the category Fabric Care, there are sub-categories 

Laundry (detergents) and Fabric enhancers (e.g. fabric softeners). In the sub-category, all products 

have a similar purpose (e.g. cleaning clothes vs softening clothes), and thus their relative volume can 

be compared. If the volume is compared at a higher level (e.g. category level), some (sub)categories 
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would always be in less important segments, because their volume is simply smaller (e.g. category 

H). On a commercial level, this does not make sense, because the company is organized in business 

units per category, so each category has their own commercial strategy, and defines the important 

products for that category. Each category also has their own production plants, so prioritizing certain 

categories over others does not make sense in the operational context. There is also the option of 

comparing the volume at a lower level (i.e. more detail), for example at the manufacturing plant level 

or the production line level. It is more complicated to gather the data at this level, because then 

several databases must be linked to discover the volume on each of the lines. Furthermore, the 

production strategy is something that can be adapted if there is a need for it (e.g. lines can be made 

more flexible), so it is too detailed to compare the volume of products on this level. Thus, comparing 

products at the sub-category level (i.e. products with a similar purpose) is the most appropriate.  

For the volume, both the historical sales volume and the forecasted demand volume can be 

considered. In the segmentation exercise, the forecasted volume is most relevant to consider. While 

the forecasts for volume are not 100% accurate, they do provide an indication of the amount of 

volume that is expected. If the historical demand data defines the volume, products that were 

significant in the past, but are declining in importance can suddenly become important, and products 

that are new are not considered important because they have not had much volume yet.  

In terms of profitability, it is also necessary to compare products within the same sub-category, 

following similar reasoning as for the volume. Profitability of a product is defined as the sales value 

of the product minus all the costs that were involved in delivering this product to the market 

(materials, production, transportation, storing, etc.). However, data about profitability is confidential, 

and only available to the RBU. The RBU can only share their indications about profitability, and it 

depends on each category on which level of detail the profitability is assessed, which is also 

confidential information. Furthermore, the way of ranking the products on profitability differs per 

category. Some categories classify almost all products as highly profitable, using an absolute 

threshold to determine this rank. Other categories classify a third of their products in each 

profitability bucket, using relative thresholds. This difference between categories is relevant to 

consider when using the profitability characteristic to define segments, as it might lead in some 

categories to an extremely high number of products in the SPA segments.  

2.2.3.2. Availability requirement (Competitive Priority, Customer Importance, 
Product Life Cycle Stage) 
As mentioned before, P&G defines Power SKUs as the SKUs that are very important to have available 

in all of their distribution channels. In other words, for these SKUs the availability is a key priority, 

and as such, the Power SKUs can be linked to the characteristic of ‘competitive priority’. But the 

Power SKUs are not the only products that have this priority.  

Customer importance 

For some products that are only sold at specific customers, MS&Ps stress the importance of having 

high availability. This is linked to the characteristic of ‘customer importance’. Here it is emphasized 

that P&G aims to satisfy all its customers. Some customers are very big for P&G, but are stagnant in 

their growth. There are other customers that are smaller, but whose volume is growing faster. Thus, 

good service for all customers is essential for P&G, so the customer to which a product is sold cannot 

be used as a measure for segmentation.   
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Nevertheless, there are products that are only carried at one customer (i.e. customer specific 

products, for example a different size of the product), and are very important to that customer 

(because the product represents a large share of the volume that is sold by that customer), so those 

products have a high availability requirement. There is data available about the sales volume sold 

per product at each customer. Not only products that are sold to only one customer could have this 

availability requirement, but also products that have 80% of their volume shipped to one customer, 

or that are only sold at two customers. MS&Ps can judge whether these products have a high strategic 

importance and higher availability or not. Here the criterion is how critical that product is in the 

share of the customer, not how big or fast-growing the customer is. 

Product life cycle stage 

Other products that have a high availability requirement are new product launches. This is linked to 

the characteristic of ‘product life cycle’. Products at P&G are renewed all the time (e.g. new design, 

new ingredient, different sizes), and some renewals are more strategic than others. If a product is 

renewed, the old product is ‘phased out’ (PO), while the new product is simultaneously ‘phased in’ 

(PI). These changes in the product life cycle do not require a high availability in themselves, because 

with hard or soft changes, the strategic importance of the product usually remains the same. 

However, sometimes P&G decides to launch a new line of products (e.g. bio-based laundry detergent), 

and in this case, availability is a key requirement. New launches are also tracked in IOPT, and can be 

identified as products that also have availability as the competitive priority. However, judgment from 

the MS&P is still required to assess whether this new launch is an important product innovation, or 

whether it is a regular launch that does not require a higher availability than other products. 

2.2.3.3. Demand variability 
A major characteristic to consider in segmentation that was found in literature was demand 

variability. At P&G, demand variability is mainly caused by spikes in demand due to promotions. 

Often promotions are known quite long in advance (more than six weeks in advance), but sometimes 

also promotions are planned on the short term (less than six weeks in advance). These short-term 

promotions might occur because a customer suddenly had an open spot for a promotion product 

because another supplier fell through, or at customers that only plan their promotions two weeks in 

advance. When promotions are planned longer in advance, the supply chain is better able to prepare 

for this promotion, while if they are planned on the short term, the supply chain is not always able to 

support the extra demand.   

The variability of demand can be measured by assessing the coefficient of variation of demand 

(standard deviation divided by the mean). Furthermore, it can be assessed with daily, weekly, or 

monthly time buckets. When looking at the variability data in weekly buckets, and comparing this to 

the daily buckets, similar patterns are seen, meaning that products with highly variable weekly 

demand also have highly variable daily demand, and vice versa. It was concluded by the author that 

the weekly time buckets are most relevant to consider in segmentation, because this is also the 

current standard of measuring volatility at P&G, and forecasting promotional demand. Therefore, the 

weekly time bucket is most relevant to measure the variation of demand. This measure is also 

currently used in the supply chain in setting safety stocks at the DCs. Thus, the variability of demand 

on a weekly basis is a very applicable characteristic at P&G to include in segmentation.  
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2.2.3.4. Lead time 
At P&G, the desire is to have a customer-centric or business-driven segmentation approach. In the 

commercial strategy, the lead time of a product is not considered. In the operational strategy, the lead 

time of a product is considered in setting safety stock levels. This lead time is dependent on the 

production frequency and transportation time between the production plant and the DC. If the lead 

time is long, this means that more safety stock is required. Thus, the lead time is considered a system 

constraint that should be dealt with in the supply chain, but not as a deciding factor in defining the 

segments of the products.  

2.3. Proposed segmentation framework 
Based on the analysis described above, four clusters of characteristics were identified to characterize 

products: 

1. Demand volume 

2. Profitability 

3. Strategic importance 

4. Demand variability 

 

Figure 8: Segmentation process 

Figure 8 illustrates the general segmentation process developed in this thesis. All the sub-processes 

are described in further detail in following sections. While the RBU makes the final decision on the 

segmentation of SKUs, the SMO should propose a segmentation that incorporates their commercial 

requirements, making it the most active party in the process. At first, input data for every product 

was gathered. Then, a decision tree was applied to the data to segment the portfolio, after which the 

commercial MS&P input was validated. After the validation step, a check was performed to see if the 

volume segmented as SPA was in line with the target. If not, the segmentation was evaluated with the 

MS&P, to make prioritization choices to finalize the SMO proposal of the segmentation. This proposal 

was then aligned with the RBU, and the MS&P and PSC were informed of the new segmentation. 

2.3.1. Collecting input data 
For the segmentation characteristics, the possible values that could be assigned to a characteristic 

and the data source used, are shown in Table 5.   

Table 5: Characteristics used in proposed segmentation framework 

Characteristics Possible values Data source 

Demand volume low, medium, high Demand forecast data for coming 6 months 

Profitability low, medium, high RBU Economic Data Sheet (EDS) file 

Strategic importance strategic, not strategic Power SKU list, customer specific products 

report, IOPT tracker, MS&P validation 

Demand variability low, medium, high Historical demand data, weekly buckets 
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In the process of collecting the input data, there are two main points to discuss. In Appendix B, a 

detailed description is given of how the list relevant products in the scope of the thesis were retrieved 

from the data sources. Furthermore, it is described in Appendix B how the  data sources were found 

and connected to each other, in order to provide complete data input about demand volume, demand 

variability, profitability and strategic importance. The main issue in this data collection process was 

the fact that different data sources identified products in a different way, which increased the 

difficulty in correctly linking all information. 

With the information retrieved from the different data sources, a value had to be given to the 

segmentation characteristics for each product, as shown in Table 5.  

Demand volume 

For the demand volume, the forecasted volumes in February for the next 8 months (in MSU) were 

used for each product. Then for each sub-category, the percentage of volume that was caused by one 

product was computed. Then the products were ranked in descending order, and the products that 

caused at least the first one third of volume were classified as ‘high volume’, the following third as 

‘medium volume’, and the remainder as ‘low volume’.  Then also a manual check was done to assess 

the absolute difference in volume. The logic behind the manual check is applied to an example in 

Table 6. In case there was no volume information available (for example a new launch for which no 

forecast was made yet), forecast was assumed to be ‘low’.  

Table 6: Volume border logic 

Product Volume (MSU) Rank by % contribution Rank after manual check 

1 35 High High 

2 30 Medium High 

3 10 Medium Medium 

4 8 Medium Medium 

5 2 Low Low 

… … … … 

 

Profitability 

For the profitability information, indications on whether the profit was high, medium, or low were 

already provided by the RBU, as this was the only way in which they were allowed to share this 

information. Nevertheless, there were two product categories for which the information was 

provided in a different format, category C and F. In category F, products were sometimes classified 

as low-medium, or medium-high, and in these cases, ‘medium’ profitability was chosen as the value 

for the decision tree. In category C, a color coding system was used: blue (>40% margin, ~60% of 

volume), green (>35% margin, ~7% of volume), yellow (>20% margin, ~25% of volume), red (<20% 

margin, ~4% of volume). Here the blue colors were ranked as ‘high’ profitability, green and yellow 

as medium, and red as low. 

What is already seen in this one example, is that the profitability ranking is not evenly spread out 

over the product portfolio. Some categories use more absolute indications, while other categories use 

relative indications. In case there was no profitability information available for a product, the 

profitability was assumed to be ‘low’.  
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Strategic importance 

For the information concerning strategic importance, a product was classified as strategically 

important if it satisfied at least one of the following conditions: 

1. The product is a Power SKU 

2. The product is a customer specific product 

3. The product is a new product launch 

It could easily be found in the file if a product was a power SKU, unless the MS&P provided an 

outdated EAN. In this case, the EAN was manually looked up in the GRDC to find the right FPC. The 

information about customer specific products contained the FPCs that were sold only at one specific 

customer, or products with 80% of the volume sold at one customer, or sold at two customers. Thus, 

this input had to be validated further by the MS&P. The new products could be found by looking up 

the type of product change in the CSO report, which would indicate if a product is a new launch. 

However, it was found in discussions with MS&Ps that sometimes the Power SKU list was recently 

changed, that not all of the ‘customer specific’ or ‘new launch’ products had a strategically more 

relevant position than other products. Thus, it was necessary to validate with the MS&P which 

products were actually most important. This is described in section 2.3.3. 

Demand variability 

For the demand variability, the historical demand from July 2017 to January 2018 (in MSU) for each 

product (linking PI/PO products) was used to get the total demand history. Then the COV was 

computed by dividing the mean weekly demand by the weekly standard deviation (COV:
𝜎

𝜇
). To get 

approximately one third of the products classified with ‘low’ variability, one third as ‘medium’, and 

one third as ‘high’, variability boundaries were found, as shown in Table 7. These boundaries match 

with P&G’s internal definitions of low and high variability. If there was no variability information 

available, the product was assumed to have ‘low’ variability. The boundaries are the same for all 

product categories. 

Table 7: Variability boundaries 

Value Boundary  

Low COV≤0.65 

Medium 0.65<COV≤1 

High COV>1 

2.3.2. Decision tree 
To ensure that the framework satisfies most of the criteria of segmentation described in section 2.1.1, 

a decision tree was developed to divide the products into the pre-existing P&G segments. For these 

segments, P&G has defined CFR targets. For developing this decision tree, two iterations were 

completed. In the first iteration, it was decided that all products with high volume, high profitability 

or strategic importance were allocated to SPA segments. However, this led to the result that 

approximately 80% of the volume was in SPA segments, and a high complexity in the SPA segments. 

This was mostly caused by the fact that a lot of products with low volume were classified by the RBU 

as having high profitability. Therefore, it was decided that only products with high volume, high 

profitability and medium volume, or strategically important products were placed in the SPA 

segments. The final decision tree is shown in Figure 9. With this decision tree, the volume that is 

allocated to the SPA segments is approximately 67%.   
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To reduce conflicting interests between the different countries, all data was assessed on a country 

level, which technically means that a product could have three different segments. It was decided to 

create one segment for FR, and one segment for BNL, because these markets are generally 

replenished from different DCs, and can thus have different inventory strategies. The segment for 

BNL follows the segment from the country with the largest volume, unless the product is a Power 

SKU in one of the countries, then it follows the segment from the country where it is a Power SKU. 

 

Figure 9: Proposed segmentation framework 

2.3.2.1. SPA segments 
Removed for confidentiality reasons. 

2.3.2.2. CED segments 
Removed for confidentiality reasons. 

2.3.3. Commercial validation 
As mentioned in section 2.3.1, the information retrieved from information systems regarding the 

strategic importance characteristic had to be validated by the MS&P, if this information was indeed 

in line with the commercial strategy. This was done after applying the decision framework, to allow 

the MS&P to also go through the segmentation proposals (SPA or CED), and decide if this was in line 

with their expectations. For this validation, 23 MS&Ps were involved across Paris, Brussels and 

Rotterdam. For the MS&Ps it was critical that this segmentation exercise was less time consuming 

than the segmentation exercise they had performed previously and took up an entire day. To aid 

them in validating the strategic information, a short training of approximately 30 minutes was 

provided to explain and discuss the purpose and consequences of segmentation, as well as what was 

expected from them in the input validation exercise. Then, a file was sent to the MS&Ps with all SKUs, 

indicating which SKUs were listed as Power SKUs, customer specific SKUs, and new initiatives. Then 

the MS&P would only have to indicate whether the information was correct or if they were missing 

some information. Furthermore, they had to indicate which customer specific products and which 

new launches were indeed strategic and required priority over other products. They could also see 

which products were proposed to be in a CED segment, and they could indicate if they thought this 

product required priority. This way of gathering their input was less time consuming (i.e. took ~1 

hour each), and more effective because of their awareness on the segmentation consequences. After 

this validation, a product was characterized as strategically important if it satisfied one (or more) of 

the following conditions: 

1. MS&P validated product is a Power SKU 

2. MS&P validated the product is a strategic customer specific product 
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3. MS&P validated the product is a strategic new product launch 

4. MS&P indicated product should be SPA in their opinion instead of CED 

2.3.4. Volume check 
With this newly validated input, the decision tree was applied again, to incorporate the changes as 

suggested by the MS&P. After applying the decision tree, the amount of forecasted volume that was 

in SPA segments was checked for each category and each region (FR vs. BNL). 

2.3.5. Optional – proposal evaluation with MS&P 
If the volume in SPA after the volume check deviated too much from the 67% target, as described in 

section 2.2.2, another meeting was scheduled with the MS&P to go over the SKUs to make more 

prioritization choices. In practice, the most prevalent problem was that too much volume was in SPA, 

because often the MS&Ps value a lot of SKUs in their portfolio as strategically important; this problem 

occurred eight times. For this meeting, only the non-power SKUs that were in SPA were listed, and a 

specific target of the volume that had to be removed from the list was provided. Together with the 

MS&P, the list was reviewed, and consequences of different segments were explained again, to help 

in the decision-making process. To minimize the service impact of deprioritizing, the products were 

moved from SPA to Core. The list that was reviewed often contained no more than 25 products, which 

made it a quick meeting with the MS&P, often taking up just 15 minutes of their time. Furthermore, 

this process step was only required if too much volume ended up in SPA, so it was only required for 

nine MS&Ps (for one category review both the Belgium and Netherlands MS&P were consulted). 

The aim of these sessions was to have the volume between 60% and 70% in SPA segments. For some 

categories, this was not possible, because prioritization choices were really difficult, but still the 

volume in SPA was reduced as much as possible, and ended up being slightly higher than 70% (all in 

FR: category B, C, D and I). For two categories (all in FR: category A and H) the volume in SPA was 

lower than 60%. For category A, the segments for FR and BNL had to be merged, because those 

products were always shipped from one DC, so they had to have the same operating strategy. After 

this merging, the volume was slightly higher than 70%. For category H, the volume in SPA was 56.1%, 

but the overall CFR target was still reached, and the relative size of this category is very small, so this 

segmentation was not reviewed.  

2.3.6. RBU alignment 
After the proposal was evaluated with the MS&P, or if the proposal after the decision tree was already 

in line with the volume target, the proposal was aligned with the RBUs (the segmentation SPOC – 

Single Point of Contact), to align the ‘local’ FBNL segments with the European commercial and 

operational strategies. In general, the RBUs were aligned with the logic that was used in the decision 

tree framework. However, in the time between the start of this research and the RBU alignment, some 

RBUs had adapted their volume and CFR KPIs per segment, which is discussed in section 2.3.6.1. 

Furthermore, there were several different views on whether the segment of a product could be 

different for multiple countries, which is discussed in section 2.3.6.2. 

2.3.6.1. Adapted segmentation KPIs 
As discussed in section 2.2.2, several KPIs were defined at the beginning of the thesis by P&G. Around 

67% of the sales volume should be in SPA segments, to reach the overall CFR target. Furthermore, 

there are quite substantial CFR target differences, as shown in Table 1.  During the RBU alignment 

phase, it became evident that some RBUs were very strict about the volume targets (e.g. category F), 
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while others did not have a volume target, because they wanted to be completely able to satisfy 

commercial needs (category I). Some categories also had very specific volume targets for the specific 

segments (e.g. category E wanted no volume classified as ‘S’, category F wanted only 3% of volume 

categorized as ‘S’).  

Furthermore, some categories had a different overall CFR target than the company-wide CFR target 

(category C: +0.2%, category D: +0.2%, category E: -0.5%, category I: +0.1%). Also the differences in 

CFR target per segment (compared to the average target) were different from what was described in 

section 2.2.2. The differences can be found in Table 8, and it shows that some categories (category B 

and C) view the ‘Core’ segment as more similar to the SPA segments. Category D treats Core and 

Elementary as equal segments, in terms of CFR target.  

Table 8: Different CFR targets per category 

 S P A C E D 

Δ vs overall CFR target +0.5% +0.8% +0.5% -0.5% -1.5% -3.5% 

Category B +0.5% +0.6% +0.3% +0.1% -1.9% -4.0% 

Category C +0.2% +0.2% - -0.2% -1.0% -3.5% 

Category D +0.5% +0.5% +0.3% -0.7% -0.7% -3.7% 

Category I +0.2% +0.2% +0.4% -0.6% -1.1% -3.6% 

 

The RBU is the final stakeholder responsible for segmentation, and only the RBU is able to upload the 

segmentation in the P&G database such that it can be communicated to all stakeholders. Therefore, 

their targets for volume and CFR were considered leading, and followed in the final RBU alignment.  

2.3.6.2. Differentiated regional segmentation 
Another major topic in the RBU alignment, was whether it was allowed to have different segments 

for different regions. As a result of the framework, two segments were proposed for each product, 

one for each DC from which the product is shipped. The reasoning behind this was that different 

inventory policies can be followed in each DC, so different segments should be possible. However, 

only one production strategy can be followed, so for the production, only one segment is allowed.  

For two categories (A and B), it did not make sense to propose two segments, because they are 

shipped from one central DC to both FR and BNL. It was aligned with the RBU to take the segment 

based on the region with the highest share of the sales volume. For categories F and G, the RBU did 

not agree to take different segments, as they wanted to have the segment aligned in the entire FBNL 

region2. In these cases, also the segment was based on the region with the highest share of the sales 

volume. For the other categories the different segments per DC were accepted, and for the production 

segments, the segment with the highest priority was chosen. 

2.3.7. Inform MS&P and PSC 
After the segmentation was aligned with the RBU, the MS&Ps were informed of the products for 

which there was a high supply chain support capability (i.e. the products in the SPA segments), to 

enable commercial execution of the segmentation. The purpose of this information was twofold. First 

of all, MS&Ps have to be aware of which products are SPA products to be able to focus their 

                                                             
2 Category G even wants one segment per product for all countries in Europe. However, the other SMOs have 
not finished the segmentation process yet, so this alignment still has to be done with the other SMOs. 
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commercial strategy and promotions on these products. Second of all, providing this information also 

creates incentives for the commercial teams to push their SPA products in promotions. Commercial 

teams are evaluated on the amount of NOS that they are able to sell. If products cannot be supplied 

by P&G, they are not sold, and thus this volume is missed in the amount of NOS. Therefore, it is also 

in the best interest of the commercial team to push promotions on the products that can be supported 

by the supply chain. Furthermore, the stakeholders at the PSC were also informed of the new 

segmentation, as they need to be aware of what the segments of products are in executing their 

operational strategies.  

2.4. Framework validation 
To assess whether the new segmentation framework is more in line with the expectations of P&G, it 

is implemented for all product categories, and the resulting segmentation is scored on the same KPIs 

as in section 2.2.2. The results can be viewed in Table 9. As discussed, some KPIs were changed by 

the RBUs, these categories are denoted with an asterisk in Table 9. The execution is not reviewed, as 

that can only be evaluated after this new segmentation strategy is implemented in P&G.   

Table 9: KPIs renewed segmentation exercise – Strategy 
 

Category A B* C* D* E F G H I* J Total Target  
Operational strategy - FR 

General % of SKUs segmented 100 100 100 100 100 100 100 100 100 - 100% 100% 

General % of vol. segmented 100 100 100 100 100 100 100 100 100 - 100% 100% 

Complexity % of SKUs in SPA 41 39 39 41 25 29 37 23 38 - 36% 33% 

Volume % of vol. in SPA 73 74 71 73 63 67 71 56 75 - 71% 67%  
Operational strategy - BNL 

General % of SKUs segmented 100 100 100 100 100 100 100 100 100 100 100% 100% 

General % of vol. segmented 100 100 100 100 100 100 100 100 100 100 100% 100% 

Complexity % of SKUs in SPA 40 27 41 39 39 38 44  26 40 44 38% 33% 

Volume % of vol. in SPA 73 70 68 68 69 70 68 70 69 69 69% 67%  
Commercial strategy - FR 

Power SKU % of SKUs in SPA 100 100 100 100 100 100 100 100 100 100 100% 100% 

Power SKU % of vol. in SPA 100 100 100 100 100 100 100 100 100 100 100% 100% 

High profit % of vol. in SPA 79 76 75 91 58 73 87 - 77 - 77% 80%  
Commercial strategy - BNL 

Power SKU % of SKUs in SPA 100 100 100 100 100 100 100 100 100 100 100% 100% 

Power SKU % of vol. in SPA 100 100 100 100 100 100 100 100 100 100 100% 100% 

High profit % of vol. in SPA 81 74 78 78 58 88 74 - 73 67 78% 80% 

When comparing Table 9 to Table 3 in section 2.2.2, a lot of improvements can be seen on the KPIs 

discussed in section 2.2.2. Compared to the results of the previous segmentation exercise (Table 3), 

more product categories now reach the SPA volume target. Furthermore, all power SKUs are now 

segmented in SPA, and the complexity of the portfolio is generally reduced. However, it is evident 

that there are still two main areas were this framework is lacking in reaching the target. 

First of all, the complexity target was not reached for all categories. A major reason for this is that the 

main steering criteria during the segmentation process was volume, not complexity. Nevertheless, 

the complexity is still quite small. Furthermore, at the beginning of financial year 2018-2019, it was 
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revealed that the strategy towards portfolio complexity shifted focus from reducing complexity to 

improving the portfolio value. Therefore, SKU complexity is no longer used as a hard requirement. 

The second KPI where the framework does not reach the target is the volume of highly profitable 

SKUs in SPA. This is attributed to the ambiguous profitability data that was available during this 

segmentation exercise. When categories rank almost all of their products as highly profitable, these 

products cannot all be segmented into SPA segments, because then the complexity and volume in SPA 

segments would be too high.  

2.4.1. Framework evaluation 
Based on the validation analysis, as well as qualitative feedback from the stakeholders involved, 

several points of improvements are suggested to incorporate in the proposed segmentation 

framework. These suggestions are all incorporated in the ‘segmentation update document’ that was 

created for P&G, as further described in section 7.3. 

First of all, this segmentation framework leads to different distributions of the volume over the 

segments for the different categories (e.g. category D has almost no Agile volume, while category A 

has 36% of volume in Agile). To enable a more generalizable operating strategy for all categories, this 

distribution could be made more equal. For this, several issues need to be resolved: 

- Input of profitability information should be consistent across categories 

- Categories should take the same commercial strategies with regards to determining strategically 

important SKUs (power SKUs, customer specific SKUs, strategic new launches) 

- Variability boundaries should be determined per category, instead of company-wide boundaries. 

Some categories are inherently less variable than others.  

Secondly, while the overall category volume was now used as an evaluation criterion in the 

segmentation process, it might be more valuable to look at the volume per value stream within a 

category. Specifically for category F, the value streams differed a lot in their production location and 

strategy, so it was necessary for each of the value streams to have around 67% of the volume in SPA. 

Finally, the segmentation process that was executed during this research took five months to 

complete for all categories (gather input, align with MS&Ps, align with RBU, etc.). The demand that 

was forecasted at the end of February was used as input for the segmentation. However, the 

forecasted demand is updated quite regularly, so it is important to use recent forecasts for the 

demand volume. Furthermore, in the timespan of five months, also strategies could change, which 

could also influence the segmentation. The go-to-market (GTM) strategy is renewed twice a year, and 

then it could be that the strategic importance of some products changed. Therefore, it is 

recommended to make sure the segmentation process is done within a month, right after the GTM-

renewal. This ensures that up to date forecast information and strategic information is used in the 

segmentation.  

With these improvements, the business-driven segmentation framework as discussed in this chapter 

is considered to be an appropriate way for P&G to segment their product portfolio. In Chapter 6, it is 

analyzed whether including supply-driven segmentation characteristics in this framework would 

give higher benefits, and it is evaluated if a supply-driven segmentation framework would be more 

appropriate than this business-driven segmentation framework. 

  



 

26 
 

 

Chapter 3. Differentiating operational strategies 

As discussed in chapter 2, in the supply chain segmentation process, products have to be placed in 

segments. Following this segmentation, these segments should be supported by different supply 

chains or operational strategies, which at first should be integrated within the company, and then 

also with the supply chains of suppliers and customers. This chapter discusses the different internal 

operational strategies that can be used for different segments.  

Within the internal P&G focus of this thesis, the production process as defined by Alicke and Forsting 

(2017b) is considered to be the main operational strategy that is open for differentiation. This 

production process mainly consists of three elements: 

- Production strategy (placement of the CODP) 

- Production planning and scheduling 

- Inventory levels 

As mentioned in section 1.2, implementing differentiated operational strategies based on 

segmentation is essential in executing segmentation. One could choose to pursue different 

operational strategies, or to only apply supply chain improvement strategies in certain prioritized 

segments. In this chapter, both the findings from literature are discussed, as well as the input and 

reflection from P&G on these topics. In section 3.1, it is described what kind of differentiated 

operational strategies could be pursued. In section 3.2, supply chain performance improvement 

methods are discussed. In section 3.3, the supply chain interventions that are most applicable to this 

thesis are concluded.  

3.1. Different operating strategies 
In section 3.1.1, the findings from literature about different operating strategies in supply chain 

segmentation are discussed. These findings are based on Van Hezewijk (2018). In section 3.1.2, a 

discussion follows on the different operating strategies that are considered by P&G. 

3.1.1. Literature review 
Van Hezewijk (2018) found two main suggestions of segmenting operating strategies. The first 

suggestion concerns different forecasting methods, described in section 3.1.1.1. The second 

suggestion concerns the positioning of the CODP, discussed in section 3.1.1.2.  

3.1.1.1. Differentiated forecasting methods 
Kaipia and Holmström (2007) argue that the product characteristics indicate how much attention 

and resources the forecasting process warrants for each segment. They indicate that for products 

with stable demand, the least effort should be put into forecasting, and can for example be completely 

automated using statistical software in SAP. However, for products with very volatile and 

unpredictable demand (e.g. product introductions), more effort should be put into creating an 

accurate forecast, for example with the help of business experts. Linking this to the product 

characteristics findings in Chapter 2, it can be argued that the products in the SPA segments should 

warrant the most forecasting attention and resources, as these are segments with the highest 

volatility and highest need to correctly match supply to demand (i.e. high CFR target).  

Besides differentiating the forecasting attention to different segments, Kaipia and Holmström (2007) 

also suggest to monitor the accuracy of statistical forecasting and expert forecasting. By doing so, it 



 

27 
 

 

can be tracked whether the experts are more reliable, or whether the forecasting for a product can 

be automated.  

3.1.1.2. CODP position 
The main stream in literature concerning different operational strategies for different products 

segments is focused on the paradigm of having a lean, agile or leagile supply chain (Christopher and 

Towill, 2002). A lean supply chain is considered to be most suitable for a supply chain focused on 

cost efficiency. In this segmentation context, these would be the CED segments. On the other hand, 

an agile supply chain is considered most suitable for a supply chain focused on achieving high product 

availability, so for the SPA segments. Furthermore, the concept of a leagile supply chain is introduced, 

which combines both a lean and agile supply chain to provide high availability at a balanced cost.  

A lean production strategy is focused on reducing waste and increasing supply chain efficiency. In 

such a supply chain, the CODP is often placed downstream in the supply chain, making it suitable for 

when short customer lead times are required, and make-to-forecast or make-to-stock production 

strategies are employed (Naylor, Naim and Berry, 1999). This is suitable for products with stable 

demand, or where the costs of not having a product available are relatively low. In production, waste 

is seen in idle time or changeover times in production. This waste can be reduced by reducing the 

number of changeovers, for example by increasing the production batch size. Excessive inventory 

levels are also considered waste, so the aim of lean strategies is to have limited inventory. This is only 

possible when the service level target is limited, as there is an exponential relationship between 

service level and required inventory (Cachon and Terwiesch, 2013). 

An agile production strategy is focused on increasing product availability by having a flexible and 

responsive supply chain that can respond quickly to changing customer requirements (Naylor et al., 

1999). The way in which a production strategy is most tailored to customer requirements, is if a pull 

production strategy is used, and lead times between different supply chain stages are short. However, 

it is important to note that putting the CODP upstream in the supply chain has a big impact on the 

customer lead time, and is not applicable at P&G. A more feasible way of improving agility is to have 

strategically placed buffers (i.e. higher finished product inventory) to provide product availability. 

Another method of improving agility is by reducing the lead time between supply chain stages. This 

can be done for example by reducing the batch size, reducing changeover times, increasing the 

production frequency of products, etc. These measures typically require investments or tied up 

capital, meaning it is not a suitable course of action when cost efficiency is the main aim. 

In a leagile production strategy, measures are undertaken to reduce the variability of demand, to 

provide high product availability with more balanced costs (Naylor et al., 1999). Examples of such 

measures are product differentiation postponement and location postponement. 

3.1.2. P&G input 
While supply chain segmentation at P&G is still under development, there are some SMOs and some 

product categories that have already tried implementing different operating strategies. Furthermore, 

there are already quite some thoughts about what kind of possibilities and constraints there are to 

the differentiation of operating strategies. The input in this section is based on interviews with more 

than twenty business process experts and four supply chain leaders at P&G. 

There are several examples of the actions that have been undertaken by P&G to increase agility in the 

supply chain. In category C, the changeover time for switching production to another product has 



 

28 
 

 

been reduced dramatically. Furthermore, the setup of the production lines has been changed, such 

that some products can be produced on multiple production lines, increasing the production 

flexibility.  

Additionally, in the inventory management process in some product categories, the system which 

proposes safety stock levels takes different CFR targets into account for the different segments. This 

system also aims to be able to cover more variability in demand for SPA segment with increased 

inventory. Nevertheless, a drawback of this system is that it is often manually overwritten by the 

DRP, who currently have no explicit way of incorporating the segmentation input in their overwrites. 

Thus, this inventory management process provides a wide area of opportunities for implementing 

different supply chain settings. 

In the production planning process, there are still some opportunities for implementing different 

supply chain strategies as viewed by P&G. P&G expects to have a higher production frequency for its 

SPA products as compared to the CED products. A way in which this could be incorporated is to 

increase penalty costs of losing demand for SPA products in the system that proposes a production 

schedule (based on linear optimization). This should ensure more priority in production for SPA 

products. A drawback of merely implementing such a feature in the production planning tool is that 

this tool is also often overwritten by the SIP. 

What becomes clear from the opportunities identified at P&G is that the people that are involved in 

the supply chain process are very important in implementing differentiated operating strategies. 

Because of the manual overwrite process that is often seen, these experts need to be aware on what 

the effective differentiated operational strategies are, such that this can be considered in their 

overwrites. To enhance this awareness, the operating strategies must be communicated in a simple 

and effective way.  

3.2. Supply chain performance improvement strategies 
In section 3.2.1, the findings from literature about different supply chain improvement strategies are 

discussed. These findings are based on Van Hezewijk (2018). In section 3.2.2, a discussion follows on 

the improvement strategies that are considered by P&G. 

3.2.1. Literature review 
Van Hezewijk (2018) describes four ways of improving SC performance, discussed in the following 

sections. 

3.2.1.1. Production policies 
To improve the service level provided by the production plant, several actions could be taken. First 

of all, different production sequencing rules can be used to align production with performance 

objectives (Nahmias, 2009c). In cases of restricted production capacity, the implementation of 

priorities in production planning is very relevant (Garbe and Glazebrook, 1998). In such cases, it is 

also relevant to aim for reducing cycle times by finding the optimal batch size for production, 

reducing the utilization rates (as this will reduce queuing of production jobs) and reducing the 

variability in production times (Hopp and Spearman, 2011). 

3.2.1.2. Inventory management policies 
A way in which SC performance can often be improved is by implementing multi-echelon inventory 

policies instead of installation stock policies. Multi-echelon policies consider inventory levels at 
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different locations, as well as the lead time between the different locations, and is thus often expected 

to have a more complete view of the SC landscape, and can provide more intelligent safety stock 

proposals (Hua and Willems, 2016).  

3.2.1.3. Transshipment policies 
Transshipments are found by many authors to be advantageous. Transshipments means sharing 

inventory by multiple members of the same SC echelon, by the shipping products from one echelon 

location to another (Paterson, Kiesmüller, Teunter, and Glazebrook, 2011). In such a situation, the 

variability of demand and risks of being out of stock are pooled, allowing for a higher service level at 

more balanced costs. Proactive transshipments take place before stock outs occur in an attempt to 

redistribute the inventory to the point in the supply chain where it is most needed. Proactive 

transshipments are more suitable than reactive transshipments in the FMCG environment, because 

unmet demand is often lost. Especially when the variability of demand is high and high service levels 

are required (i.e. SPA products), transshipments can be beneficial. 

3.2.1.4. Integrating production and inventory management 
Several authors emphasize the importance of integrating production and inventory management, for 

example by taking into account the utilization rate of the production location when setting safety 

stocks (Jung, Blau, Pekny, Reklaitis, and Eversdyk, 2008). In this case, if the production capacity is 

known to be scarce, the safety stock levels should be increased. Sox, Thomas and McClain (1997) 

additionally argue that it is more useful to keep safety stocks for products with high demand, and 

then give products with low demand priority in production, as this can achieve the same service with 

less inventory. This seems to contradict the aim to be more agile by having a higher production 

frequency for the SPA products (i.e. high volume products with high service requirements). 

3.2.2. P&G input 
P&G is already involved in implementing some of the measures as described in the previous section. 

Furthermore, they are also conducting two major improvement projects that are unrelated to the 

ones as described in section 3.2.1.  

3.2.2.1. Production policies 
At P&G, the production planner uses a scheduling heuristic that is based on linear optimization, which 

takes into account a wide variety of costs, as discussed in section 3.1. In the manual overwrite 

process, the SIP uses production priorities in planning, based on the risk of cutting orders from 

customers. Another priority that could be taken into account here is the segment of the product, and 

giving SPA products a higher priority in production than CED products.  

3.2.2.2. Inventory management policies 
P&G is currently in the process of transitioning from a single-echelon inventory management tool to 

a multi-echelon tool, with the aim to reduce the efforts needed by DRPs in overwriting the safety 

stock proposals. This tool is also expected to take into account differentiated CFR targets per product. 

3.2.2.3. Transshipment policies 
At P&G occasionally shuttling occurs, which is similar to the proactive transshipments as described 

in literature. However, this is still a quite manual process, and is based on the expertise of the DRP 

that performs this process. There is a lot of opportunity in automating and optimizing shuttling. 
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3.2.2.4. Integrating production and inventory 
The production constraints (e.g. production frequency, batch size) are considered when the 

inventory management tool proposes a safety stock level. Furthermore, the DRP also use their 

experience to increase safety stock levels for products for which they know there is restricted 

capacity available. However, because of the manual overwrite, it is unclear whether these constraints 

are translated into the final safety stock level. 

3.2.2.5. Other improvement measures 
P&G is involved in two other improvement projects. First of all, they aim to improve the forecasting 

accuracy, by creating a system that improves the possibility of information and forecast sharing with 

the customers. This system is ultimately aimed at improving forecasting accuracy, and providing 

more accurate forecasts longer in advance, which allows the supply chain to better match the supply 

to the demand. The second project aimed to improve the match between supply and demand is to 

improve Advanced Order Visibility. Some customers place orders quite some time in advance of when 

they want to receive the orders. These customers expect the orders that were placed further in 

advance to have a higher service level. However, it is not visible in the systems used in the P&G supply 

chain to view when the order was placed, and whether this order should be prioritized accordingly.  

3.3. Proposed supply chain interventions 
Based on the analysis in this chapter, five supply chain interventions are considered relevant to 

further investigate in this thesis. These interventions were selected based on their feasibility of 

implementing at P&G. Interventions were considered feasible if they did not require enormous 

capital investments (e.g. speeding up machines, buying new machines), and if they did not contain 

complex computation algorithms, as this would be difficult to implement in the daily work processes 

in the supply chain. Since there is still a lot of manual input in the supply chain process, the 

interventions need to be simple enough to be integrated in someone’s daily process, and not just be 

feasible for solving by complex computer programs. Furthermore, the interventions had to be mainly 

focused on the internal supply chain, not on relationships with suppliers or customers, as this is 

beyond the scope of the research. The proposed supply chain interventions are listed below: 

1. Adapt safety stocks per segment  

2. Adapt production batch size per segment  

3. Adapt production frequency per segment 

4. Adapt production priorities based on segment 

5. Adapt transshipment policies per segment  

While there are six segments resulting from the SPACED framework, in the operational strategies the 

main supply chain interventions are focused on two cluster-segments: SPA and CED. This is because 

these two clusters have the most difference in supply chain objectives: SPA is focused on improving 

service while CED is improving efficiency. In the next chapter, the supply chain scope is described, 

and it is evaluated if all of these proposed interventions can be applied in this research. 
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Chapter 4. Case study – model 

In this chapter, the case study regarding differentiated operational strategies is described. In the case 

study, different operating strategies are simulated for a specific supply chain scope, to evaluate the 

effectiveness of different operational strategies. In section 4.1, the selected supply chain scope is 

described. Then in section 4.2 the model of the selected supply chain scope is described. In Chapter 

5, the simulation model of the case study is described, along with the results of the scenario analysis. 

An overview of the assumptions made in this chapter can be found in Appendix C. 

4.1. Selected supply chain scope 
To investigate the effects of different operating strategies on supply chain performance, a specific 

case study category was chosen as the scope for this study. P&G has 31 production plants in Europe, 

that all produce different products. For all these different plants, the production process looks very 

different. For example, some products may be subject to quality control, or may have different 

changeover constraints. It is infeasible to investigate the effects of different supply chain settings at 

all the plants, so one specific case study category is chosen, more specifically one line of products 

with similar production constraints (i.e. a sub-category, as discussed in section 2.2.3.1).  

4.1.1. Reasons for selection 
Two sub-categories (F.1 and C.1) were identified with the company supervisor as potentially suitable 

for case study, because of their available organizational resources for the thesis. To ensure 

generalizability to the other product categories, it is important that the product sub-category that is 

chosen as the case study scope produces products for both FR and BNL, and has two DCs  (Amiens 

and Rumst) through which the products are shipped to the final customer. This allows for an analysis 

of how different segments at different DCs impact the production strategy, and it shows how 

inventory strategies can be differentiated for a product at 2 DCs. Furthermore, the sales volume that 

is sold in this case study category should be substantial to have impactful results.  

Evaluation of both sub-categories showed that only sub-category C.1 ships products both in FR and 

BNL, and has two DCs through which products are shipped to the customers. Furthermore, the sales 

volume of C.1 is 12.0% of the total P&G FBNL sales volume, while for F.1 the sales volume is only 

1.9% of total FBNL sales volume. This leads to the conclusion that C.1 is the most relevant scope for 

the case study, as it would give more generalizable results. Within C.1, 3 out of 9 production lines 

were chosen as scope of investigation, because they produce 67.4% of the C.1 volume for the FBNL 

market. Additionally, some of the products in this scope can be produced on multiple production lines 

at different speeds, which is a realistic situation for other product categories as well, thus increasing 

the generalizability of results of the case study. 

4.1.2. Case study scope description 
The C.1 sub-category consists of laundry detergent in the form of liquid. These liquids are sold in 

bottles of various brands, sizes, fragrances and purposes. Furthermore, the number of bottles that is 

put in a case that is sold to the retailer may differ per product. Overall, there are 135 SKUs in C.1, with 

88 SKUs on the three chosen production lines. C.1 products are produced at the manufacturing plant 

in Amiens for the whole European continent. The C.1 product line in FBNL went through a major 

change in the period of January to March 2018, as the bottles were redesigned, and the production 
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strategy was changed. In the case study, the new production strategy is modeled, as it is most relevant 

to find effective supply chain interventions for the current strategy, instead of old strategies that are 

no longer in use.  

4.1.3. Case study time period 
For the case study, only for 20 weeks there was enough data available about the forecasts and 

demand. These 20 weeks were from 2017-2018. The demand in this period is shown in relation the 

overall demand history for category C in Figure 10. It is concluded by visual inspection that the case 

study period is quite representative for the general demand, as it exhibits several demand peaks. It 

is noticeable that the case study period does not include the big demand spikes as seen around week 

37 and week 89. These demand spikes are an annual returning event, that is prepared for using 

several types of special supply chain interventions (i.e. hiring additional temporary staff, additional 

production shifts). Therefore, including these demand spikes in the case study period is not 

representative of the general supply chain process, and can thus be left out of scope. 

 

Figure 10: Case study time period 

4.1.4. General supply chain description 

 

Figure 11: General supply chain process laundry liquids 

The general process of producing and shipping the products in C.1 is shown in Figure 11. As stated 

in Chapter 2, the supply chain process leading up to the P&G DC is out of scope, and raw material 

supply is assumed to be infinite. Thus, any problems that might occur because raw materials are not 

available are not considered in this case study. When a product is produced in the production plant, 

first the ingredients are mixed to make the right liquid for the bottle. Then, the bottles are filled with 

the liquid, labels are put on the bottles, and the bottles are packed into cases. After the cases are filled, 

they are moved to the outbound area of the production plant, and from there are transported to the 

DCs. When changing production to a different product, there is a certain changeover time required.  



 

33 
 

 

Descriptive statistics for the 88 products in the case study scope are shown in Table 10, based on 

shipment and CFR data from the case study period. This shows that the majority of the demand is 

sold in the French market. Furthermore, Table 10 shows there are 3 products that are sold both in 

FR and BNL. For these ‘shared SKUs’, the demand is bigger in FR than in BNL. Because there are only 

3 shared SKUs with a relatively small volume, the proposed intervention of improving the 

transshipment policy is not applicable in this research. Nevertheless, because the currently limited 

occurrence of shuttling at P&G, studying this scope would still provide relevant and generalizable 

insights.  

Table 10: Descriptive statistics case study scope 

 FR BNL Shared 

Demand 73.6% 23.3% 3.1% 

# SKUs 57 28 3 

In Table 11, an overview is shown of the production lines (named C4, C5 and C6) and the products 

that they can produce. For products that can be produced on both line C4 and C5, the C4 line can 

produce 19.6% more volume in one hour than the C5 line. From Table 11, it is seen that products for 

FR can be produced more flexibly (on more lines) than the products for the BNL market, because the 

BNL products are only made on one set of production lines. Furthermore, it is clear that the capacity 

is the most restricted on line C4 and C5, because these lines need to produce 62% of the volume but 

only have 48% of the production capacity available. Additionally, the percentage of volume in SPA is 

relatively high on these lines (~80%), indicating that these are critical production lines.  

Table 11: Descriptive statistics case study production lines 

 # of 

SKUs 

# of SKUs 

in SPA 

% of FR 

volume 

% of BNL 

volume 

% of total 

volume 

% of volume 

in SPA 

% of 

capacity 

C4 23 8 4.6% 51.9% 16.9% 69.9% 22.3% 

C4&C5 17 9 60.0% 0.1% 44.4% 83.1%  

C5 7 5 0.4% 2.6% 1.0% 99.6% 26.0% 

C6 41 24 35.0% 45.4% 37.7% 76.7% 51.7% 

4.2. Model of case study scope 
In this section, first the modeling approach is described that was used to build the model of the case 

study scope. This is followed by a step by step description of the model.  

4.2.1. Modeling approach 
According to Law (2007), there are five steps that need to be followed to create a valid model, which 

is used as a representation of the system (in this thesis the case study scope) that is being studied. 

The first three steps are concerned with the input of the model, and described in this section. The last 

two steps are concerned with the output of the model, and are described in section 5.1.5.  

First of all, the model should be developed on the basis of high-quality information, such that the 

model reflects the system correctly. In this thesis, this was done by interacting with the Subject 

Matter Experts (SMEs) in the supply chain. In developing this model, the SIP, DRP, Supply Planning 

Leader, Operations Leader and company supervisor were interviewed to describe the production 

and inventory management process. In these interviews, their daily workflows and decision-making 
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processes were discussed. Additionally, one daily cycle in the replenishment ordering and production 

planning was observed at the location of the production plant.  

The second step is to interact regularly with the manager, to keep the objectives of the study aligned, 

and to go through the assumptions. During the modeling, there were weekly update meetings during 

which the model was discussed.  

The third step is to track the assumptions, and walk through the model and these assumptions with 

the SMEs, which was also done. An overview of all assumptions can be found in Appendix C. 

4.2.2. Overall model 

 

Figure 12: Events in case study supply chain 

The relevant events that occur in the supply chain scope are illustrated in Figure 12. The events are 

numbered for convenience, in the order that they occur. On a daily basis, the DC first receives 

incoming shipments from the production plant (1). Then, customer orders are satisfied by the DC (2). 

After this, the PSC generates replenishment orders based on the inventory on hand and reorder levels 

(3). Based on these replenishment orders, production orders and a production plan for the next day 

are generated by the PSC (4). Then, a day later, the production orders are produced in the plant (5), 

after which they are shipped to the DC which ordered them (6). The DC receives the shipments the 

next day (1). The shipments are received by the DC at the beginning of the day, so they are 

immediately available for satisfying customer orders. Furthermore, on a monthly basis, the PSC 

reviews the reorder levels (7). 

Each of the events is described in more detail in subsections 4.2.4-4.2.10. Some simplifying 

assumptions had to be made as well, which are also documented in the subsections. The notation that 

is used in the model is introduced in the following subsection. 

4.2.3. Model notation 
- 𝑆𝐾𝑈𝑠 =  {1, 2, … ,88}: the set of SKUs, 𝑖 ∈ 𝑆𝐾𝑈𝑠 

- 𝐷𝐶𝑠 = {𝑓𝑟, 𝑏𝑛𝑙}: the set of DC locations, 𝑙 ∈ 𝐷𝐶𝑠 

- 𝑇 = {0,1,2,… }: the set of time periods (days) in the simulation length, 𝑡 ∈ 𝑇 

- 𝑆 = {1,2,3,4,5,6}: the set of segments, with the numbers corresponding to SPACED segments 

(1=S, 2=P, 3=A, 4=C, 5=E, 6=D).  

- 𝑀 = {𝐶4, 𝐶5, 𝐶6}: the set of production lines (i.e. machines), 𝑚 ∈ 𝑀 

- 𝐴 = {1, 2, … ,32}: the potential assignment of products on machines, 𝑎 ∈ 𝐴 
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Table 12: Model notation 

Variable Description Events 

𝑰𝑶𝑯𝒊,𝒕,𝒍
𝒃𝒆𝒇𝒐𝒓𝒆

 
Inventory on hand of product 𝑖 in location 𝑙 on day 𝑡, before satisfying 

customer orders 
1, 2 

𝑰𝑶𝑯𝒊,𝒕,𝒍
𝒂𝒇𝒕𝒆𝒓

 
Inventory on hand of product 𝑖 in location 𝑙 on day 𝑡, after satisfying 

customer orders 

1, 2, 3, 

KPI 

𝑫𝑸𝒊,𝒕,𝒍 Delivered quantity of product 𝑖 to location 𝑙 on day 𝑡 1, 3, 6 

𝑺𝑫𝒊,𝒕,𝒍 Satisfied demand of product 𝑖 in location 𝑙 on day 𝑡 2, KPI 

𝑫𝒊,𝒕,𝒍 Customer demand of product 𝑖 at location 𝑙 on day 𝑡 2, KPI 

𝑭𝒊,𝒕,𝒍 Forecasted demand of product 𝑖 at location 𝑙 on day 𝑡 3 

𝒅𝒊,𝒕,𝒍(𝟐𝟔 − 𝒙) Demand for product 𝑖 in location 𝑙 on day 𝑡, known 𝑥 days in advance 3 

𝒇𝒊,𝒕,𝒍(𝒙) 
Forecast of product 𝑖 in location 𝑙 known on day 𝑡, 𝑥 − 1 days ahead, for 

the next 20 days, where 𝑓𝑖,𝑡,𝑙(1) is the forecast for day 𝑡. 
3 

𝑳𝒍 
Lead time between order replenishment and receiving shipment for 

location 𝑙 
3 

𝑰𝑷𝒊,𝒕,𝒍 Inventory position of product 𝑖 in location 𝑙 on day 𝑡 3 

𝑷𝑺𝑫𝒊,𝒕,𝒍 
Projected stock of product 𝑖 in location 𝑙 on day 𝑡, considering known 

demand 
3 

𝑷𝑺𝑭𝒊,𝒕,𝒍 
Projected stock of product 𝑖 in location 𝑙 on day 𝑡, considering forecasted 

demand 
3 

𝑲𝑫𝒊,𝒕,𝒍 Known demand of product 𝑖 in location 𝑙 on day 𝑡, during period 𝐿𝑙 3 

𝑲𝑭𝒊,𝒕,𝒍 Known forecast of product 𝑖 in location 𝑙 on day 𝑡, during period 𝐿𝑙 3 

𝑴𝑶𝑸𝒊 Minimum order quantity of product 𝑖  3 

𝑹𝑸𝒊,𝒕,𝒍 Replenishment quantity of product 𝑖 in location 𝑙 on day 𝑡 3, 4, 6 

𝑹𝑷𝒊,𝒕,𝒍 Replenishment priority of product 𝑖 in location 𝑙 on day 𝑡 3, 4, 6 

𝑹𝑳𝒊,𝒕,𝒍 Reorder level of product 𝑖 in location 𝑙 on day 𝑡 3, 7 

𝑺𝒊,𝒍
𝑫𝑪 Segment of product 𝑖 in location 𝑙  4, 6 

𝑺𝒕,𝒊
𝒑𝒍𝒂𝒏𝒕

 Segment of product 𝑖 at production plant on day 𝑡 4, 6 

𝑷𝑶𝒕,𝒊 Production order of product 𝑖 on day 𝑡 4, 6 

𝑷𝑷𝒕,𝒊 Production priority of product 𝑖 on day 𝑡 4 

𝑴𝑷𝑹𝒊 Minimum production run time of product 𝑖, in hours 4 

𝑷𝑺𝒊,𝒎,𝒂 
Production speed of product 𝑖 on machine 𝑚 in potential production 

assignment 𝑎 (in SU per hour) 
4 

𝑷𝑹𝒕,𝒊,𝒂 
Production requirement of product 𝑖 on day 𝑡 in potential production 

assignment 𝑎 
4 

𝑪𝑶 Changeover time (minutes) 4 

𝑼𝒕,𝒎,𝒂
𝒑𝒓𝒊𝒐

 
Utilization rate for priority products on day 𝑡 on machine 𝑚 in potential 

production assignment 𝑎 
4 
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𝑼𝒕,𝒎,𝒂
𝒂𝒍𝒍  

Utilization rate for all products on day 𝑡 on machine 𝑚 in potential 

production assignment 𝑎 
4 

𝑺𝒆𝒕𝟏 
The set of production assignments where both C4 and C5 can produce all 

priority products 
4 

𝑺𝒆𝒕𝟐 
The set of production assignments where both C4 and C5 cannot produce 

all priority products 
4 

𝑺𝒆𝒕𝟑 
The set of production assignments where either C4 or C5 has spare 

capacity while the other line is fully utilized 
4 

𝑪𝑨𝑷𝒕,𝒎 Capacity of machine 𝑚 on day 𝑡, in minutes 4 

𝑷𝑨𝒕 Production assignment used in production planning on day 𝑡 4 

𝑷𝑸𝒊,𝒕
𝒑𝒍𝒂𝒏𝒏𝒆𝒅

 Production quantity planned of product 𝑖 on day 𝑡 4 

𝝈𝒕,𝒎(𝒌) 

Vector that denotes the products in the order of their place 𝑘 in the queue 

for machine 𝑚 on day 𝑡, where 𝜎𝑡,𝑚,𝑘 denotes the product on place 𝑘 in 

this vector 

4 

𝑹𝑪𝒕,𝒎,𝝈𝒕,𝒎,𝒌 
Remaining capacity of machine 𝑚 on day 𝑡 after producing product 𝜎𝑡,𝑚,𝑘, 

in minutes 
4 

𝑻𝑺𝒕,𝒎,𝝈𝒕,𝒎,𝒌 
Time spent in production of machine 𝑚 on day 𝑡 after producing product 

𝜎𝑡,𝑚,𝑘, in minutes 
4 

𝑻𝑹𝒕,𝒊,𝒎 Time required for production of machine 𝑚 on day 𝑡, in minutes 4 

𝑷𝑸𝒊,𝒕 Produced quantity of product 𝑖 on day 𝑡 4, 5, 6 

𝑨𝑸𝒊,𝒕,𝒍 Allocated delivery quantity of product 𝑖 for location 𝑙 on day 𝑡 6 

𝑷𝑭𝒊 Production frequency of product 𝑖 (theoretical) 7 

𝑵𝑹𝑳𝑻𝒊,𝒍 Net replenishment lead time of product 𝑖 at location 𝑙 7 

𝑺𝒂𝒇𝒆𝒕𝒚𝒊,𝒍 The safety stock portion of the reorder level of product 𝑖 at location 𝑙 7 

𝑪𝒚𝒄𝒍𝒆𝒊,𝒍 The cycle stock portion of the reorder level of product 𝑖 at location 𝑙 7 

𝒌𝒊,𝒍 
The multiplication factor taking into account the desired service level of 

product 𝑖 at location 𝑙 (𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑇𝑎𝑟𝑔𝑒𝑡𝑖,𝑙) 
7 

𝑺𝒆𝒓𝒗𝒊𝒄𝒆𝑻𝒂𝒓𝒈𝒆𝒕𝒊,𝒍 The desired service level of product 𝑖 at location 𝑙  

𝑫𝒊,[𝒕,𝒕+𝟐𝟎],𝒍
𝒂𝒗  The average daily demand over the next month of product 𝑖 at location 𝑙 7 

𝑴𝑨𝑷𝑬𝒊,𝒍 Mean Absolute Percentage Error of product 𝑖 at location 𝑙 7 

𝑴𝑨𝑷𝑬𝒊
𝒄𝒂𝒑

 
Maximum MAPE that is taken into account in setting the safety stock for 

product 𝑖 
7 

𝑪𝑭𝑹 Case fill rate; service level KPI 

𝑰𝑵𝑽 Inventory level KPI 

 

When the subscripts are used in the equations in this chapter, the equations are applicable for all 

elements of the set the subscript belongs to (e.g. ∀ 𝑖 ∈ 𝑆𝐾𝑈𝑠), unless stated otherwise. All product 

quantities are measured in SU, because this is the common measurement unit in P&G. 
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Assumptions 

Demand and production only occur 5 days per week. This very closely resembles the actual demand 

pattern, as shown in Table 13. This table shows the percentage of the weekly volume that is requested 

for delivery on each weekday by customers. Furthermore, the production site is also only open during 

the week (only in rare exceptions on weekends). 

Table 13: Total weekly demand distribution 

Weekday Mon. Tue. Wed. Thu. Fri. Sat. Sun. 

% of weekly demand 19.80% 20.20% 19.36% 20.82% 19.81% 0.41% 0.02% 

4.2.4. Receive incoming shipments 
At the beginning of the day, shipments are received by the DC. These shipments are then added to 

the inventory that is on hand (2): 

 𝐼𝑂𝐻𝑖,𝑡,𝑙
𝑏𝑒𝑓𝑜𝑟𝑒

= 𝐼𝑂𝐻𝑖,𝑡−1,𝑙
𝑎𝑓𝑡𝑒𝑟

+ 𝐷𝑄𝑖,𝑡,𝑙  (2) 

Assumptions 

All shipments arrive before customer orders are satisfied.  

4.2.5. Satisfy customer orders 
Before 11.00 every day, all customer orders that should be delivered that day are known in SAP. Some 

orders are already known several days in advance, while some orders arrive on the day itself. Only 

inventory that is on hand can be used to satisfy the customer orders (3). The inventory on hand after 

the customer orders are satisfied is calculated with equation (4).  

 𝑆𝐷𝑖,𝑡,𝑙 = 𝑚𝑖𝑛(𝐼𝑂𝐻𝑖,𝑡,𝑙
𝑏𝑒𝑓𝑜𝑟𝑒

, 𝐷𝑖,𝑡,𝑙) (3) 

 𝐼𝑂𝐻𝑖,𝑡,𝑙
𝑎𝑓𝑡𝑒𝑟

= 𝐼𝑂𝐻𝑖,𝑡,𝑙
𝑏𝑒𝑓𝑜𝑟𝑒

− 𝑆𝐷𝑖,𝑡,𝑙 (4) 

Assumptions 

- If there is not enough inventory on hand to deliver the orders, the demand is lost. In practice, it 

could happen that in case of supply issues, orders can be postponed. However, this usually 

happens in the morning before 11.00, so then the customer order is already put on a later date. 

- No inventory is reserved for specific customers or promotions. In practice, this is sometimes 

done, but for this case study, the overall CFR is measured, and not the customer specific CFR. 

Thus, this stock reservation is not relevant in the case study. 

4.2.6. Generate DC replenishment orders 
When generating the DC replenishment orders, an adapted (𝑅, 𝑠, 𝑛𝑄)  replenishment policy is 

followed. The review period 𝑅 is 1 day, where stock is ordered if the inventory position falls below 

reorder level 𝑠. Additionally, there is a minimum replenishment quantity (𝑄), so an integer multiple 

of this 𝑄 is ordered to get the inventory position above the reorder level 𝑠. The inventory position (5) 

takes into account the current inventory on hand, as well as the planned incoming deliveries in the 

lead time, to ensure products are not ordered multiple times if they are already on the way to the DC. 

 𝐼𝑃𝑖,𝑡,𝑙 = 𝐼𝑂𝐻𝑖,𝑡,𝑙
𝑎𝑓𝑡𝑒𝑟

+ ∑ 𝐷𝑄𝑖,𝑥,𝑙

𝑡+𝐿𝑙

𝑥=𝑡+1

 (5) 
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In the standard (𝑅, 𝑠, 𝑛𝑄) policy, the replenishment order quantity is computed. However, at P&G not 

only the replenishment order quantity is calculated, but this order is also given a priority. This 

priority is given to denote how urgent the replenishment is. For this priority, the projected stock is 

computed, based on known demand (6), and the forecasted demand (7), shown in equation (8) and 

(9). The computation of vectors for demand and forecast are further elaborated in section 5.1.1. 

 𝐾𝐷𝑖,𝑡,𝑙 =∑𝑑𝑖,𝑡+𝑥,𝑙(26 − 𝑥)

𝐿𝑙

𝑥=1

 (6) 

 𝐾𝐹𝑖,𝑡,𝑙 =∑𝑓𝑖,𝑡,𝑙(𝑥 + 1)

𝐿𝑙

𝑥=1

 (7) 

 𝑃𝑆𝐷𝑖,𝑡,𝑙 = 𝐼𝑃𝑖.𝑡,𝑙 −𝐾𝐷𝑖,𝑡,𝑙 (8) 

 𝑃𝑆𝐹𝑖,𝑡,𝑙 = 𝐼𝑃𝑖,𝑡,𝑙 −𝐾𝐹𝑖,𝑡,𝑙 (9) 

If the projection is to go out of stock, a replenishment order quantity is generated to cover the known 

demand or known forecast, as well as replenishing to get the inventory position above the reorder 

level (10). This is different from the regular (𝑅, 𝑠, 𝑛𝑄) policy, which just aims to order to get above 

the reorder level (𝑠), and does not take this known demand or forecast into account. At P&G, the 

minimum order quantity is a pallet. Furthermore, depending on whether the projection is to go out 

of stock (either because of known demand, or because of forecasted demand), or whether the 

inventory position is below 65% of the reorder level, different priorities are given to the 

replenishment orders (11).  

 𝑅𝑄𝑖,𝑡,𝑙 =

{
 
 
 

 
 
 ⌈
max(𝐾𝐷𝑖,𝑡,𝑙 , 𝐾𝐹𝑖,𝑡,𝑙) + 𝑅𝐿𝑖,𝑡,𝑙 − 𝐼𝑃𝑖,𝑡,𝑙

𝑀𝑂𝑄𝑖
⌉ ∗ 𝑀𝑂𝑄𝑖 𝑖𝑓 𝑃𝑆𝐷𝑖,𝑡,𝑙 < 0

⌈
𝐾𝐹𝑖,𝑡,𝑙 + 𝑅𝐿𝑖,𝑡,𝑙 − 𝐼𝑃𝑖,𝑡,𝑙

𝑀𝑂𝑄𝑖
⌉ ∗ 𝑀𝑂𝑄𝑖 𝑒𝑙𝑠𝑒 𝑖𝑓 𝑃𝑆𝐹𝑖,𝑡,𝑙 < 0

⌈
𝑅𝐿𝑖,𝑡,𝑙 − 𝐼𝑃𝑖,𝑡,𝑙

𝑀𝑂𝑄𝑖
⌉ ∗ 𝑀𝑂𝑄𝑖 𝑒𝑙𝑠𝑒 𝑖𝑓 𝐼𝑃𝑖,𝑡,𝑙 < 𝑅𝐿𝑖,𝑡,𝑙

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (10) 

  𝑅𝑃𝑖,𝑡,𝑙 =

{
 
 

 
 
1 𝑖𝑓 𝑃𝑆𝐷𝑖,𝑡,𝑙 < 0

2 𝑒𝑙𝑠𝑒 𝑖𝑓 𝑃𝑆𝐹𝑖,𝑡,𝑙 < 0

3 𝑒𝑙𝑠𝑒 𝑖𝑓 𝐼𝑃𝑖,𝑡,𝑙 < 0.65 ∗ 𝑅𝐿𝑖,𝑡,𝑙
4 𝑒𝑙𝑠𝑒 𝑖𝑓 𝐼𝑃𝑖,𝑡,𝑙 < 𝑅𝐿𝑖,𝑡,𝑙
5 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (11) 

The DC replenishment orders are generated daily, ignoring the production frequency at the plant. 

4.2.7. Generate production orders and plans 
In the production plants, the replenishment orders of both DCs are consolidated and produced in one 

batch (12). It could happen that the replenishment priorities for the two DCs is different, in which 

case the highest priority (i.e. minimum 𝑅𝑃𝑖,𝑡,𝑙) is taken for production (13).  

 𝑃𝑂𝑖,𝑡 = ∑ 𝑅𝑄𝑖,𝑡,𝑙
𝑙∈𝐷𝐶𝑠

 (12) 

 𝑃𝑃𝑖,𝑡 = min
𝑙∈𝐷𝐶𝑠

(𝑅𝑃𝑖,𝑡,𝑙) (13) 
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For determining the production plan, first it is decided how the products are assigned to the 

production lines (because some products can be produced on multiple lines), discussed in section 

4.2.7.1. After this, the production is planned, discussed in section 4.2.7.2. In production planning, 

currently there is no constraint that takes into account the production frequency. For instance, if the 

production strategy states that a product can be produced once per week, and it was produced 

yesterday, the product can be produced again today, ignoring this production frequency as specified 

in the production strategy.  

4.2.7.1. Choosing a production assignment combination 
As explained before, 17 products (i.e. ‘flexible’ products) can be produced on multiple production 

lines. Thus, when planning production, it needs to be decided daily to which production line a product 

is assigned. The possible assignment of products to a production line is referred to as Possible 

Assignment Combination (PAC). The SIP minimizes the time spent in changeovers. The time of 

changing over production between two different bottle sizes is the longest. Thus, to minimize 

changeover time, a bottle size can only be produced on one line each day. The 17 flexible products 

have 5 different product sizes. This means that the number of PACs each day is 25 = 32.  

The SIP chooses the PAC with the most spare capacity available. In the model, this is done by 

computing the utilization rate (i.e. the time that the production line is busy producing orders) for 

each of the PACs, and then investigating which PAC has the most desirable utilization rate.  

To compute the utilization rate, the time spent in production is needed. When a product is produced 

on the line, there is a minimum batch size that must be produced. In the production plant, this batch 

size is related to the machine time. The minimum run time for one product’s production is 1 hour, 

which means that the minimum batch size for production is equal to the hourly production speed of 

a product at the line. However, the production does not have to be run in multiples of this batch size, 

but can be cut off and changed to another product at any time. The production requirement for each 

product must be computed for each different combination (14), because the production speed at the 

different production lines differs, and as such the minimum batch size can differ too.  

 𝑃𝑅𝑡,𝑖,𝑎 = {
max (𝑃𝑂𝑖,𝑡, 𝑀𝑃𝑅𝑖 ∗ max

𝑚∈𝑀
(𝑃𝑆𝑖,𝑚,𝑎)) 𝑖𝑓 𝑃𝑂𝑖,𝑡 > 0

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (14) 

Between producing two products, there is a changeover time, to change the setup of the machine. 

During this time, the machine is unavailable for production, so this changeover time is also added to 

the time spent on production in the utilization rate.  

When deciding which PAC has the most spare capacity available, it is also relevant to distinguish 

between spare capacity after planning production for products with a high production priority, and 

spare capacity after planning production for all requested products. The utilization rate is computed 

twice: for planning only production for products with a high production priority (15), and for 

planning production for all requested products (16). 

 
𝑈𝑡,𝑚,𝑎
𝑝𝑟𝑖𝑜

=

∑ (
𝑃𝑅𝑡,𝑖,𝑎
𝑃𝑆𝑖,𝑚,𝑎

+ 𝟏(𝑃𝑆𝑖,𝑚,𝑎 > 0 ∧ 𝑃𝑅𝑡,𝑖,𝑎 > 0) ∗ 𝐶𝑂) ∗ 𝟏(𝑃𝑃𝑖,𝑡 ≤ 2)𝑖∈𝐹𝑃𝐶𝑠

𝐶𝐴𝑃𝑡,𝑚
 

(15) 

 
𝑈𝑡,𝑚,𝑎
𝑎𝑙𝑙 =

∑ (
𝑃𝑅𝑡,𝑖,𝑎
𝑃𝑆𝑖,𝑚,𝑎

+ 𝟏(𝑃𝑆𝑖,𝑚,𝑎 > 0 ∧ 𝑃𝑅𝑡,𝑖,𝑎 > 0) ∗ 𝐶𝑂)𝑖∈𝐹𝑃𝐶𝑠

𝐶𝐴𝑃𝑡,𝑚
 

(16) 
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 𝟏(𝑥) = {
1 𝑖𝑓 𝑥 𝑖𝑠 𝑡𝑟𝑢𝑒
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (17) 

The PAC with the lowest utilization rate for priority production is chosen (i.e. with the most spare 

capacity left after production of priority products), because this is the best PAC for satisfying most of 

the urgent production requirements. Because the utilization rate is always the same for line C6, only 

the utilization rates of line C4 and C5 are compared for each PAC. When comparing the utilization 

rate for priority products, there are 3 possibilities: 

- Both C4 and C5 can produce all priority products (i.e. have spare capacity) – Set 1 (18) 

 𝑆𝑒𝑡1 = {𝑐:max(𝑈𝑡,𝐶4,𝑎
𝑝𝑟𝑖𝑜

, 𝑈𝑡,𝐶5,𝑎
𝑝𝑟𝑖𝑜

) ≤ 1} (18) 

o Within set 1, choose the PAC which has the most spare capacity when producing all 

products  

- Both C4 and C5 cannot produce all priority products (i.e. have no spare capacity) – Set 2 (19) 

 𝑆𝑒𝑡2 = {𝑐:min(𝑈𝑡,𝐶4,𝑎
𝑝𝑟𝑖𝑜

, 𝑈𝑡,𝐶5,𝑎
𝑝𝑟𝑖𝑜

) ≥ 1 ∧ max(𝑈𝑡,𝐶4,𝑎
𝑝𝑟𝑖𝑜

, 𝑈𝑡,𝐶5,𝑎
𝑝𝑟𝑖𝑜

) > 1} (19) 

o Within set 2, choose the PAC which has the least priority production requirements that 

cannot be produced 

- Either C4 or C5 has spare capacity after producing priority products while the other line is fully 

utilized for priority production – Set 3 (20) 

 𝑆𝑒𝑡3 = {𝑐:min(𝑈𝑡,𝐶4,𝑎
𝑝𝑟𝑖𝑜

, 𝑈𝑡,𝐶5,𝑎
𝑝𝑟𝑖𝑜

) < 1 ∧ max(𝑈𝑡,𝐶4,𝑎
𝑝𝑟𝑖𝑜

, 𝑈𝑡,𝐶5,𝑎
𝑝𝑟𝑖𝑜

) > 1} (20) 

o Within set 3, choose the PAC which uses the most capacity of all lines for priority products 

The mathematical notation for choosing the PAC is shown in equation (21). A PAC is chosen from 

Set1 if possible, because in the combinations in Set1, all priority products can be produced. If this is 

not possible, a combination from Set2 is chosen, because this ensures that all of the production time 

is spent on producing priority products (and not ‘wasted’ on less critical products). If this is not 

possible, the combination from Set3 is chosen, which utilizes the most capacity for priority products. 

 𝑃𝐴𝑡 ∈

{
 
 

 
 
argmin
𝑐𝜖𝑆𝑒𝑡1

(𝑈𝑡,𝐶4,𝑎
𝑎𝑙𝑙 + 𝑈𝑡,𝐶5,𝑎

𝑎𝑙𝑙 ) 𝑖𝑓 𝑆𝑒𝑡1 ≠ ∅

argmin
𝑐𝜖𝑆𝑒𝑡2

(𝑈𝑡,𝐶4,𝑎
𝑝𝑟𝑖𝑜

+ 𝑈𝑡,𝐶5,𝑎
𝑝𝑟𝑖𝑜

) 𝑒𝑙𝑠𝑒 𝑖𝑓 𝑆𝑒𝑡2 ≠ ∅

argmax
𝑐𝜖𝑆𝑒𝑡3

(min(𝑈𝑡,𝐶4,𝑎
𝑝𝑟𝑖𝑜

, 𝑈𝑡,𝐶5,𝑎
𝑝𝑟𝑖𝑜

))  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

 (21) 

4.2.7.2. Planning production 
When the PAC is chosen, the production is planned. A general guideline used in the production 

planning process is that in case of ample capacity (i.e. 𝑈𝑡,𝑚,𝑎
𝑎𝑙𝑙 < 1), it does not matter how the products 

are scheduled, because they are all produced. However, when the capacity is limited, and not all 

products can be produced, products with the highest priority are produced first.  

In production planning, the production requirements are ranked in terms of priority, resulting in a 

production order of (𝜎𝑡,𝑚,1, 𝜎𝑡,𝑚,2, … , 𝜎𝑡,𝑚,𝑘 , … ), where 𝑘 denotes the product in place 𝑘 in the queue 

for the production line. In this order, the products are also planned for production on the production 

lines. Currently, the segment of a product is not considered in this ordering. First, the time required 

for production is computed (22), given the minimum production run time. The production order that 

is first in the order (𝜎𝑡,𝑚,1) is fully produced if the capacity is available, otherwise as much as possible 

is produced within the remaining capacity available. Equation (23) shows how the produced quantity 

of a product is computed.  At the start of the planning,  𝑇𝑆𝑡,𝑚,𝜎𝑡,𝑚,0 = 0. After planning production of 
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𝜎𝑡,𝑚,𝑘, the time that is spent on day 𝑡 up to the production of product 𝜎𝑡,𝑚,𝑘 is computed (24), and 

used to compute the remaining capacity on the machine for other orders (25).  

 𝑇𝑅𝑡,𝜎𝑡,𝑚,𝑘,𝑚 =
𝑃𝑅𝑡,𝜎𝑡,𝑚,𝑘,𝑃𝐴𝑡

𝑃𝑆𝜎𝑡,𝑚,𝑘,𝑚,𝑃𝐴𝑡
  (22) 

 𝑃𝑄𝜎𝑡,𝑚,𝑘,𝑡
𝑝𝑙𝑎𝑛𝑛𝑒𝑑

= {

𝑃𝑅𝜎𝑡,𝑚,𝑘,𝑃𝐴𝑡 𝑖𝑓 (𝑇𝑅𝑡,𝜎𝑡,𝑚,𝑘,𝑚 ≤ 𝑅𝐶𝑡,𝑚,𝜎𝑡,𝑚,𝑘−1)

𝑅𝐶𝑡,𝑚,𝜎𝑡,𝑚,𝑘−1
60

∗ 𝑃𝑆𝜎𝑡,𝑚,𝑘,𝑚,𝑃𝐴𝑡 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (23) 

 𝑇𝑆𝑡,𝑚,𝜎𝑡,𝑚,𝑘 = 𝑇𝑆𝑡,𝑚,𝜎𝑡,𝑚,𝑘−1 +
𝑃𝑄𝜎𝑡,𝑚,𝑘,𝑡

𝑝𝑙𝑎𝑛𝑛𝑒𝑑

𝑃𝑆𝜎𝑡,𝑚,𝑘,𝑚,𝑃𝐴𝑡
∗ 60 + 𝐶𝑂 ∗ 𝟏(𝑇𝑅𝑡,𝜎𝑡,𝑚,𝑘,𝑚 ≤ 𝑅𝐶𝑡,𝑚,𝜎𝑡,𝑚,𝑘−1) (24) 

 𝑅𝐶𝑡,𝑚,𝜎𝑡,𝑚,𝑘 = 𝐶𝐴𝑃𝑡,𝑚 − 𝑇𝑆𝑡,𝑚,𝜎𝑡,𝑚,𝑘  (25) 

After finishing planning one product, using the formulas 22-25, the next product in the ranking is 

planned (𝜎𝑡,𝑚,𝑘+1) using the same formulas, so these formulas are used in a loop, illustrated in Figure 

13. Note that the time spent in production can never be larger than the available capacity. 

 

Figure 13: Production sequencing loop 

Assumptions 

- A generic changeover time of 10 minutes between producing two different products is assumed. 

In practice, the changeover time is targeted to be between 7 and 15 minutes, depending on 

whether it is a small changeover (changing the brand label) or a big change (changing the bottle 

size). However, because of the limited capacity for FBNL, there will only be a limited amount of 

changeovers during the production, so these few differences in minutes are not expected to have 

a major impact in the model. 

- A bottle size can only be produced on one production line each day.  

- Products are always planned for production the next day, not earlier. 

4.2.8. Produce production orders 
The products are produced on the day after which the production is planned (26).  

 𝑃𝑄𝑡+1,𝑖 = 𝑃𝑄𝑖,𝑡
𝑝𝑙𝑎𝑛𝑛𝑒𝑑

 (26) 
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Assumptions 

- No breakdowns during production occur, and the production times are deterministic. The 

production times that are used in the model are computed by the PSC and already are reduced 

by the unplanned productivity losses that were observed in the historical production rates.  

- No quality issues occur during the production, leading to a batch that is thrown away. In practice 

it is extremely rare that a quality issue occurs in the production of these products.  

- There is no production frequency constraint, i.e. products can be produced on any day. 

4.2.9. Deliver replenishment orders 
The produced quantity of products is allocated to the different DCs if the product was ordered by 

both DCs. If enough was produced to cover the full replenishment orders of both DCs, the DCs receive 

their full orders. If even more was produced (because of the batch size), the remainder is split 

proportionally by the order size of the DCs. Here there is not a minimum shipping quantity of a pallet, 

because all produced products leave the production plant to be stored at the DC. If a DC did not 

request a replenishment, it will not receive production. If not enough products were produced, the 

DC with the highest replenishment priority will receive its full order (if possible), the remainder is 

left for the other DC. If both DCs have the same priority, the DC with the highest segment will receive 

its full order (if possible). If the DCs have identical priorities and segments, the production is split 

proportionally to the order size of the DC. The allocated quantity is not rounded (e.g. half bottles can 

be shipped in the simulation), but this has no significant impact on the results of the model, because 

there are only three shared products, and the demand for products is so large that having a fraction 

of a product extra available does not significantly impact the CFR. The quantity of products allocated 

to FR is computed by (27), and (28) computes the quantity allocated for the BNL. The orders are 

delivered at the beginning of the day after which they are produced (29).  

 𝐴𝑄𝑖,𝑡,𝑓𝑟 =

{
 
 
 
 
 

 
 
 
 
 
𝑃𝑄𝑖,𝑡 𝑖𝑓 (𝑅𝑄𝑖,𝑡,𝑏𝑛𝑙 = 0)

0 𝑒𝑙𝑠𝑒 𝑖𝑓 (𝑅𝑄𝑖,𝑡,𝑓𝑟 = 0)

𝑅𝑄𝑖,𝑡,𝑓𝑟 +
𝑅𝑄𝑖,𝑡,𝑓𝑟

𝑃𝑂𝑖,𝑡
∗ (𝑃𝑄𝑖,𝑡 − 𝑃𝑂𝑖,𝑡) 𝑒𝑙𝑠𝑒 𝑖𝑓 (𝑃𝑄𝑖,𝑡 ≥ 𝑃𝑂𝑖,𝑡)

min (𝑅𝑄𝑖,𝑡,𝑓𝑟, 𝑃𝑄𝑖,𝑡) 𝑒𝑙𝑠𝑒 𝑖𝑓 (𝑅𝑃𝑖,𝑡,𝑓𝑟 < 𝑅𝑃𝑖,𝑡,𝑏𝑛𝑙)

𝑃𝑄𝑡,𝑖 −min (𝑅𝑄𝑖,𝑡,𝑏𝑛𝑙 , 𝑃𝑄𝑖,𝑡) 𝑒𝑙𝑠𝑒 𝑖𝑓 (𝑅𝑃𝑖,𝑡,𝑏𝑛𝑙 < 𝑅𝑃𝑖,𝑡,𝑓𝑟)

min (𝑅𝑄𝑖,𝑡,𝑓𝑟, 𝑃𝑄𝑖,𝑡) 𝑒𝑙𝑠𝑒 𝑖𝑓 (𝑆𝑖,𝑓𝑟
𝐷𝐶 < 𝑆𝑖,𝑏𝑛𝑙

𝐷𝐶 )

𝑃𝑄𝑖,𝑡 −min (𝑅𝑄𝑖,𝑡,𝑏𝑛𝑙 , 𝑃𝑄𝑖,𝑡) 𝑒𝑙𝑠𝑒 𝑖𝑓 (𝑆𝑖,𝑏𝑛𝑙
𝐷𝐶 < 𝑆𝑖,𝑓𝑟

𝐷𝐶 )

𝑃𝑄𝑖,𝑡 ∗
𝑅𝑄𝑖,𝑡,𝑓𝑟

𝑃𝑂𝑖,𝑡
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (27) 

 𝐴𝑄𝑖,𝑡,𝑏𝑛𝑙 = 𝑃𝑄𝑖,𝑡 − 𝐴𝑄𝑖,𝑡,𝑓𝑟 (28) 

 𝐷𝑄𝑖,𝑡+1,𝑙 = 𝐴𝑄𝑖,𝑡,𝑙 (29) 

Assumptions 

- The production for FBNL is finished before the cutoff time of 14.00 when the shipments to the 

DCs start. In practice, because of this early cutoff time for FBNL shipments, FBNL production is 

often planned early in the day, to reach this cutoff time. 
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4.2.10. Set reorder levels 
Every month, the reorder levels are updated. The reorder level consists of safety stock and cycle stock 

(33). The safety stock should cover the uncertainty in supply and demand during the lead time. P&G 

computes safety stock based on the forecast error (MAPE), NRLT, desired CFR (related to k-factor), 

and the expected upcoming demand, using equation (31). The NRLT is defined as the (theoretical) 

production frequency of the product plus the lead time of shipping the product from the production 

plant to the location (30). In the safety stock calculation, the MAPE of the forecast 4 weeks in advance 

of the occurrence of demand is used, because the reorder levels are set for the next 4 weeks. The 

formula used to compute the MAPE input is described in section 5.1.1.2. To limit the amount of 

uncertainty that has to be taken into account, and to prevent an explosion in the safety stock levels, 

P&G currently takes at most a MAPE of 100% into account in this safety stock calculation (34). The 

cycle stock should cover the demand during the lead time (32). 

 𝑁𝑅𝐿𝑇𝑖,𝑙 = 𝑃𝐹𝑖 + 𝐿𝑙 (30) 

 𝑆𝑎𝑓𝑒𝑡𝑦𝑖,𝑙 = 1.25 ∗ 𝑘𝑖,𝑙 ∗ min (𝑀𝐴𝑃𝐸𝑖,𝑡,𝑙
𝑤𝑒𝑒𝑘𝑙𝑦

,𝑀𝐴𝑃𝐸𝑖
𝑐𝑎𝑝
) ∗ √5 ∗ 𝑁𝑅𝐿𝑇𝑖,𝑙 ∗ 𝐷𝑖,[𝑡,𝑡+20],𝑙

𝑎𝑣  (31) 

 𝐶𝑦𝑐𝑙𝑒𝑖,𝑙 = 𝑁𝑅𝐿𝑇𝑖,𝑙 ∗ 𝐷𝑖,[𝑡,𝑡+20],𝑙
𝑎𝑣  (32) 

 𝑅𝐿𝑖,[𝑡,𝑡+20],𝑙 = 𝑆𝑎𝑓𝑒𝑡𝑦𝑖,𝑙 + 𝐶𝑦𝑐𝑙𝑒𝑖,𝑙  (33) 

 𝑀𝐴𝑃𝐸𝑖
𝑐𝑎𝑝

= 1 (34) 

The value of the k-factor is not available. However, this factor is said to be mainly influenced by the 

target CFR (i.e. increases with a higher CFR target), and ranges from 1.5 to 3. Therefore, in this model 

and scope, the k-factor is approximated by computing the quantile that corresponds to the target in-

stock probability, in the standard normal distribution (𝑧𝑡𝑎𝑟𝑔𝑒𝑡). This is computed with the inverse 

error function (35). Currently, P&G uses the same CFR target for all products. 

 𝑘 = √2 ∗ erf−1(2 ∗ 𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑇𝑎𝑟𝑔𝑒𝑡𝑖,𝑙 − 1) (35) 

4.2.11. Limitations of supply chain setup 
Currently, the current supply chain setup does not consider the segment of a product. it is not used 

for example in setting the reorder levels, or in prioritizing production. Furthermore, the production 

frequency is only used as a theoretical measure in setting the reorder levels. However, practically, in 

planning production, products can be produced every day if the priority is high enough, so this 

production frequency is disregarded in production planning. In the scenario analysis of this model, 

the product segment and production frequency will be incorporated. 

4.2.12. Supply chain performance measures 
With the SC setup as described in this section, it is of interest to find out what the SC performance is, 

and especially the influence of different SC setups on O-TSR. In the case study, three measures of SC 

performance are used, namely CFR (36), inventory (37), and the number of changeovers in 

production. To recap, the CFR is defined as the percentage of demand that can be satisfied 

immediately from stock. Contrary to the P&G CFR measure as described on page 4, in the model there 

are no delayed deliveries because the demand is lost. Therefore, no delayed deliveries are included 

in the CFR. For the inventory level, the main measure of interest is the daily average inventory on 

hand after replenishment of customer orders.  

 𝐶𝐹𝑅𝑜𝑣𝑒𝑟𝑎𝑙𝑙 =
∑ 𝑆𝐷𝑖,𝑡,𝑙𝑖∈𝐹𝑃𝐶𝑠,𝑡∈𝑇,𝑙∈𝐷𝐶𝑠

∑ 𝐷𝑖,𝑡,𝑙𝑖∈𝐹𝑃𝐶𝑠,𝑡∈𝑇,𝑙∈𝐷𝐶𝑠
 (36) 
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 𝐼𝑁𝑉𝑜𝑣𝑒𝑟𝑎𝑙𝑙 =
∑ 𝐼𝑂𝐻𝑖,𝑡,𝑙

𝑎𝑓𝑡𝑒𝑟
𝑖∈𝐹𝑃𝐶𝑠,𝑡∈𝑇,𝑙∈𝐷𝐶𝑠

𝑇
 (37) 

Besides the performance of the overall supply chain, it is also of interest to track what the differences 

in performance are between the different product segments. Furthermore, to allow for a comparison 

of the costs of the supply chain interventions (explained in section 5.3.3), the number of changeovers 

in production is also tracked.  

The main internal measure in which P&G measures their performance and inventory is SU, so this is 

also the measurement unit used in this model.  

4.2.13. Limitations of model 
As already described in Chapter 3, manual interventions in the supply chain process are still very 

common at P&G. Several modeling choices were made to reflect these human interventions (e.g. the 

replenishment priorities, choosing the production configuration, planning the production), but for 

some processes, these assumptions could not be made, because no implicit decision making rule was 

discovered. The most important process for which this is lacking, is the setting of the reorder levels. 

Here, no underlying assumptions could be made about the human interventions. Furthermore, the 

model also does not include the human interventions that are done to allow production on the same 

day that the replenishment order is received (a change in the production plan during the so called 

‘fixed time zone’).  
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Chapter 5. Case study – simulation and results 

In this chapter, a description is given of how the model as described in Chapter 5 is implemented in 

a simulation model. The simulation design is described in section 5.1, and consists of a description 

about the data input in the model, the sources of uncertainty in the model, the simulation setup, and 

a validation of the simulation model. The scenarios that are analyzed using the simulation model are 

described in section 5.2, and the results are elaborated in section 5.3. Assumptions made in this 

chapter are also logged in Appendix C. 

5.1. Simulation design 
The supply chain model as described in section 4.2 is simulated in R, to find results on the impact of 

supply chain interventions on the supply chain performance. In section 5.1.1, the simulation 

structure is described. In the sub sections that follow, each of the simulation structure steps are 

explained in more detail. Then, in section 5.1.2, the validation of the simulation model is presented.  

5.1.1. Simulation structure 

 

Figure 14: Simulation Structure 

The structure of the simulation is shown in Figure 14. In the simulation, the input data is read first, 

after which the input parameters are set, depending on the scenario. For each different set of input 

parameters, multiple simulation runs are be performed. During each run, the forecasts are sampled 

for the duration of the run length. After that, the available production capacity is computed for each 

day. Then, the demand is generated for every day. However, in the simulation the demand is not fully 

known every day. After the demand is generated, the daily cycle is simulated for the length of the 

simulation run, and the performance measures for this simulation run are computed, and a new 

simulation run is started. After all simulation runs have been performed, the overall performance 

measures of the model with this given set of input parameters is computed. These steps are explained 

in more detail in the following sub sections. The notation used in this chapter is first introduced. 

5.1.1.1. Simulation notation 
In Table 14, new notation is introduced that is used specifically for the simulation model. Notation 

that was already introduced in Chapter 4, and is used again in this chapter, is not included in Table 

14, but can be found in Table 12 of Chapter 4. The superscript * is used to denote the input data from 

P&G. The superscript ~ is used to denote the simulation data.  

- 𝑀∗ = {1, 2,3,4,5}: input – the set of months in the case study, 𝑚∗ ∈ 𝑀∗ 

- 𝑊∗ = {1, 2, … ,20}: input – the set of weeks in the case study, 𝑤∗ ∈ 𝑊∗ 

- 𝑊~ = {1, 2, … , 𝑙𝑠𝑖𝑚}: simulation – the set of weeks in the case study, 𝑤~ ∈ 𝑊~ 

- 𝑇~ = {1,2,… , 𝑙𝑠𝑖𝑚 ∗ 5}: simulation – the set of time periods (days) in the case study, 𝑡~ ∈ 𝑇~ 
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Table 14: Simulation model notation 

Variable Description Section 

𝑭𝒊,𝒍,𝒘∗
∗,𝒚

 
Input data: forecasted demand for product 𝑖 at location 𝑙 during week 𝑤∗, 

forecasted 𝑦 weeks in advance 
5.1.1.2, 5.1.1.4 

𝑫𝒊,𝒍,𝒘∗
∗  

Input data (computed): observed demand for product 𝑖 at location 

𝑙 during week 𝑤∗ 
5.1.1.2 

𝑪𝑭𝑹𝒊,𝒍,𝒎∗
∗  Input data: monthly service level of product 𝑖 at location 𝑙 5.1.1.2 

𝑺𝑯𝒊,𝒍,𝒘∗
∗  Input data: shipment of product 𝑖 at location 𝑙 during week 𝑤∗ 5.1.1.2 

𝒂𝒊,𝒍,𝒘∗
𝒚

 
Input data (computed): Forecast accuracy of product 𝑖 at location 𝑙 during 

week 𝑤∗, forecasted 𝑦 weeks in advance 
5.1.1.6 

𝒂𝒊,𝒍
𝒚,𝒄𝒐𝒖𝒏𝒕

 
Input data (computed): Number of accuracy observations for product 𝑖 at 

location 𝑙, forecasted 𝑦 weeks in advance 
5.1.1.6 

𝒙𝒘~  
Sample week value that is used in sampling the forecast for the 

simulation length 
5.1.1.4 

𝑭𝒊,𝒍.𝒘~
~,𝒚

 
Simulation value (sampled): forecast for product 𝑖 at location 𝑙 during 

week 𝑤~, forecasted y weeks in advance 
5.1.1.4 

𝑭𝒊,𝒕~,𝒍 
Simulated value (computed): forecast for product 𝑖 at location 𝑙 during 

day 𝑡~, forecasted 1 week in advance 
5.1.1.4 

𝑫𝒊,𝒕~,𝒍 
Simulation value (generated): customer demand of product 𝑖 at location 𝑙 

on day 𝑡~ 
5.1.1.6 

𝒙𝒂𝒄𝒄,𝒊,𝒍,𝒘~ Sample accuracy value that is used in generating the random demand 5.1.1.6 

𝑨𝑨𝒊,𝒍
∗  

Input data (computed): Average forecasting accuracy of product 𝑖 at 

location 𝑙 
5.1.1.2, 5.1.1.6 

𝑽𝑩𝒊,𝒍
∗  

Input data (computed): Overall volume bias of forecast of product 𝑖 at 

location 𝑙 
5.1.1.2, 5.1.1.6 

𝑨𝑫𝑰𝒊,𝒍
𝒛  

Input data (computed): Advance demand information pattern (i.e. 

percentage of demand known in advance) for product 𝑖 at location 𝑙, used 

in computing the simulation demand 

5.1.1.2, 5.1.1.6 

𝑨𝑪𝒘~ Percentage of capacity available for FBNL production in week 𝑤~ 5.1.1.5 

𝜺 Error term in capacity regression model 5.1.1.5 

𝑪𝑨𝑷𝒕~,𝒎 Capacity available on day 𝑡 on machine 𝑚, in minutes 5.1.1.5 

𝑳𝑫𝒎 
Allocation of capacity to machine 𝑚, 22.3% for C4, 26.0% for C5, 51.7% 

for C6 (0.223, 0.26, 0.517) 
5.1.1.5 

𝑨𝑫𝑰𝒊,𝒍
𝒄𝒐𝒖𝒏𝒕 

Input data (computed): Number of observations of demand information 

patterns for product 𝑖 at location 𝑙 
5.1.1.6 

𝒙𝑨𝑫𝑰,𝒊,𝒍,𝒘~ 
Sample demand pattern observation that is used in generating the 

demand 
5.1.1.6 

𝒍𝒔𝒊𝒎 Length of the simulation in weeks 5.1.1.8 
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5.1.1.2. Read input data 
In the model as described in Chapter 4, there are several exogeneous variables that are required as 

input, namely product specific characteristics, production characteristics and demand/forecast 

characteristics. In this section, it is described how this input was gathered at P&G. In Appendix D, an 

overview of these characteristics for the products in the case study scope is listed. 

Product specific characteristics 

The product specific characteristics that are required are the MOQ and the segment of the product. 

The MOQ of each product is calculated based on the information that is available about how many 

cases fit on one layer and on one pallet, and how many SU are captured in one case. This information 

is available in the online GRDC tool used at P&G, and attached in Appendix D.  

The segments for the products were based on the segmentation exercise that was performed in this 

thesis, as described in Chapter 2. As mentioned in Chapter 2, a product can have multiple segments, 

because it can be replenished from multiple DCs. However, in production, only one segment can be 

considered, because the products are all produced in the same production run. This segment in 

production can differ from day to day, as it depends on which DC requests the production (38). 

 𝑆𝑖,𝑡
𝑝𝑙𝑎𝑛𝑡

= min
𝑙∈{𝐷𝐶𝑠:𝑅𝑄𝑡,𝑖,𝑙>0}

(𝑆𝑖
𝐷𝐶) (38) 

Production characteristics 

The PSC provided a file that had the following information about production available: 

- Production lines on which each product can be produced 

- Production speed per product per line in MSU per hour, with assumption about breakdown time 

- Theoretical production frequency (e.g. product 𝑖 can be produced at most twice per week). The 

numbers of days between two production runs were assumed are as follows: 

o No restriction: daily production → 𝑃𝐹𝑖  = 1 

o At most twice per week → 𝑃𝐹𝑖  = 3 

o At most once per week → 𝑃𝐹𝑖  = 5 

o At most twice per month → 𝑃𝐹𝑖  = 10 

- Changeover times (in minutes) between types of setup changes 

Demand and forecast information characteristics 

For the products in the scope of the case study, the data about the forecast from 1, 2, 3, and 4 weeks 

in advance of the week the demand occurs was retrieved from the online forecasting tool. 

Furthermore, data was retrieved about the actual shipments of products from each DC to customers, 

and data about the CFR in the period under investigation. The actual demand is calculated by dividing 

the shipments in a week by the CFR in that week (39). This CFR data was only available on the 

monthly bucket, so it was assumed that the CFR was the same for all 4 weeks in that month. This 

assumption is not expected to have a major impact on the quality of this input data.  

 𝐷𝑖,𝑙,𝑤∗
∗ =

𝑆𝐻𝑖,𝑙,𝑤∗
∗

𝐶𝐹𝑅
𝑖,𝑙,⌈

𝑤∗

4 ⌉

∗  (39) 

Besides the data on the size of the demand volume, also data is available on how much of the demand 

is known in advance. This advance demand information (40) is available up to 25 days in advance for 

each product and location combination, and is denoted as the percentage of the final demand that is 

known x days in advance of the requested delivery date. 
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 𝐴𝐷𝐼𝑖,𝑙
𝑧 = (𝐴𝐷𝐼𝑖,𝑡−25,𝑙

𝑧 , 𝐴𝐷𝐼𝑖,𝑡−24,𝑙
𝑧 , … , 𝐴𝐷𝐼𝑖,𝑡,𝑙

𝑧 ) (40) 

Furthermore, the MAPE for each product at the DC is required for safety stock computations. The 

MAPE of the forecast known 4 weeks in advance was computed using (41). This computation of MAPE 

is based on Nahmias (2009a). 

 
𝑀𝐴𝑃𝐸𝑖,𝑙

∗ =

∑ |
𝐷𝑖.𝑙,𝑤∗
∗ − 𝐹𝑖,𝑙,𝑤∗

∗,4

𝐹𝑖,𝑙,𝑤∗
∗,4 |

𝑤∗∈{𝑊∗:𝐹𝑖,𝑙,𝑤
∗,4 >0}

∑ 𝟏(𝐹𝑖,𝑙,𝑤∗
∗,4 > 0)𝑤∗∈𝑊∗

 
(41) 

Likewise, the average forecasting accuracy (of the forecast one week in advance) of all products is 

computed (42). Additionally, the forecasting bias of the product is also computed (43). The 

forecasting bias is considered by Nahmias (2009a) to be the extent to which the forecast consistently 

over- or underestimates the demand.  

 
𝐴𝐴𝑖,𝑙

∗ =

∑ |
𝐷𝑖.𝑙,𝑤∗
∗ − 𝐹𝑖,𝑙,𝑤∗

∗,1

𝐹𝑖,𝑙,𝑤∗
∗,1 |

𝑤∗∈{𝑊∗:𝐹
𝑖,𝑙,𝑤∗
∗,1 >0}

∑ 𝟏(𝐹𝑖,𝑙,𝑤∗
∗,1 > 0)𝑤∗∈𝑊∗

 
(42) 

 𝑉𝐵𝑖,𝑙
∗ =

∑ 𝐹𝑖,𝑙,𝑤∗
∗,1

𝑤∗∈𝑊∗

∑ 𝐷𝑖,𝑙,𝑤∗
∗

𝑤∗∈𝑊∗
 (43) 

5.1.1.3. Set input parameters 
With the simulation model, multiple supply chain settings (scenarios) are simulated. In this step, the 

input parameters for a certain scenario are specified. The following input parameters could be 

adapted: 

- 𝑀𝑃𝑅𝑖 

- 𝑃𝐹𝑖  

- 𝑀𝐴𝑃𝐸𝑖
𝑐𝑎𝑝

 

- 𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑇𝑎𝑟𝑔𝑒𝑡𝑖,𝑙  

5.1.1.4. Sample random forecasts for length of simulation 
After the input parameters have been set, the simulation run starts. In this simulation, the relevant 

input data is the forecast data, as it serves as the input for the demand generation and production 

capacity generation. In total, there are 20 forecast input points for each location and product. When 

the forecast is sampled, for every week in the arbitrary simulation length, a random week number 

(ranging from 1 to 20) is sampled with replacement (44). For all products, the same order of this 

random sampling is used in the simulation (45). This is because the sales and demand for products 

during a week are related to each other, either because multiple products are in a promotion at the 

same time, or because the sale of one product cannibalizes the sale of another products. Therefore, it 

is important to keep this pattern in the simulation model, and to use the same order of the sample 

for all products. The impact of this is also that the pattern of the total demand does not average out, 

but instead includes the different demand peaks and dips that are observed in reality. 

 𝑥𝑤~~𝑈[1,20] (44) 

 𝐹𝑖,𝑙,𝑤~
~,𝑦

= 𝐹𝑖,𝑥𝑤~ ,𝑙
∗,𝑦

 (45) 
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In the simulation model, the forecast that is known at a certain day is important information in 

computing replenishment quantities. Some forecast is only known later, and the size of the forecast 

is also updated every week. The vector that shows how the known forecast on each day for the next 

20 days is computed using (46). 

 𝑓𝑖,𝑡~,𝑙(𝑥) = 𝐹
𝑖,𝑙,⌈

𝑡~

5
⌉

~,⌈
𝑥~

5
⌉
       ∀ 𝑥~ = 1,… ,20 (46) 

5.1.1.5. Compute available production capacity 
When the forecast for the simulation length is known, the available production capacity can be 

computed. The production capacity is a source of uncertainty. While the capacity partly depends on 

how much capacity is required for production, also the requirements of other SMOs (that are not in 

the model) play a role in determining the available capacity. The available capacity is predicted using 

a regression model. This regression model was developed using regression techniques as described 

by Hair, Black, Babin and Anderson (2014). A detailed description of fitting the regression model is 

found in Appendix E. The predicting variable for the available capacity is the forecasted volume for 

the week. The resulting percentage of available capacity (AC) for FBNL production is computed by 

equation (47). The error term is normally distributed (48).  

 𝐴𝐶𝑤~ = 12.828 +
0.1268

1000
∗ 𝐹𝑖,𝑙,𝑤~

~,1 + 𝜀 (47) 

 𝜀~𝑁(0, 3.992) (48) 

This percentage of total capacity available for FBNL production is then spread over the three 

production lines (49), based on the historical line division pattern (LD) that was observed, which 

shows how much of the capacity was allocated to each of the lines. This is then transformed into daily 

available minutes on each machine. It is assumed that the capacity is constant throughout the week. 

 𝐶𝐴𝑃𝑡~,𝑚 =

𝐴𝐶
⌈
𝑡~

5
⌉

100
∗ 3 ∗ 24 ∗ 60 ∗ 𝐿𝐷𝑚 (49) 

5.1.1.6. Generate demand 
When analyzing the demand for the products in the case study, data about the demand and forecast 

for 20 weeks is available. In this section, it is described how demand is generated in the simulation.  

When examining the historical demand, it is hard to find a pattern or to fit a distribution to the 

demand. The reason for this is that the demand of a product is very much dependent on whether a 

promotion takes place. Because the product is sold at multiple retailers, which carry promotions in 

different time periods, there are a lot of factors that influence this demand pattern, which are hard to 

consider in this model. Therefore, the choice was made to simulate the demand based on the data 

that is available about the demand forecast and the actual demand (empirical distribution). To 

generate this demand, the forecast that was made one week in advance is used. For each product in 

each DC, it is tracked how accurate the forecast was, to consider differences in forecasting accuracy 

for different products. The outliers, occurrences when the actual demand was more than 10 times 

larger than the forecast are capped at 10, as it is assumed this is an error in the data input. 

Additionally, the forecasting bias for each product is also used in the generation of demand. 

The accuracy is only relevant if there is an actual forecast. If there is no forecast, it is assumed that 

there are also no shipments. The accuracy of the forecast made 1 week in advance is used (𝑦 = 1), 

and is defined as the demand divided by the forecast (50). 
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 𝑎𝑖,𝑙,𝑤∗
𝑦

= {
max (10,

𝐷𝑖,𝑙,𝑤∗
∗

𝐹𝑖,𝑙,𝑤∗
∗,𝑦 ) 𝑖𝑓 (𝐹𝑖,𝑙,𝑤∗

∗,𝑦
> 0)

∞ 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (50) 

To use the empirical distribution, it is also important to store how many observations of the accuracy 

are present for the each of the products in each DC (51). 

 𝑎𝑖,𝑙
𝑦,𝑐𝑜𝑢𝑛𝑡

= ∑ 𝟏(𝑎𝑖,𝑙,𝑤∗
𝑦

≤ 10)

𝑤∗∈𝑊∗

 (51) 

In the model, we want to have the daily demand. However, the forecast is available on a weekly basis. 

It is decided to spread out the simulated weekly forecast (made one week in advance) evenly over all 

the days in the week (52). This closely resembles the average actual demand that occurs overall 

during the week, shown in Table 13 in section 4.2.3. There may be different patterns per product, but 

that difference is not considered in this simulation.  

 𝐹𝑖,𝑡~,𝑙 = 0.2 ∗ 𝐹
𝑖,𝑙,⌈

𝑡~

5
⌉

~,1  (52) 

To generate the daily demand, an accuracy observation is sampled from the empirical distribution 

(53), and multiplied with the daily forecast (54).  

 𝑥𝑎𝑐𝑐,𝑖,𝑙,𝑡~~𝑈[1, 𝑎𝑖,𝑙
1,𝑐𝑜𝑢𝑛𝑡] (53) 

 𝐷𝑖,𝑡~,𝑙 = 𝑎𝑖,𝑙,𝑥𝑎𝑐𝑐,𝑖,𝑙,𝑡~
𝑦

∗ 𝐹𝑖,𝑡~,𝑙 (54) 

When generating the demand for a long period of time, on average the total demand is equal to the 

average accuracy (𝐴𝐴𝑖,𝑙
∗ )  multiplied with the total forecast. However, there appears to be a 

relationship between the height of the forecast and the actual demand volume. If the forecast is high, 

the demand is often lower than the forecast. While no statistically significant relationship was found, 

it is evident that only using the accuracy results in a simulated demand that is too high. Therefore, it 

is decided to also consider the forecasting bias (𝑉𝐵𝑖,𝑙
∗ ). For all SKUs, the average accuracy is different 

from the overall forecasting bias. Thus, in generating the demand, this difference needs to be 

accounted for, as shown in equation (55). 

 𝐷𝑖,𝑡~,𝑙 = 𝑎𝑖,𝑙,𝑥𝑎𝑐𝑐,𝑡~
𝑦

∗ 𝐹𝑖,𝑡~,𝑙 ∗
𝑉𝐵𝑖,𝑙

∗

𝐴𝐴𝑖,𝑙
∗  (55) 

If only the forecasting accuracy would be used in generating the demand, it turns out that the overall 

generated demand is much higher than the historical demand, as shown in Table 15. When 

forecasting bias is included, the generated demand is very similar to the historical demand. 

Table 15: Demand simulation 

 Index 

Historical forecast 100.00 

Historical demand 95.91 

Simulated demand (no bias) 104.09 

Simulated demand (with bias) 95.98 
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Now that the random demand is generated, it is also important to simulate when this demand is 

known in the supply chain. While sometimes demand occurs on the day it is requested for delivery, 

it happens more often that orders are created longer in advance, as shown in Figure 15. Different 

products may follow different patterns, so this pattern of how much demand is known in advance 

follows a different empirical distribution per product per DC. For each day in the simulation, a pattern 

is sampled from the input data on the empirical distribution for the percentage of demand that is 

known up to 25 days before the delivery is requested (56, 57). Then, this pattern is multiplied by the 

generated demand, to get a vector which stores the day on which the demand is known (58). 

 𝐴𝐷𝐼𝑖,𝑙
𝑐𝑜𝑢𝑛𝑡 =∑𝟏(𝐴𝐷𝐼𝑖,𝑙

𝑧 > 0)

𝑡∈𝑇

 (56) 

 𝑥𝐴𝐷𝐼,𝑖,𝑙,𝑡~~𝑈[1, 𝐴𝐷𝐼𝑖,𝑙
𝑐𝑜𝑢𝑛𝑡] (57) 

 𝒅𝑖,𝑡~,𝑙 = 𝐴𝐷𝐼𝑖,𝑙
𝑥𝐴𝐷𝐼,𝑖,𝑙,𝑡~ ∗ 𝐷𝑖,𝑡~,𝑙 (58) 

 

Figure 15: % of demand known in advance (scaled for confidentiality) 

5.1.1.7. Go through daily cycle for length of run 
When the demand has been generated, the daily cycle as described in Chapter 4 is followed for every 

day during the simulation run length. In a simulation, the performance measures can be 

tremendously influenced by the initial state of the system. For example, if the DCs are completely 

stocked at the beginning of the simulation, the first few periods have a high CFR and low production. 

In this simulation, it is chosen to start with empty DCs and no incoming production, to avoid making 

additional assumptions about this, when this problem can be overcome by choosing the right warm 

up period, as discussed in the next section. 

When going through the daily cycle, the reorder levels (process step 7) are computed first. Then, the 

process steps 1-6 follow in that order. Every time 20 working days have passed, the reorder levels 

are computed again for the coming 20 days, to mimic the monthly reorder level setting. 

5.1.1.8. Compute performance measures for run 
We are interested in how the model and different supply chain settings perform over a long time, in 

essence the steady state performance. To find this performance, Law (2007) describes that it is useful 

to use a sequential procedure in the simulation. In this sequential procedure, often the relevant input 

data is sampled for the duration of the simulation length. In the sequential procedure, or a non-

terminating simulation, the simulation length (i.e. number of days in simulation) is increased, until a 

desired accuracy level (i.e. half-length of the confidence interval, discussed in section 5.1.1.9) of the 

simulation is reached. However, for computational reasons this is often difficult, as it is uncertain 
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when the simulation would stop. Therefore, another approach is to determine the length of the 

simulation (𝑙𝑠𝑖𝑚)  by how long it takes to get a representative steady state model behavior. 

Furthermore, the simulation length must be a lot longer than the warm up period. To get a 

representative model behavior, it is most important to get a representative demand input. In Figure 

16, a graph is shown that depicts the generated demand during a ten-year period (2600 days). It is 

seen that this gives several repeated demand peaks which allows for a representative demand input, 

and this is concluded to be a representative simulation length. With this simulation length, the 

generation of the demand takes ~30 seconds per simulation run. 

 

Figure 16: Demand generation in 10 years 

As mentioned, defining an adequate warm up period is essential. Choosing the right warm up period 

is often done by using Welch’s graphical procedure (Law, 2007). In this procedure, the warm up 

period (𝑙) is chosen to be the point where the moving average of the performance measure ‘flattens 

out’. Law (2007) recommends using 5 or 10 simulation runs to find average performance measures 

per day. Then, the moving average of the daily performance over a certain time window must be 

computed. This time window (𝑤) must be an integer that is smaller than a quarter of the simulation 

length (𝑚). The choice of 𝑤 is quite significant, because if it is too small, the graph of the moving 

average will not flatten out, but if it is too large, there is not a good idea of the shape of the mean. In 

Figure 17, this effect of different 𝑤-values is shown, using 10 simulation runs as a basis. Law (2007) 

says to choose the smallest time window 𝑤 that gives a flattened-out graph. The chosen 𝑤-value is 

150. In Figure 18, the moving average for the CFR and inventory is shown.  

 

Figure 17: Effect of w-value on moving average curve 
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Figure 18: Moving average inventory and service level, w = 150 

We can see from Figure 18 that the moving average begins to flatten out after around 200 days, but 

for the inventory this takes a bit longer. Law (2007) says it is best to choose a conservative warm-up 

period, so the warm-up period is chosen to be 500 days. As such, the simulation length of 2600 days 

is sufficiently larger than the warm up period.  

Furthermore, replenishment orders are generated based on the upcoming demand. For the final few 

days of the simulation, there is almost no upcoming demand, because no demand is generated for 

days that happen ‘after’ the simulation length. This means that in the final days of the simulation, the 

inventory will be lower because less replenishment orders are generated. Thus, a cool-down period 

of 10 days is also considered in computing the performance measures.  

5.1.1.9. Start new simulation run 
After the performance measures have been computed for one simulation run, the next simulation run 

starts. Because we are uncertain to achieve the desired accuracy level in this simulation by just the 

simulation length, a common approach of finding more accurate results by increasing the number of 

simulation runs (Law, 2007). With the results from each simulation run, a 95% confidence interval 

can be computed to indicate how precisely we know the true value of a performance measure, based 

on the simulation results. In the computation, the 𝑡 -distribution with 𝑛 − 1  degrees of freedom 

(where n is the number of runs) gives the exact confidence interval of the simulation for 𝑛 ≥ 2 (Law, 

2007). The 95%-confidence interval is found with equation (57). Here �̅�  is the mean of the 

performance measure of the simulation runs, and 𝑆2 is the variance. 

 𝐶𝐼0.95 = �̅� ± 𝑡(𝑛−1),0.975 ∗ √
𝑆2

𝑛
 (= 𝑚𝑒𝑎𝑛 ± ℎ𝑎𝑙𝑓 𝑙𝑒𝑛𝑔𝑡ℎ) (59) 

When the number of runs increases, the half-length decreases. However, the simulation time also 

increases. With the basic simulation model with the simulation length of 2600 days, one simulation 

run takes approximately 1.5 minutes. Thus, there is a trade-off between the accuracy and simulation 

time. The main performance measures of interest are the CFR and the average inventory levels. It 

was decided that for the CFR, a half-length of 0.1% of the mean was acceptable. It was seen that the 

range for the average inventory levels was quite a lot larger, so here a half-length of 1% was 

acceptable. In Figure 19, it is seen that the desired half-length for the CFR is reached with 25 

simulation runs, and the desired half-length for the average inventory is reached after 19 simulation 

runs. Thus, the number of simulation runs is chosen to be 25. At this number of runs, the desired half-

length for the average inventory is 0.73%. With 25 runs, also the half-length for the number of 

changeovers is less than 1% (0.83%). 
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Figure 19: Tradeoff between number of simulation runs and simulation accuracy 

5.1.1.10. Compute overall performance measures 
After simulating 25 runs, the overall performance measures of the scenario are computed, consisting 

of the average values and confidence intervals of the inventory and CFR overall, per segment and per 

FPC. Additionally, the number of changeovers and utilization rate per production line are computed. 

This allows for comparing the performance of different supply chain intervention scenarios. 

5.1.2. Validation 
As mentioned in section 4.2.1, there are five steps to ensure a valid simulation model is created as 

suggested by Law (2007). In this section, the final two steps are analyzed. First, the model is validated 

using quantitative techniques. Then, the output of the overall simulation model is evaluated. 

Since the simulation model consists of several components, the validity of the various components in 

the model must be tested, using quantitative techniques (Law, 2007). It is very important to 

quantitatively assess whether the demand used in the simulation was generated correctly, which is 

done in section 5.1.2.1. Then, it should be determined which components of the model have a high 

impact on the performance measures that are analyzed in the model. Sensitivity analysis is a tool that 

is often used for this analysis, and a sensitivity analysis is performed on the model in section 5.1.2.2. 

If certain components have a high impact, they need to be modeled carefully.  

In the validation of the output, Law (2007) argues that the output of the simulation should be 

compared to the existing system (i.e. the actual supply chain), compared with expert opinion, and if 

possible compared with another model. Unfortunately, there is not another model available that 

models the supply chain scope of this thesis. However, this model is compared with the existing 

system in section 5.1.2.3 and with expert opinion in 5.1.2.4. 

5.1.2.1. Assessing uncertainty sources 
As already briefly discussed in section 5.1.1.6, including the forecasting bias in generating the 

demand dramatically increases the similarity between the simulated demand and historical demand. 

In Appendix F, the complete analysis of the comparison between historical demand and simulated 

demand on more detailed levels (per segment and per SKU) is depicted. It can be concluded that the 

way the demand is generated in the model is very accurate.  

In Appendix E, it is seen that the capacity that is generated using the regression model also closely 

resembles the available capacity that is seen in the production history, so the capacity is also 

considered to be modeled correctly. 
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5.1.2.2. Sensitivity analysis 
There are several factors that are assumed to have a certain value in the model, but that could have 

a big impact on the performance of the system. A detailed description of all sensitivity analyses can 

be found in Appendix G.  

First of all, in terms of production assumptions, it is evident that increasing the production capacity 

available leads to increased CFR, inventory levels and numbers of changeovers. Also if the capacity 

available for line C4 and C5 is increased, and capacity for C6 is decreased (as C4 and C6 are the most 

constrained lines), this result occurs as well. Increasing the production speed also has this effect. 

Decreasing the changeover time and increasing the production batch size also have the same effect 

on CFR and inventory levels as increasing the capacity, because less time is spent in changeover, so 

there is more time available for production. However, with increased production batch sizes, the 

number of changeovers decreases.  

Second of all, in terms of inventory assumptions, we can see that if the CFR that is aimed for in setting 

reorder levels is increased, the CFR and inventory levels increase. However, this leads to a slight 

reduction in number of changeovers, because the size of the production orders are increased, so less 

products can be produced each day in the available capacity. This effect on CFR, inventory and 

number of changeovers is also observed when the inventory is targeted to take into account more 

uncertainty in the forecast. When the lead time to the DC increases, the inventory increases as well. 

On the other hand, the number of changeovers decrease, and the CFR decreases, as there is relatively 

more uncertainty and the system will react to changes more slowly. If the MOQ for the DC is changed, 

this has a negligible effect on performance measures, because the MOQ is already quite small when 

compared to the minimum production batch size. In the end, the minimum production batch size is a 

more deciding factor in determining what needs to be produced than the MOQ of the DC. 

5.1.2.3. Comparison with existing system 
For comparing the simulation with the existing system, 100 runs were simulated using the observed 

forecasting values during the 100-day case study period (i.e. the forecasts were not randomly 

sampled). Furthermore, these forecasting values were replicated 5 times to create a warm up period, 

to allow for a comparison of the full 100 days. The results of the fourth replication were used in 

comparing the simulation with the existing system, taking into account the warm up period and cool  

down period. This logic is depicted in Figure 20.  

 

Figure 20: Method of comparing simulation with existing system 

Table 16 shows a comparison of the number changeovers per production line in the existing system 

and in the simulation. It is seen that the number of changeovers in the simulation are comparable to 
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the number of changeovers in the existing system, indicating the simulation adequately represents 

the existing production process in the case study. 

Table 16: Comparison of production frequencies 

 C4 C5 C6 Total 

Simulation 2.23 2.42 5.25 9.90 

Existing system 2.28 2.95 5.45 10.68 

  

Table 17 shows the average CFR (compared to the overall target) and inventory levels per segment 

in the simulation and in the existing system. The total CFR results are quite comparable, and also the 

direction of the CFR for each segment is similar for the simulation and the existing system. In addition 

to the averages of CFR and inventory, the patterns are analyzed. When looking at Figure 21, we can 

see that the simulation CFR and inventory levels shows a similar pattern as the existing system. 

However, a bigger difference is seen for the inventory levels in the simulation and the existing system. 

Table 17: Simulation vs existing system 

Segment Service level 

(simulation) 

Inventory – MSU 

(simulation) 

Service level 

(existing system) 

Inventory – MSU 

(existing system) 

S -0.45% 106.8 -0.77% 74.8 

P -0.72% 72.4 -0.58% 79.9 

A +1.28% 110.7 +0.08% 55.3 

C -0.38% 71.1 -1.03% 59.7 

E -2.48% 47.4 -1.09% 52.3 

D +1.43% 4.8 +1.5% 3.5 

Total -0.52% 413 -0.71% 325 

 

 

Figure 21: Simulation vs existing system 

A difference in average inventory in the simulation versus the existing system was expected, because 

the model does not specifically deal with products that are phasing in or out (PIPO) or newly 

launched. An example of why the inventory in the existing system is higher than in the simulation, is 

that when a new product is launched at P&G, the inventory is built up several weeks in advance of 

the launch, and in this initiative inventory, a lot of uncertainty is explicitly accounted for by adding 

extra inventory. This is not taking into account in the simulation model.  
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Furthermore, the inventory of the existing system only consists of the base products. However, in the 

simulation, also the base products that are used in customized products are stored. This leads to a 

higher inventory in the simulation model for customized products (seen in Table 18). In the existing 

system, these base SKUs that are used in customized products are stored under a different product 

code, which cannot be traced in the validation. Thus, the existing system inventory is actually higher 

when all the customized inventory would also be considered. 

Table 18: Inventory pattern base vs customized products 

 Inventory (MSU) – 

existing system 

Inventory (MSU) – 

simulation 

Difference 

Base products 243.9 202.6 0.83x 

Customized products 81.5 210.6 2.58x 

 

 

Figure 22: Inventory pattern per SKU 

When looking at the pattern of the inventory per SKU in Figure 22, it is seen that indeed there are 

larger gaps for the SKUs used in customized products than for the non-customized SKUs. Especially 

the SKUs with the largest gaps are SKUs that have a very large portion of their demand in customized 

products. Therefore, this difference in inventory is explained, and the simulation model is similar to 

the existing system, and is able to provide relevant insights.  

5.1.2.4. Comparison with expert opinion 
The results of the model and sensitivity analysis were discussed with SMEs and manager, and were 

considered valid. They were confident that the results would provide valuable insights in tradeoffs 

between inventory and CFR. Thus, the simulation model is considered to have face validity. 

5.2. Scenario comparison 
Of the five proposed supply chain interventions as discussed in chapter 3, there are four types of 

interventions (referred to as scenarios) that are applicable in the case study. For each scenario, there 

are several possible ways of changing the SC parameters, each constituting a different sub-scenario. 

The modifications in the model belonging to these scenarios are elaborated in Appendix H.  

1. Adapting production planning decisions (PP) 

a. Only SPA SKUs get replenishment priority 1 

b. Only SPA SKUs get replenishment priority 1 or 2 

c. Segments are also considered as a priority in production: SPA>C>E>D 

d. Segments are also considered as a priority in production: S>P>A>C>E>D 



 

58 
 

 

e. Segments are also considered as a priority in production: P>S>A>C>E>D 

f. Segments are also considered as a priority in production: A>P>S>C>E>D 

2. Adapting the production frequency (PF) – this is an addition to the model, explained in 

Appendix H 

a. Implementing the current production strategy as production frequency restrictions 

b. Similar production frequency for SPA and CED segments (1, 2, 3, 5 or 10 days between 

two production runs) 

c. Different production frequency for SPA vs CED segments (different combinations of 1, 2, 

3, 5 or 10 days between two production runs) 

3. Adapting the production batch size (PB) 

a. Similar production batch size for all segments (𝑀𝑃𝑅𝑖 of 0.5, 1, 1.5 or 2 hours) 

b. Different production batch size for SPA vs CED segments (different combinations of 

𝑀𝑃𝑅𝑖 of 0.5, 1, 1.5 or 2 hours) 

4. Adapting the reorder level settings (SS) 

a. Changing the CFR target per segment 

b. Adapting the MAPE cap for SPA vs CED segments (different combinations of MAPE cap 

of 1, 1.25, 1.5, 1.75 or 2 for SPA, and 0.5, 0.75 or 1 for CED) 

c. Changing the CFR target per segment and adapting the MAPE cap 

First, the sub scenarios were compared to each other based on their CFR and inventory performance, 

to be able to choose the best supply chain intervention for that scenario type. For each scenario type, 

the sub scenario that either led to the greatest inventory reduction (without decreasing CFR), or 

greatest CFR improvement (with the lowest inventory increase) was selected as the best supply chain 

intervention. Resulting from this analysis, sub scenario 1d), 2c), 3b) and 4c) were the chosen supply 

chain interventions. A detailed discussion on the comparison and selection of these sub-scenarios 

can be found in Appendix I. 

In supply chain intervention 1d), production is prioritized according to segment, where Strategic 

products are prioritized over Priority products, which are in turn prioritized over Agile products, etc. 

In supply chain intervention 2c), SPA products can be produced every 2 days, while CED products 

can be produced every day. This may seem contradictory to expectations, as one would expect more 

agility for SPA products. Nevertheless, these findings are in line with Sox et al. (1997) who found that 

this production policy reduces the inventory for products that can be produced more frequently, 

which in this simulation model shifts inventory from CED products to SPA products. In supply chain 

intervention 3b), an MPR of 2 hours is chosen for SPA products, and 0.5 hours for CED products. This 

may again seem contradictory, but this also has the effect of reducing CED inventory a lot, while 

increasing SPA inventory and improving CFR for SPA products. Furthermore, with this policy, no 

production time is lost producing ‘unnecessary’ CED products. In supply chain intervention 4c), all 

segments will have their own specific CFR target in the safety stock computation. Additionally, the 

MAPE cap for the SPA products is 100%, and for CED products it is only 50%. This means that for 

SPA products more uncertainty in the forecast is considered than for CED products, which has the 

effect of reducing inventory for CED products.  

Now that there are four selected supply chain interventions, all potential combinations of these 

interventions are analyzed in terms of their impact on supply chain performance, to identify the most 

useful interventions for P&G. The resulting 16 scenarios are listed in Table 19. 

 



 

59 
 

 

Table 19: Supply chain scenarios in case study 

# PP (1d) PF (2c) PB (3b) SS (4c) # PP (1d) PF (2c) PB (3b) SS (4c) 

1     9  x x  

2 x    10  x  x 

3  x   11   x x 

4   x  12 x x x  

5    x 13 x x  x 

6 x x   14 x  x x 

7 x  x  15  x x x 

8 x   x 16 x x x x 

5.3. Results 
In this section, the base results (i.e. scenario 1) are explored in section 5.3.1, after which the other 

scenarios are compared to this base result in section 5.3.2, to see which interventions bring the most 

supply chain performance improvements. In section 5.3.3, insights about the tradeoffs between 

supply chain performance improvements are given, and the most beneficial interventions are found. 

Before analyzing the results, it is important to consider the CFR targets that are aimed for in the SPA 

and CED segments, and overall. Because of the given volume split per segment (shown in Table 20), 

the SPA target CFR (compared to the original CFR target) is +0.69%, while the target for the CED 

segment is -0.98%. The volume split per segment of the case study leads to an overall CFR target for 

the simulation study that is 0.29% above the original P&G CFR target, because the percentage of 

volume in SPA is quite high. The results of the scenarios are compared to the base model, as this 

allows comparing the supply chain interventions to the base model. The error bars in the graphs 

denote the 95% confidence interval. 

Table 20: Simulation CFR targets 

 S P A C E D 

Volume split 27.3% 37.9% 13.2% 11.3% 10.0% 0.1% 

CFR target (Table 1) +0.5% +0.8% +0.5% -0.5% -1.5% -3.5% 

Segment CFR target +0.64% -0.98% 

Overall CFR target +0.29% 

5.3.1. Base results 
The overall results for the base model are shown in Figure 23. The CFR changes are shown in 

percentage points (p.p.) compared to the P&G average CFR target. We can see that in the base model, 

the CFR in Rumst is slightly higher than in Amiens, but both locations are not reaching the desired 

+0.29% CFR target. Furthermore, it is seen that the inventory in Amiens is higher than that in Rumst, 

which is logical because the demand of the French market is a lot higher than that of BNL, as shown 

in Table 10. The number of days on hand (DOH – the number of days of demand that is in the 

inventory on hand) is comparable for Amiens and Rumst. 
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Figure 23: Base model - overall inventory and CFR results 

In Figure 24, the results for the segment inventory and CFR are shown. From this figure it is clear that 

the Agile segment has the highest inventory, which is as expected, as this is the segment with the 

most volatility in demand. Furthermore, the Strategic and Priority segments do not come near their 

CFR targets (of +0.5% and +0.8% respectively), while the other segments exceed their CFR targets. 

Additionally, it is seen that the DOH for the CED products is high compared to the SPA products. 

Nevertheless, the highly volatile agile products also have high DOH to cover this uncertainty.  

 

Figure 24: Base model - segment inventory and CFR results 

In Figure 25, the utilization rate per production line is shown. As expected, line C4 and C5 have the 

tightest capacity. Line C5 has the least spare capacity, while line C6 has the most spare capacity. 

 

Figure 25: Base model - utilization rate 
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5.3.2. Scenario results 
In this section, the overall, SPA and CED CFR, inventory levels and numbers of changeovers are given 

for all scenarios. A scenario is considered a successful supply chain intervention if the overall and 

SPA CFR increase, while the overall inventory and number of changeovers decrease, compared to the 

base model. In Table 21, the results of the scenario analysis are shown. The CFR changes are shown 

in percentage points (p.p.) compared to the base model CFR. To achieve the CFR targets, the overall 

CFR Δ of a scenario compared to the base should be higher than 0.37 p.p., the SPA CFR Δ should be 

higher than 0.53 p.p., and the CED CFR Δ should be higher than -0.22. Graphical depictions of this 

table can be found in Appendix J. 

All supply chain interventions reduce the inventory held for CED products, whilst some 

simultaneously increase the inventory for SPA products. Additionally, it is seen that when the CFR 

target for SPA is reached, the system underperforms a lot on the CED CFR target. Furthermore, when 

the number of changeovers is increased (often due to a change in production batch size), the CFR is 

often negatively impacted, because less time is available for production. 

The results as seen in Table 21 can partially be explained by the impact of the utilization rate in 

production on the inventory levels and the CFR. The average utilization rate of each production line 

was computed in the scenario’s. There is a positive relationship between the utilization rate of the 

production line with the highest utilization rate and the inventory levels, meaning that if production 

lines are used close to their maximum capacity, the inventory levels are higher because more 

products are produced. However, in the simulation with the limited capacity, still not all 

replenishment orders can be produced every day, so the inventory is lower than requested. 

Furthermore, there is a negative relationship between the average utilization rate of all production 

lines and the CFR, meaning that if there is on average more spare capacity, the CFR is higher. Detailed 

graphs about these relationships can be found in Appendix K.  

Table 21: Scenario analysis results 

Scenario  Overall 

CFR Δ 

SPA 

CFR Δ 

CED 

CFR Δ 

SPA – CED 

CFR 

Overall 

INV Δ % 

SPA 

INV Δ % 

CED 

INV Δ % 

COs 

1. base - - - +0.88 - - - - 

2. PP +0.05 +0.63 -2.06 +3.58 -1 % - -5 % +0.1 

3. PF +0.26 +0.38 -0.17 +1.43 -9 % -6 % -17 % -1.1 

4. PB -0.05 -0.04 -0.07 +0.92 -5 % -1 % -15 % +1.7 

5. SS +0.11 +0.23 -0.30 +1.41 -3 % +6 % -23 % - 

6. PP+PF +0.17 +0.82 -2.22 +3.92 -9 % -4 % -20 % -1.0 

7. PP+PB +0.02 +0.63 -2.19 +3.70 -5 % +1 % -17 % +1.6 

8. PP+SS +0.02 +0.73 -2.58 +4.19 -4 % +6 % -26 % +0.1 

9. PF+PB +0.11 +0.26 -0.44 +1.59 -14 % -6 % -31 % +0.6 

10. PF+SS +0.25 +0.50 -0.66 +2.05 -11 % - -36 % -1.0 

11. PB+SS -0.06 +0.08 -0.59 +1.55 -8 % +5 % -37 % +1.6 

12. PP+PF+PB +0.32 +0.96 -2.02 +3.87 -4 % +8 % -32 % -1.4 

13. PP+PF+SS +0.05 +0.87 -2.95 +4.70 -11 % +1 % -38 % -1.0 

14. PP+PB+SS -0.01 +0.72 -2.70 +4.30 -8 % +6 % -40 % +1.7 

15. PF+PB+SS +0.08 +0.36 -0.95 +2.20 -16 % -1 % -50 % +0.7 

16. All -0.07 +0.85 -3.44 +5.18 -16 % - -52 % +0.6 

Target >+0.37 >+0.53 >-0.22 >+1.63     
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5.3.3. Tradeoff insights 
To find which supply chain interventions are most effective, it is important to have insight in what 

the tradeoff is between improving service and reducing costs. Thus, the benefits of each intervention 

are computed. The notation of this calculation is shown in Table 22. The values that are associated 

with the calculations are shown in Table 23. The assumptions and reasoning behind these values is 

discussed in this section. The values in Table 23 are scaled for confidentiality reasons. 

Notation 

- 𝑠𝑐 =  {1, 2, … ,16}: the set of scenarios that are analyzed 

Table 22: Tradeoff notation 

Variable Explanation 

𝑻𝑩𝒔𝒄 Total annual benefits in scenario 𝑠𝑐 

𝑺𝑩𝒔𝒄 Annual sales benefits in scenario 𝑠𝑐 

𝑪𝑺𝒔𝒄 Annual cost savings in scenario 𝑠𝑐 

𝑰𝑵𝑽$ Average value of inventory on hand 

𝑰𝑵𝑽∆,𝒔𝒄 Change in inventory quantity in percent in scenario 𝑠𝑐 compared to the base scenario 

𝑰𝑵𝑽𝒄𝒐𝒔𝒕 Cost of carrying inventory for a year, as percentage of value of inventory 

𝑺𝑷𝑨𝑵𝑶𝑺 The value of increasing sales of the SPA products by 1%, per day 

𝑪𝑬𝑫𝑵𝑶𝑺 The value of increasing sales of the CED products by 1%, per day 

𝑺𝑷𝑨∆,𝒔𝒄 Change in SPA CFR in p.p. in scenario 𝑠𝑐 compared to the base scenario 

𝑪𝑬𝑫∆,𝒔𝒄 Change in CED CFR in p.p. in scenario 𝑠𝑐 compared to the base scenario 

𝑺𝑹 Sales ratio: fraction of CFR increase that is translated into an increase in sales  

𝑪𝑶𝒄𝒐𝒔𝒕 Cost of one changeover 

𝑪𝑶∆,𝒔𝒄 Change in number of changeovers per day in scenario 𝑠𝑐 compared to the base scenario 

𝑾𝑫 Number of working days in a year 
 

Table 23: Values in tradeoff calculations (scaled for confidentiality) 

Variable Value 

𝑰𝑵𝑽$ $ 111,692.37 

𝑰𝑵𝑽𝒄𝒐𝒔𝒕 24% 

𝑺𝑷𝑨𝑵𝑶𝑺 $ 219.55 

𝑪𝑬𝑫𝑵𝑶𝑺 $ 55.79 

𝑺𝑹 40% 

𝑪𝑶𝒄𝒐𝒔𝒕 $ 25.00 

𝑾𝑫 260 

 

The total benefits of a supply chain interventions can be found by summing the sales benefits and the 

cost savings (60).  

 𝑇𝐵𝑠𝑐 = 𝑆𝐵𝑠𝑐 + 𝐶𝑆𝑠𝑐 (60) 

The sales benefits are found by multiplying the change in CFR with the increase in sales value as a 

result of this CFR increase (61). The change in CFR is not directly reflected in the change in sales 
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value. Gruen and Corsten (2002) found that when a product is out of stock (OOS), in Europe only in 

40% of the OOS situations the sale is actually lost to the manufacturer (P&G), because the consumer 

will choose an alternative product of the manufacturer, go to a different store to find the product, or 

postpone the sale. This also means that when there is a 1% decrease in OOS situations, there is only 

a 0.40% gain in sales. Important to note is that this study was based on an OOS situation in store. 

When P&G is OOS (i.e. cannot satisfy customer demand) this does not directly mean that the store is 

also OOS. Similarly, when the retail store is OOS, this does not mean that P&G is also OOS. However, 

there are no studies on the relationship between CFR of manufacturers and their sales value in a B2B 

environment, so the findings in the study by Gruen and Corsten (2002) are used as a proxy for the 

fraction of sales that are increased as a result of an increase of CFR at P&G. Furthermore, the increase 

in sales value (NOS) as a result of the change in SPA CFR is a lot higher than that as a result of the 

change in CED CFR, because the sales volume in SPA is a lot higher. The value for the segment’s sales 

value is computed by taking the average NOS per SU of the segment, multiplying this with the total 

daily demand in SU for the segment, and multiplying this by 1%. 

 𝑆𝐵𝑠𝑐 = (𝑆𝑃𝐴∆,𝑠𝑐 ∗ 𝑆𝑃𝐴𝑁𝑂𝑆 ∗ 𝑆𝑅 + 𝐶𝐸𝐷∆,𝑠𝑐 ∗ 𝐶𝐸𝐷𝑁𝑂𝑆 ∗ 𝑆𝑅) ∗𝑊𝐷 (61) 

The cost savings are found by summing the cost savings as a result of a changed number of 

changeovers in production, and the cost savings resulting from a reduced inventory (62). For the cost 

savings of changeover, the costs per changeover need to be known. The costs that are associated with 

a changeover are for example the costs of cleaning the production line between two batches. 

Currently, the costs are unknown at P&G, so an estimate for this value was made. The costs associated 

with carrying inventory are P&G warehousing operating costs, storage, handling and transportation 

costs, and damage and obsolescence costs (Szczur, 2002). Furthermore, there are ‘financing’ costs 

because inventory is essentially capital that is tied up in inventory, reducing the cash flow of the 

company. For the value of yearly inventory carrying cost reduction, the P&G estimate (24% of 

inventory value) is used. The average value of inventory in the existing system is used to compute 

the inventory cost savings. 

 𝐶𝑆𝑠𝑐 = −(𝐶𝑂𝑐𝑜𝑠𝑡 ∗ 𝐶𝑂∆,𝑠𝑐 ∗ 𝑊𝐷 + 𝐼𝑁𝑉𝑐𝑜𝑠𝑡 ∗ 𝐼𝑁𝑉∆,𝑠𝑐 ∗ 𝐼𝑁𝑉$) (62) 

With the values as described in Table 23, the annual benefits per supply chain intervention are shown 

in Figure 26. It is seen that intervention PF, PP + PF, PF+SS and PP+PF+PB are the most beneficial in 

terms of benefits. In Appendix L, an analysis is detailed about the effect of the assumptions on the 

cost values used as input for this tradeoff analysis. It is concluded that even with different underlying 

cost values, the same supply chain interventions are concluded to be most effective.  

 

Figure 26: Benefits of supply chain interventions 
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In almost all scenario’s, the sales benefits are the highest, followed by the changeover savings, and 

then followed by the inventory savings. Looking back to Table 21, the beneficial interventions all have 

a reduced number of changeovers, and the highest increase in overall CFR. Nevertheless, for 

interventions PP+PF and PP+PF+PB, the CED CFR is a lot below the target, and one could question 

whether this gap is desirable.   

It can be concluded that adapting the production frequency to being able to produce SPA products 

every other day and CED products every day is an effective supply chain intervention. By 

implementing only this intervention, there are already very substantial benefits, and the 

implementation will be kept most simple.  

At first sight, this result seems counterintuitive. However, adapting the production frequency does 

not mean that the CED products are actually produced every day. In Table 24, it is seen that for CED 

products, producing two days in a row happened in only 6.0% of the instances, and with the supply 

chain intervention, this increases slightly to 6.4%. Furthermore, it is seen that only in 18.8% of the 

instances when SPA production was started, the product was already produced the day before. Thus, 

this supply chain intervention only restricts those instances. Moreover, it is shown that with the 

intervention, on average 1.14 less SPA products are produced daily, while only 0.05 more CED 

products are produced.  

Table 24: Comparison of production frequencies 

 Scenario SPA CED 

Percentage of production instances where 

product was already produced one day before 

Base 18.8% 6.0% 

PF 0.0% 6.4% 

Average number of products produced per day Base 8.83 3.40 

PF 7.69 3.45 

 

To understand how this reduced SPA production flexibility leads to a higher CFR for SPA products, 

the effect of the production frequency on the reorder level must be considered. When the production 

frequency changes from daily to once every two days, the NRLT that is used in computing the reorder 

levels is increased by one day. This means that the cycle stock and safety stock are increased, such 

that the inventory should be able to cover an extra day of production lead time. This relative increase 

in production leads to a higher CFR because more inventory is available to cover the demand. 

Furthermore, a daily production frequency is not necessary to achieve a high CFR, because enough 

inventory is available to cover the demand during lead time. On the other hand, the ‘increased’ 

production flexibility for CED products leads to a lower inventory, and in turn also a lower CFR for 

CED products.  

Thus, it is concluded that adapting the production frequency of the different segments is the simplest 

way of achieving substantial supply chain benefits, because this reduces overall inventory, 

changeover costs, and increases the overall and SPA CFR.  
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Chapter 6. Supply-driven segmentation framework 

In Chapter 2, a business-driven segmentation framework was developed, based on the reasoning that 

the supply chain should be supportive of the customer requirements. However, it could also be 

argued that the supply chain restrictions or characteristics determine how responsive the supply 

chain can be, and therefore should be incorporated in the segmentation framework. In this chapter 

an analysis is made about whether supply chain characteristics should be considered more explicitly 

in the segmentation framework. In section 6.1, the chosen supply chain parameters are described, 

and the setup of this analysis is given. In section 6.2, the results of this analysis are explained, and it 

is evaluated whether supply chain characteristics are beneficial to also consider in the segmentation 

framework.  

6.1. Supply-driven segmentation options 
Finding the cost optimal segmentation given the supply chain characteristics and constraints is 

unfeasible with the model as described in Chapter 4 and 5. There is no linear relationship between a 

product’s segments and the impact on SC performance measures, as there are a lot of mechanisms 

that interact with each other that impact the SC performance. Furthermore, there are 91 product-

location combinations that can take six segments. Using a combinatorial approach to optimize the 

segmentation would be too time consuming. Therefore, several supply chain characteristics that are 

product specific are considered as segmentation rules (described in section 6.1.1), and the products 

are segmented based on their ranking on these characteristics (described in section 6.1.2). 

6.1.1. Relevant supply chain characteristics 
There are several product specific supply chain settings in the model: 

- MAPE (forecasting accuracy) 

- Forecasting bias 

- Production frequency 

- Amount of demand known in advance 

It is decided to take the MAPE and production frequency as characteristics for supply driven 

segmentation. Forecasting bias is not considered, as this is a general forecasting issue, that should be 

solved, and not be considered as a segmentation variable. On the other hand, some products are more 

difficult to forecast, and this can be taken into account by considering the MAPE. Furthermore, 

production frequency is relevant to take into account, because it reflects the ‘lead time’ parameter 

(NRLT) which was suggested by literature (Van Hezewijk, 2018) to be a relevant segmentation 

characteristic. As we have seen in Chapter 5, adapting the production frequency is the most 

promising supply chain intervention, so it does not seem to make sense to use it as a segmentation 

variable if it can be adapted. Nevertheless, it is included in the analysis, to check if using lead time as 

a segmentation variable improves the SC performance with other SC interventions. The amount of 

demand known in advance is mostly dependent on customer input. Since the customers of P&G are 

out of scope in this research, this supply chain setting is not considered as a supply chain variable.  

Van Hezewijk (2018) concluded that the characteristics demand volume and demand volatility also 

impact supply chain performance a lot. These variables were included in the business-driven 

segmentation, but not as deciding factors. For example, sometimes products with high volume were 

moved to CED for the preference of other more strategic products in SPA. Furthermore, volatility was 
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used as a characteristic to decide within SPA, in which segment a product should be, not to decide 

whether or not a product can be partitioned into SPA. Therefore, also taking demand volume and 

demand volatility as deciding factors in supply-driven segmentation are considered.   

6.1.2. Analysis setup 
The effect of four different supply-driven segmentation rules on supply chain performance is 

analyzed. The products were sorted in such a way that the volumes in the segments resulting from 

these rules are similar to the volumes in each segment following the business-driven segmentation, 

shown in Table 20. The resulting segmentation is found Appendix M. 

1. Volume-driven segmentation – products are placed in the segments in descending order of 

their forecasted volume (i.e. highest volume in Strategic) 

2. Volatility-driven segmentation – products are placed in the segments in ascending order of 

the COV of their demand (i.e. lowest volatility in Strategic) 

3. Forecasting-accuracy driven – products are placed in the segments in ascending order of their 

MAPE (i.e. lowest MAPE/highest accuracy in Strategic) 

4. Production-frequency driven – products are placed in the segments in ascending order of 

their production frequency (i.e. highest production frequency in Strategic) 

Given these new segmentation rules, it can be assessed which segmentation rule is most in line with 

the business-driven segmentation rule. In Table 25, the percentage of SPA products (i.e. strategic 

products as defined by the business-driven segmentation) that are a CED product in the supply-

driven segmentation is shown, indicating misalignment between the segmentation and commercial 

strategy. It is evident that the volume-driven segmentation is the closest to the business-driven 

segmentation, as only 10.1% of the volume of SPA products is in CED, while the other segmentation 

rules have around 20% of the SPA products in CED. This volume-driven rule is also most in line with 

reducing the complexity in the SPA product portfolio, as this has the lowest percentage of SKUs in 

SPA. 

Table 25: Alignment between business-driven and supply-driven segmentation 

 volume volatility forecasting 

accuracy 

production 

frequency 

% of strategic products (volume) in CED 10.1% 19.5% 21.5% 23.7% 

% of SKUs in SPA 35.2% 58.0% 69.3% 50.0% 

 

With this new segmentation, the same 16 scenarios as defined in section 5.2 are analyzed, to compare 

whether the identified supply chain interventions provide more improvement opportunities when 

these segmentation rules are followed. Furthermore, it is analyzed if applying these segmentation 

rules would alter the supply chain performance, given the current operating strategies. The results 

are analyzed for the newly defined segments, not the original business-driven segments.    

6.2. Results 
In Figure 27, the performance of these different segmentation rules given the current operating 

strategy is shown. From this figure it is concluded that given the current operating strategy, the 

business-driven performance performs the best in terms of achieving the highest CFR for the SPA 

segments. However, segmenting based on volume and volatility gives better results for the overall 
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CFR, but this is achieved by having a higher CFR for CED products than for SPA products, which is not 

in line with the target. The reason such a high CFR is achieved for these products, is because small 

volume products are protected for extra demand because the minimum production batch size is 

relatively large. Furthermore, highly volatile products are protected with additional inventory.  

 

Figure 27: Segmentation rules performance 

When segmenting products based on their production frequency, a similar effect is seen, because 

then the CED products have a longer lead time, and are protected with additional inventory to cover 

this lead time. When segmenting products based on their forecasting accuracy, there is a very small 

difference between the SPA and CED CFR, due to the fact that CED products are protected additionally 

because of their high MAPE. 

All in all, while the proportion of SPA vs CED inventory differs quite a lot per segmenting rule, the 

overall inventory in the system stays relatively stable. In this sense, the forecasting accuracy driven 

segmentation rule has the lowest inventory, which is 1.1% lower than the inventory in the business-

driven segmentation.  

Furthermore, the impact of the different supply chain interventions is evaluated, given the different 

segmentation rules. Detailed tables such as Table 21 are found in Appendix N, which have all 

information about the performance of each scenario. From this analysis, it is concluded that the 

beneficial supply chain interventions are consistent across all segmentation rules. This is also seen 

in Figure 28, as all segmentation framework show similar patterns of the benefits. 

From Figure 28, it becomes clear that only the segmentation rules of demand volatility and 

production frequency can provide more benefits than the business-driven segmentation, at most 

30% higher benefits. However, since changing the production frequency is a part of the supply chain 

intervention, segmenting products based on their production frequency does not make sense. 

Furthermore, only allowing low volatility products in SPA segments is not in line with the commercial 

strategy, because the commercial strategy is to push SPA products in promotions, meaning that these 
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products will generally have more volatile demand. Moreover, in Table 24 it was seen that these two 

segmentation rules miss out on quite a large portion of the strategic products, meaning that the 

strategically important products are not as well supported with these segmentation rules. 

 

Figure 28: Benefits of different segmentation frameworks 

A noteworthy insight from the analysis on the different segmentation rules, is that in all beneficial 

supply chain interventions, changing the production frequency is included. This indicates that this is 

a very robust result.  

From the analysis in this chapter, it is concluded that none of the supply-driven segmentation rules 

as described here provide more desirable supply chain performance than the business-driven 

segmentation. The business-driven segmentation provides a higher CFR for SPA products than CED 

products, and the CFR can be improved whilst simultaneously substantially reducing inventory and 

the number of changeovers in production. Furthermore, with these different segmentation rules, 

more strategic products are put in CED, which is undesirable because of the lower CFR target. 
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Chapter 7. Recommendations for implementing 
supply chain segmentation 

In this chapter, recommendations are given for implementing supply chain segmentation throughout 

the company. First of all, an analysis is made about how the case study can be generalized, by 

analyzing the differences between the case study category and other product categories in section 

7.1. In section 7.2, the stakeholders that are involved in supply chain segmentation are analyzed in 

terms of their interests. In section 7.3, a high-level change plan is provided for implementing supply 

chain segmentation. 

7.1. Generalization of case study 
There are several SC characteristics that could impact the generalizability of the case study to other 

categories. These characteristics were found by evaluating the sensitivity analysis and the specific 

characteristics of the case study supply chain. They are listed in Table 26, including the impact this 

could have on the SC performance measures in other categories. 

Table 26: Category characteristics impacting generalization 

Characteristic Impact on SC performance 

Amount of 

shared SKUs 

between DCs 

In this case study, the amount of shared SKUs between the DCs was very small. 

If the number of shared SKUs is higher, lateral transshipments could provide 

extra benefits by reducing inventory, or increasing CFR 

Distance from 

plant to DC 

In this case study, the distance from the plant to the DC was quite short, so the 

lead time from the production plant to the DCs was also very short. If the 

distance is longer, the result will be that the inventory will need to be higher to 

deliver the same CFR 

Presence of 

external 

supplier 

solutions 

(ESS) 

In this case study, all products were produced by a P&G owned and operated 

plant, meaning that P&G can decide to take different supply chain strategies for 

different segments. For products manufactured by external suppliers, the 

production strategy pursued is outside the immediate control of P&G, often 

resulting in longer lead times from the plant to the DC. This means that the 

inventory needs to be increased to achieve desired CFR 

Presence of 

quality issues 

in production 

In this case study, there are no significant quality issues in production. This 

contributes to the short lead time. However, in some other categories, products 

have a longer lead time after production, as they have to be stored for quality 

control, before being shipped to DCs. In these categories, the lead time is longer, 

and therefore the inventory will need to be higher to achieve a similar CFR 

Capacity setup In this case study, the capacity was very tight on 2 of the 3 production lines. If 

there is a category with a lot of spare capacity, the CFR would be higher. 

However, if there is a category with even tighter capacity, the CFR and inventory 

levels will be lower. In these cases, other supply chain interventions could be 

more suitable than the ones found in this case study. 



 

70 
 

 

Production 

flexibility 

In this case study, the production setup was rather flexible. The changeover 

times are quite short, and the minimum batch sizes for production are also not 

relatively small. If a product category has less production flexibility, more 

inventory is needed to achieve high CFR levels 

Product life 

cycle 

If a category experiences more product changes than the case study, there could 

be more need for production flexibility and more inventory to achieve a high 

CFR. On the other hand, if the number of product changes is limited, inventory 

could be reduced while improving CFR 

7.2. Stakeholder interests 
As described throughout this thesis, there are several stakeholders involved in the segmentation 

process. These stakeholders can be divided into two groups: stakeholders involved in identifying the 

product segments, and stakeholders involved in executing the segmentation strategy.  

7.2.1. Segmenting the product portfolio 
The stakeholders that are involved in segmenting the portfolio are the market planner and MS&P in 

the SMO, and the segmentation SPOC in the RBU. While the market planner initiates the segmentation 

process, the RBU SPOC is the final approver of the portfolio segmentation.  

For the market planner, it is essential that the customer demand and initiatives receive the right 

supply chain support at all times. This means that the segmentation should be updated twice a year, 

after the GTM strategy is redefined, and this update process should not be time consuming. Since the 

market planner is the initiator for the portfolio segmentation process in the SMO, but the RBU SPOC 

is the final approver, the market planner should have clear guidelines on what is expected by the RBU 

from the portfolio segmentation. Furthermore, the market planner requires good quality input in 

order to make segmentation proposals. Most of this input can be gathered from online data sources, 

but the input about strategic importance is required from the MS&P. 

For the MS&P, it is most essential that the important products in the portfolio can be supported by 

the right supply chain capabilities at all times. Furthermore, the segmentation process should not be 

time consuming, because of their workload. The new segmentation framework should ensure this is 

less time consuming. A main objection from the MS&P side is that the segmentation process can make 

them feel like they have to make compromises (either for some products that cannot be put in SPA 

or compromising with other countries on a segment) that do not benefit the business. Creating 

awareness for the MS&P about why certain segmentation choices have to be made, by showing the 

impact the segmentation has on supply chain costs, can help in making trade-offs.   

For the segmentation SPOC, the most important interest is to make sure the supply chain capabilities 

are matched to the right products. For this, the right input from the SMO is required, which matches 

the RBUs guidelines and expectations. Thus, it is essential that these guidelines and expectations are 

shared with the market planner at the start of the update process. 

7.2.2. Executing supply chain segmentation 
The stakeholders that are involved in executing the segmentation strategy are the Account 

Executives (AEs) in the SMO, and the DRP and SIP in the PSC. The AE is important because he/she 

makes the promotion deals with customers, and by doing so creates additional demand for products. 

This demand has to be supplied by the DRP, who relies on the SIP for production orders. 
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For the AE, it is essential that the promotional volume can all be sold. This means that if there is a 

promotion at a customer, there should be supply chain capabilities to support this extra demand. If 

the supply chain capabilities are restricted by segment, the AE needs to know which products have 

the right supply chain capabilities, so he/she can make sure to plan promotions on these products. It 

is up to the MS&P to set the portfolio strategy, so sharing this guidance with AEs is part of this task. 

For the DRP and SIP, the main aim is to ensure a high CFR with limited inventory. To deal with the 

different CFR targets per segment, the DRP and SIP should have clear guidelines on how to handle 

segmentation in their daily processes. The DRP manages multiple DCs in multiple SMOs, so they have 

to consider multiple segments per product. For the SIP, the daily workflow also consists of planning 

production for multiple SMOs. Because of this high complexity in the daily workflow, clear guidelines 

are necessary to support the DRP and SIP in their daily task of ordering and prioritizing orders. This 

could be either in the form of a decision support tool, or a clear set of guidelines of the impact of 

segmentation in their daily workflow. This information should come from the RBU, who is involved 

in setting the category operational strategies. The RBU can use the findings from this case study as 

well as the analysis on the generalization effects to determine the right operating strategies for their 

categories. 

7.3. Change plan 
The set-up of the change plan is based on the work of Van Aken, Berends and van der Bij (2012a), 

and consists of the potential stakeholder analysis (described in 7.2), a specification of the redesigned 

business system, and the set of actions to be taken to implement supply chain segmentation. 

7.3.1. Redesigned business system 
In this thesis, a new portfolio segmentation framework was developed, and guidelines for 

differentiated operational strategies were developed.  

As a part of this thesis, a segmentation update document was created, based on the findings of this 

research and evaluation points after implementing this new segmentation framework. This update 

document partly automates the retrieval of necessary information from data sources, and automates 

the generation of a segment based on the decision tree as described in Chapter 2.  

It is recommended to segment the product portfolio based on demand volume, demand volatility, 

and the strategic importance of a product. Furthermore, it is recommended to use the segmentation 

process as illustrated in Figure 8 on page 20 as a process guideline, as this should ensure all relevant 

business and supply chain requirements are incorporated in the segmentation process.  

Concluding from Chapter 5 and 6, it is recommended to produce SPA products less often than CED 

products, and to reduce the minimum production batch size and MAPE cap for CED products. This 

frees up more production capacity for SPA products, which increases the CFR for these products.  

To improve organizational commitment to the segmentation process, it is highly recommended to 

make segmentation KPIs a part of every stakeholder’s personal performance plan that is evaluated 

at the end of every year. For the market planner and MS&P these could be KPIs that measure how 

well the portfolio segmentation matches the RBU strategic guidelines, and the speed of the 

segmentation process (i.e. less than a month from start to finish). For the AEs, a KPI could be to have 

a target of  >80% of the volume sold in promotions on SPA products. For the DRP and SIP, there could 

be a KPI that measures how well the differentiated operational strategy guidelines are followed.  
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7.3.2. Actions to be taken  

 

Figure 29: Actions in segmentation update process 

Figure 29 outlines the actions that should be performed by the stakeholders in the segmentation 

process, by the specified timings. Right after the GTM renewal, the RBU SPOC needs to clearly 

communicate their guidelines and expectations to the SMO market planner. This market planner will 

then use this information to gather data, and create an initial segmentation proposal. Then, this is 

communicated to the MS&P, in order to create awareness, and get their feedback with strategic 

product information. This is done at most a week after the GTM renewal has taken place. The MS&P 

will have another week to review this information and provide their feedback on the strategic 

product information. The SMO planner then incorporates this, and sends his final segmentation 

proposal to the RBU at most 3 weeks after the GTM renewal. Within a week, the RBU and market 

planner align on this segmentation, after which the RBU SPOC approves this new segmentation a 

month after the GTM renewal. Right after this approval, the new guidelines for promotional strategy 

and operational strategies must be shared with the AEs and PSC.  
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Chapter 8. Conclusion 

In section 8.1, the research questions as defined in section 1.3.1 are answered. In section 8.2, the most 

important limitations of the research are discussed, and directions for future research that result 

from these limitations are proposed. 

8.1. Conclusions 
In this thesis, a new portfolio segmentation framework was developed for P&G. Furthermore, 

different operating strategies that could be pursued in different segments were analyzed, to provide 

recommendations on how to differentiate operational strategies at P&G. In this section, the answers 

to the three main research questions are summarized.  

How can the SKU portfolio of P&G be segmented such that it correctly reflects the customer 

requirements? 

In literature it was found that there are two groups of characteristics that can be used in 

segmentation. First, there are customer and demand characteristics, such as demand volume, 

demand volatility, customer importance and competitive priority. Second, there are product and 

supply characteristics such as product life cycle stage, product profitability, and supply lead time. A 

lot of those characteristics were found applicable, except for the lead time of a product. P&G’s main 

aim of segmentation is to be able to fully support customer requirements, therefore it does not want 

to be restricted by this supply chain constraint. The business-driven segmentation framework that 

results segments the product portfolio based on demand volume, demand volatility, product 

profitability and the strategic importance of a product. This business-driven segmentation 

framework was applied to all product categories at P&G to assess its validity. Compared to supply-

driven segmentation methods, the performance of the business-driven segmentation framework is 

most in line with the segmentation KPIs. Thus, it can be concluded that the business-driven 

segmentation framework is the most appropriate segmentation method for P&G.  

How can P&G effectively implement segmentation in their operating strategies such that it improves 

supply chain performance? 

In literature, several ways of segmenting operating strategies and improving supply chain 

performance were found. Four types of supply chain interventions were analyzed in one specific 

product sub-category, using a simulation model, to find the impact of the intervention on supply 

chain performance. 

1. Adapting production planning to segmentation 

2. Adapting production frequencies to segmentation 

3. Adapting production batch size to segmentation 

4. Adapting safety stock settings to segmentation 

In the analysis, it was found that adapting the production frequency per segment is an effective 

intervention with regards to both improving CFR (+0.26 p.p.), reducing inventory (-9%), and 

reducing changeovers in production (1.1 less changeovers required daily). In this intervention, the 

SPA products have a production possibility every other day, while the CED products should have a 

production possibility every day. While this intervention does not lead to a big increase in daily 

production schedules for CED products, it does prevents excessive inventory holding. When 

combining this intervention with adjusting the production sequencing (more important segments 
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sequenced first) and adjusting the production batch size (2 hours run time for SPA products, and 0.5 

hours run time for CED products), the benefits are increased with 17%. However, this also increases 

the complexity of implementing the solution, so it is recommended to start by adapting the 

production frequency, and if this has been completed and more improvement is desired, to add 

production sequencing and production batch size changes. 

What are recommendations for implementing supply chain segmentation throughout the company? 

There are several aspects that distinguish the case study in this research from other categories. The 

amount of shared SKUs between DCs, lead time from production to the DC, presence of external 

suppliers in the chain, quality issues, capacity constraints and production flexibility of the production 

plant, and number of product innovations in a category are all factors that could impact the 

operational strategies of the segments. In implementing the segmentation framework throughout the 

company, the segmentation needs to be updated twice per year after the GTM strategy is revised. As 

such, it is essential that the RBU shares their expectations and guidelines in a clear manner, which 

enables the SMO supply chain and commercial teams to provide quality input to the RBU. This 

segmentation should be approved within a month after this GTM renewal, after which the sales 

executive and supply chain planners should be immediately provided with guidelines on how this 

should impact their daily workflow. Incorporating segmentation in the personal performance plan 

will increase each stakeholder’s accountability and commitment in the segmentation process. 

8.2. Future research directions 
Based on the limitations from this study, there are several future research directions. First of all, the 

case study was not able to incorporate analysis of transshipments. However, literature showed that 

transshipments could be very beneficial in improving service and reducing inventory. Because there 

are a lot of products that are located at multiple DCs, this could be a very beneficial area to investigate 

for P&G, also in relation to segmentation. Currently, transshipments are all suggested and handled 

manually by DRPs. It is worth investigating what optimal policies for transshipment are.  

Second, this thesis was only concerned with the segmentation of finished products. Of course, these 

finished products are made up of raw materials. In this thesis, an infinite supply of raw materials was 

assumed, which is not a realistic situation, because there are also raw material planners at P&G. Thus, 

it would be interesting to perform research about how finished product segmentation should impact 

raw material inventory policies. 

Third, the scope of this research was on internal company implementation of supply chain 

segmentation. However, the supply chain of P&G is not isolated, but instead is related to a lot of other 

partners, like suppliers and customers. These suppliers and customers should be aligned with the 

segmentation of P&G, but in this thesis it was not researched how this could be done. Therefore, this 

also provides an interesting future research topic.  

Additionally, it was found during this research that the P&G planners in the supply chain use support 

tools for their daily processes, but also still have a lot of manual input. Implementing differentiated 

operational strategies per segment increases the complexity of their workflow, as it creates more 

data points to use as input in their tasks. It could be worth investigating if there are support tools 

that help the planners in their daily processes, or maybe even automate certain decisions. This could 

also open up the operational strategies to more complex differentiation to improve supply chain 

performance, for example using big data techniques.   
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Appendix A – Semi-structured interview approach 

In the interviews with employees, a semi-structured approach was chosen (van Aken et al., 2012b). 

A few questions were asked to guide the interview, but there was also enough room to discuss other 

topics, or to provide more details. This approach was chosen to provide guidance, but to leave 

opportunity for the different employees to add their own input to the conversation. The following 

questions were asked: 

- What is your role in P&G? 

- What are your main tasks and objectives? 

- Could you describe this process in steps? 

- What are the main decision-making processes in your daily tasks? 

- How do you measure your performance? 

- How is segmentation currently incorporated in your process? 

- How do you think segmentation could be incorporated in your process? 

- What are the problems that you can think of about implementing segmentation? 
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Appendix B – Data sources for portfolio 
segmentation 

For every product, data about its volume, profitability, strategic importance and demand variability 

had to be found, in order to allow the segmentation. In the operational side of the organization, a 

product is usually identified by its FPC, while in the commercial side, a products EAN and the general 

description of the product (i.e. size, scent, brand) are used as identifiers.  Therefore, it is desirable to 

store both the FPC as well as the EAN and general product description. Information about the FPC 

and EAN is available in an online tool which stores all product master data, called the Global 

Reference Data Client (GRDC). 

To get a full list of the active product portfolio (an overview of steps and remaining products is found 

in Table 27), a list of FPCs for which there have been shipments in the past six months (P6M; moment 

of data gathering: beginning of February 2018), and for which demand forecasts have been made for 

the next eight months (F8M). This resulted in a list of 5099 products (identified by FPC).  

In this list, products were listed that were actually secondary parts (mostly in shaving devices) that 

are not sold to customers, so these were removed from the list, leaving 4980 remaining products.  

Furthermore, some products were phased out and replaced by another product that is also in the list. 

It does not make sense to treat these two products as different products, because in the production 

and commercial strategy they are very similar. Thus, all PI/PO products were linked to each other, 

using information found in the IOPT tracker, leaving 3128 remaining products. For the newest FPC, 

the EAN and accompanying product descriptions were looked up in the GRDC. Also the PO FPCs were 

stored, so they could still be used in the data input process.  

Finally, the scope of this segmentation process is only on base products, so the customized products 

had to be filtered out. There was not one data source available that contained the FPCs of all 

customized codes. Occasionally, the product description could help identify whether a product is 

customized, but, it is not feasible to read and judge the descriptions of all 3128 remaining products. 

In the GRDC, there is a data field that stores whether the product is a complex shipping unit (i.e. 

customized). However, some products that are not classified as such are still customized codes. To 

identify remaining customized codes, a file that is used by Customization Initiatives Leaders (CILs) 

to track the costs of customized products is used. With these two data sources to filter out customized 

products, 2199 products are remaining.   

Table 27: Retrieving active product portfolio 

Action Number of products 

Positive sales volume (P6M, F8M) 5099 

Removing parts 4980 

Linking PI/PO products 3128 

Filtering out customized products 2199 

 

For these 2199 products, information on the demand volume, profitability, strategic importance and 

variability was needed. Below is the list of data sources that were used, and the type of identifier that 

was available in the used data source. It is evident there were different identifiers, which meant it 
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was sometimes cumbersome to link the information to the right products. Furthermore, information 

was not always available for the most recent FPC (e.g. profitability or variability), in which case 

information was searched for the older FPCs.  

1. Demand volume: OBIEE - online tool which stores forecast information 

▪ Available ID: FPC 

2. Profitability: EDS file – Economic Data Sheet: excel file provided by RBU 

▪ Available ID: usually FPC, but in category A only on part of the product 

description, had to be manually matched to the FPC 

3. Strategic importance 

o Power SKU file – excel file shared by each country’s MS&P leader 

▪ Available ID: EAN (sometimes outdated EAN of PO product) 

o InfoPage Shipments – online tool showing customer demand information 

▪ Available ID: FPC 

o CSO report – created by IOPT tracker, showing product changes 

▪ Available ID: FPC and EAN 

4. Demand variability: Business Warehouse – online tool which stores historical demand data 

▪ Available ID: FPC 

 

Appendix C – Modeling assumptions 

- BNL customers are only replenished from the Rumst DC, French customers only from the Amiens 

DC 

- Raw material supply is unlimited 

- Demand and production only occur 5 days per week 

- The production site is only open during the week 

- Customers are replenished on working days 

- All shipments at the DC arrive before customer orders are replenished 

- If there is not enough inventory on hand to deliver the orders, the demand is lost 

- No inventory is reserved for specific customers or promotions 

- One product size can only be produced on one production line each day, limiting the number of 

potential production assignment combinations to 32 

- There is a changeover time of 10 minutes between the production of 2 different products 

- No breakdowns occur during production 

- Production speed times are deterministic 

- Products are always planned for production the next day, not earlier 

- No quality issues occur during production 

- The lead time from the production plant to the DC is 1 day 

- When the actual demand was 10 times larger than the forecast, this is an error in the data input 

- There is no demand when there is no forecast 

- The forecasted demand is constant throughout the week 

- Production capacity is constant during the week 
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Appendix D – Model input per SKU 

SKU DC MOQ - 
pallet 

MOQ - 
layer 

MOQ - 
case 

Prod. 
Line 

Prod. 
Speed3 

Prod. 
Freq. 

Seg-
ment 

MAPE 
4 

MAPE 1 Volum
e Bias 

Av. Acc. Fore
-cast 

COV 

  
SU SU SU 

 
SU/hr days 

  
 

  
MSU  

1 2 59.52 14.88 1.24 C4 2108 1 4 0.39 1.42 1.21 2.10 35 1.07 
2 2 59.52 14.88 1.24 C4 2120 1 3 1.64 0.42 0.88 0.86 142 1.42 
3 1 63.36 15.84 0.66 C4 1505 1 3 0.00 0.01 0.99 1.01 6 3.46 
4 1 63.36 15.84 0.66 C4 1505 1 5 0.00 0.00 1.00 1.00 5 3.49 
5 1 63.36 15.84 0.66 C4 1505 1 5 1.00 1.00 0.00 0.00 2 0.00 
6 1 63.36 15.84 0.66 C4 1505 1 5 1.00 0.75 1.29 0.25 4 4.47 
7 2 72.00 14.40 0.60 C5 1080 3 3 0.89 0.67 0.68 0.92 10 0.96 
8 2 72.00 14.40 0.60 C5 1080 3 3 0.61 0.66 0.65 0.86 8 0.81 
9 2 72.00 14.40 0.60 C5 1080 3 1 0.71 0.92 0.62 1.07 14 0.74 

10 2 72.00 14.40 0.60 C5 1080 3 1 1.04 0.89 0.25 0.11 6 3.30 
11 1 76.80 15.36 0.64 C5 1152 3 4 0.99 0.99 77.91 0.01 6 4.47 
12 1 76.80 15.36 0.64 C5 1152 3 4 0.98 0.98 79.81 0.02 6 4.47 
13 1 84.00 16.80 0.84 C4 1658 1 5 0.62 0.47 1.30 0.79 26 0.95 
14 1 87.40 17.48 0.92 C6 1518 1 2 0.61 0.28 1.01 1.05 88 0.41 
15 1 87.40 17.48 0.92 C6 1518 1 4 0.69 0.48 1.10 1.07 24 0.58 
16 1 87.40 17.48 0.92 C6 1518 1 1 0.81 0.33 1.02 1.02 46 0.68 
17 1 87.40 17.48 0.92 C6 1518 1 5 0.87 0.25 1.11 0.84 18 1.27 
18 1 76.16 19.04 1.36 C4-C5 2685 1 2 0.92 0.27 0.94 1.09 151 0.36 
19 1 76.16 19.04 1.36 C4-C5 2685 1 1 1.28 0.26 0.95 1.05 61 0.63 
20 1 76.16 19.04 1.36 C4-C5 2685 1 4 0.64 0.33 1.09 1.00 31 0.70 
21 1 71.68 17.92 1.28 C4-C5 2527 1 4 1.02 0.46 0.91 1.23 27 0.97 
22 1 76.16 19.04 1.36 C4-C5 2685 1 4 2.64 0.65 0.81 1.42 17 1.17 
23 1 87.40 17.48 0.92 C6 1518 5 1 1.12 0.62 0.97 1.26 72 1.34 
24 1 87.40 17.48 0.92 C6 1518 5 4 0.57 0.41 1.08 0.85 36 1.61 
25 1 87.40 17.48 0.92 C6 1518 5 1 0.70 0.51 1.06 1.03 50 1.51 
26 1 87.40 17.48 0.92 C6 1518 5 3 1.14 0.43 1.03 1.09 30 1.16 
27 1 80.00 16.00 0.80 C4 1579 1 4 0.64 0.52 1.63 0.54 23 1.57 
28 1 80.64 20.16 1.44 C4-C5 2843 1 1 0.42 0.37 1.15 0.75 180 1.05 
29 1&2 76.80 15.36 0.64 C5 1152 3 1: 1 

2: 4 
1: 0.96 
2: 0.94 

1: 0.97 
2: 1.02 

1: 0.73  
2: 0.95 

1: 1.67 
2: 1.28 

11 1: 0.69 
2: 1.13 

30 2 72.00 14.40 0.72 C4 1421 1 4 0.78 0.68 1.06 1.21 14 0.76 
31 2 72.00 14.40 0.72 C4 1421 1 1 0.41 0.49 0.84 0.92 21 0.86 
32 1&2 72.00 14.40 0.72 C4 1421 1 1: 2 

2: 2 
1: 0  

2: 1.07 
1: 0 

2: 0.38 
1: 0 

2: 0.88 
1: 0 

2: 0.81 
106 1: 2.22 

2: 0.97 
33 1 87.40 17.48 0.92 C6 1518 1 2 0.61 0.22 1.00 1.02 127 0.63 
34 1 87.40 17.48 0.92 C6 1518 1 5 0.68 0.30 1.02 0.90 21 1.10 
35 1 87.40 17.48 0.92 C6 1518 1 5 1.00 0.40 0.91 1.10 19 1.12 
36 1 87.40 17.48 0.92 C6 1518 1 4 0.39 0.29 1.02 0.99 32 0.74 
37 1 73.92 18.48 1.32 C4-C5 2606 1 1 0.71 0.26 0.91 1.11 55 0.57 
38 1 80.00 16.00 0.80 C4 1579 1 1 0.86 0.44 0.90 1.25 41 0.67 
39 1 80.00 16.00 0.80 C4 1579 1 4 2.01 1.28 0.64 2.07 6 0.86 
40 1 80.00 16.00 0.80 C4 1579 1 1 1.75 1.43 0.83 2.01 3 0.64 
41 1 73.92 18.48 1.32 C4-C5 2606 1 1 0.38 0.13 1.03 0.95 256 0.58 
42 1 73.92 18.48 1.32 C4-C5 2606 1 2 0.48 0.24 1.13 0.95 115 0.83 
43 1 73.92 18.48 1.32 C4-C5 2606 1 5 0.71 0.63 1.13 1.36 97 0.83 
44 1 73.92 18.48 1.32 C4-C5 2606 1 4 0.69 0.33 1.16 1.01 98 0.85 
45 1 108.00 21.60 1.80 C4 3078 1 6 0.85 0.63 1.81 0.37 8 2.96 
46 2 76.00 15.20 0.76 C4 1500 1 5 1.92 0.84 1.16 1.14 21 1.64 
47 2 76.00 15.20 0.76 C4 1500 1 5 2.67 1.00 1.27 1.30 28 1.42 

                                                             
3 For products that can be produced on line C4 and C5, the speed in this column is the speed at C4, which is 
~19.6% faster than C5. 
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48 2 76.00 15.20 0.76 C4 1500 1 5 1.30 1.44 0.44 0.77 1 2.68 
49 2 79.04 19.76 1.04 C6 1716 1 4 0.51 0.49 0.95 1.06 15 0.53 
50 2 79.04 19.76 1.04 C6 1716 1 2 0.42 0.31 1.06 1.15 67 0.29 
51 2 79.04 19.76 1.04 C6 1716 1 1 0.75 0.96 1.01 1.45 20 0.61 
52 2 79.04 19.76 1.04 C6 1716 1 4 0.56 0.38 0.78 0.82 20 0.56 
53 2 85.12 21.28 1.12 C6 1848 1 2 0.40 0.27 0.88 0.85 49 0.61 
54 1 73.92 18.48 1.32 C4-C5 2606 1 2 0.87 0.17 0.97 1.04 328 0.32 
55 1 84.00 16.80 0.84 C4 1658 1 5 1.57 0.63 0.88 1.25 12 1.14 
56 1 69.44 17.36 1.24 C4-C5 2448 1 4 2.13 1.45 0.81 2.06 13 1.42 
57 1 87.40 17.48 0.92 C6 1518 1 1 0.50 0.18 1.03 0.95 76 0.52 
58 1 73.92 18.48 1.32 C4-C5 2606 1 2 0.79 0.21 0.95 1.06 175 0.41 
59 1 73.92 18.48 1.32 C4-C5 2606 1 4 1.24 0.54 0.88 1.24 6 0.69 
60 1 73.92 18.48 1.32 C4-C5 2606 1 1 1.10 0.38 0.95 1.22 46 0.79 
61 1&2 69.44 17.36 1.24 C4-C5 2448 1 1: 4 

2: 5 
1: 0.61 
2: 1.31 

1: 0.56 
2: 1.41 

1: 1.49 
2: 1.29 

1: 0.89 
2: 1.67 

8 1: 0.74 
2: 1.17 

62 2 72.00 14.40 0.72 C4 1421 1 2 1.04 0.42 0.91 0.97 140 0.74 
63 2 72.00 14.40 0.72 C4 1421 1 3 0.74 0.37 0.75 0.78 24 0.96 
64 2 91.20 22.80 1.20 C6 1980 1 5 1.46 0.57 0.86 0.96 34 1.56 
65 1 87.40 17.48 0.92 C6 1518 5 3 1.12 0.33 0.91 1.21 45 1.42 
66 1 87.40 17.48 0.92 C6 1518 5 3 0.58 0.22 1.09 0.97 37 1.62 
67 1 87.40 17.48 0.92 C6 1518 5 5 0.57 0.47 0.97 1.10 9 2.33 
68 1 87.40 17.48 0.92 C6 1518 5 3 1.12 1.18 1.02 1.66 21 1.83 
69 1 82.80 16.56 0.69 C6 1518 5 4 0.40 0.19 1.28 0.81 4 3.08 
70 1 82.80 16.56 0.69 C6 1518 5 4 0.59 0.25 1.05 0.98 5 3.13 
71 1 82.80 16.56 0.69 C6 1518 5 4 0.74 0.08 1.03 0.98 14 3.08 
72 2 79.04 19.76 1.04 C6 1716 5 5 1.40 0.71 0.94 0.99 40 1.47 
73 2 85.12 21.28 1.12 C6 1848 5 2 1.01 0.68 0.98 1.02 69 0.96 
74 1 75.24 18.81 0.99 C4 2277 1 4 0.00 0.38 1.62 0.62 1 4.47 
75 1 75.24 18.81 0.99 C4 2277 1 4 0.00 0.44 1.80 0.56 0 4.47 
76 1 82.80 16.56 0.69 C6 1518 5 3 0.82 0.57 1.12 1.16 97 1.67 
77 1 82.80 16.56 0.69 C6 1518 5 3 0.54 0.23 1.06 0.94 31 1.78 
78 1 87.40 17.48 0.92 C6 1518 1 3 0.36 0.19 1.24 0.81 5 1.86 
79 1 87.40 17.48 0.92 C6 1518 1 3 0.56 0.28 1.37 0.72 11 2.25 
80 1 87.40 17.48 0.92 C6 1518 1 3 0.32 0.20 1.25 0.80 11 1.95 
81 2 91.20 22.80 1.20 C6 1980 1 5 2.02 1.28 1.35 1.88 33 0.96 
82 2 91.20 22.80 1.20 C6 1980 1 1 2.00 1.58 1.22 2.05 42 0.81 
83 2 91.20 22.80 1.20 C6 1980 1 5 2.02 1.31 1.43 1.41 1 1.62 
84 2 91.20 22.80 1.20 C6 1980 1 1 1.28 0.61 0.53 0.66 39 0.83 
85 1 82.80 16.56 0.69 C6 1518 5 3 0.66 0.36 1.06 1.07 61 1.91 
86 2 91.20 22.80 1.20 C6 1980 5 1 0.98 0.97 0.02 0.03 5 4.47 
87 2 79.04 19.76 1.04 C6 1716 5 1 1.38 1.14 1.09 1.65 13 1.37 
88 2 79.04 19.76 1.04 C6 1716 1 4 0.88 0.69 0.48 0.37 13 1.19 
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Appendix E – Production capacity regression 

The following steps were followed in developing the regression model for production capacity, as 

described by Hair et al. (2014): 

1) Define research problem (objective, dependent and independent variables) 

The aim of the research is to predict the available capacity in the production plant for FBNL 

production on lines C4, C5 and C6. The dependent variable is thus the percentage of capacity available 

for FBNL production during a week. Correlation analysis showed that the forecast that was made a 

week in advance and the demand during that week are good possibilities for the independent 

variable. However, there is also a high correlation between the forecast and the demand, and in this 

case, they should not both be included in the model (Hair et al., 2014). Thus, it is important to find 

out which of the variables creates the regression model with the best predictive power. 

2) Design the research 

In the period that is in the case study, there was a change in production strategy. In this production 

strategy change, the production flexibility was increased, and capacity for FBNL products was shifted 

from different lines to production lines C4, C5 and C6. For the analysis, it is most relevant to take into 

account this new production strategy, because we are interested in the impact of supply chain 

interventions on the current situation, and the old production strategy is outdated. In Figure 30 the 

capacity available for each line is shown, as well as the period after this strategy change. For this 

analysis, the sample size is limited to the period after the strategy change, so this limits the study to 

only 9 available observations for the regression analysis. This limited amount of observations also 

means that at most one significant predictor can be found, and as already mentioned, it does not make 

sense to include both the demand and forecast as a predictor, because they are highly correlated. In 

the regression analysis, a significance level of 0.05 is aimed for. 

 

Figure 30: Available capacity for FBNL production. 

In Figure 31 the inventory and CFR are plotted over time. The means of CFR (vs. company target) and 

inventory during the two different time periods (old vs new production strategy) are significantly 

different, with the means shown in Table 28. This indicates that under the new production strategy, 

the CFR is decreased and the inventory is increased. Nevertheless, these apparent differences can be 

explained by the difference of the demand and forecast in the new production strategy period. In 
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Figure 31, also the demand and forecast over time are shown, and it is seen that there is a big demand 

peak at the beginning of the new production strategy. This explains why the CFR is lower in that 

period. Furthermore, there is a significant positive correlation between the inventory and demand 

and forecast, and during the new production strategy, the demand and forecast are higher than the 

period preceding the new production strategy. Therefore, it is concluded that only using the new 

production strategy in the simulation model by itself does not impact the CFR and inventory levels. 

Instead, it provides the most relevant insights in the suggested supply chain interventions.  

Table 28: Descriptive statistics old vs new production strategy 

 Old production strategy New production strategy 

CFR -1.15% -2.16% 

Inventory 283 MSU 377 MSU 

Demand 178 MSU 192 MSU 

Forecast 187 MSU 198 MSU 

 

 

Figure 31: CFR, inventory, demand and forecast over case study time period 

In Table 29 the input values for the regression analysis are shown. In Figure 32, the relationship 

between the dependent and independent variables is shown. From visual inspection it seems that the 

8th observation could be an outlier. This week preceded a week with a lot of public holidays, so it 

could be that extra capacity was used in the week before to cover this.   

Table 29: Regression input values 

Total capacity available for FBNL (%) Forecast (MSU) Demand (MSU) 

40.6 175.6 127.9 

38.8 231.2 249.3 

46.8 242.5 296.8 

49.6 281.4 254.4 

30.7 163.4 145.6 

34.7 160.2 126.7 

37.4 183.4 201.4 

44.2 143.5 181.1 

31.8 201.5 147.5 
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Figure 32: Relationship between dependent and independent variables 

Based on the analysis as described above, there are four predictive models that are analyzed and 

compared, to select the model with the best predictive power.  

1. Independent variable = forecast (9 observations) 

2. Independent variable = forecast without outlier (8 observations) 

3. Independent variable = demand (9 observations) 

4. Independent variable = demand without outlier (8 observations) 

Predictive power is twofold, it should be statistically and practically significant. The practical 

significance, or explanatory power is explained by the R-squared (R2) value of the model, and the 

statistical significance is indicated by the p-values (<0.05 indicates desired significance) of the 

constant and the independent variable in the model. These four models are compared based on these 

measures. 

3) Check the assumptions 

Four underlying assumptions for the regression analysis were checked, to ensure the results could 

be interpreted correctly. The linearity of the relationship, the constant variance of error terms, 

independence of error terms and the normality of the error term distribution were visually inspected 

following described methods by (Hair et al., 2014), and for all of the models it was concluded that the 

underlying assumptions were appropriate. 

4) Analyze the results 

In Table 30, the results of the regression analysis are shown. From this analysis it becomes clear that 

the model which uses the forecast as an independent variable (without the outlier) has the highest 

predictive power (highest R2 and lowest p-value variable). Results also show that for this model, it 

cannot be said with certainty that the intercept (i.e. available capacity if the forecast is zero) is not 

zero. This is also logical, because if there is no demand forecasted for a week, no capacity is needed. 

Therefore, model 2 was chosen to predict the available capacity at the production site, as it has the 

highest predictive power. 
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Table 30: Comparison different regression models 

Model R2 p-value constant p-value variable Intercept Coefficient Error term 

1 0.329 0.0391 0.1061 22.964 0.0830 ~N(0, 5.356) 

2 0.660 0.1493 0.0142 12.828 0.1268 ~N(0, 3.922) 

3 0.491 0.0031 0.0354 25.218 0.0738 ~N(0, 4.665) 

4 0.561 0.0050 0.0324 24.081 0.0761 ~N(0, 4.457) 

 

With using model 2 to predict the total percentage of capacity available for FBNL of the production 

lines, the capacity has to be further divided over the 3 production lines. This is done based on the 

production history pattern. This pattern shows that in the relevant production history period, 22.3% 

of the capacity was allocated to line C4, 26% to line C5 and 51.7% to line C6. So, to transform the 

available capacity percentage to the minutes of capacity that are available for each production line, 

the following formulas (63-66) are used. 

 𝐴𝐶𝑤 = 12.828 +
0.1268

1000
∗ 𝐹𝑖,𝑙,𝑤

∗,1 + 𝜀 (63) 

 𝜀~𝑁(0, 3.992) (64) 

 𝐶𝐴𝑃𝑡,𝑚 =

𝐴𝐶
⌈
𝑡
5
⌉

100
∗ 3 ∗ 24 ∗ 60 ∗ 𝐿𝐷𝑚 (65) 

 𝐿𝐷 = (0.223, 0.260, 0.517) (66) 

When comparing the capacity in the simulation model (using 100 runs to find the average capacity 

per day) to the capacity we see in the production history, it is clear that this is very similar, as shown 

in Figure 33, with exception of the outlier which was removed in the model. Therefore, the capacity 

is assumed to be modeled correctly using this regression model. 

 

Figure 33: Simulated production capacity vs historical production capacity 
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Appendix F – Assessing uncertainty sources 

In Table 31, the historical and simulated demand and forecast per segment are shown, along with the 

confidence interval. It shows that for all segments except ‘D’, the true historical demand lies in the 

confidence interval as computed in the simulation, indicating the demand generation process is very 

accurate. For the ‘D’ segment, the historical demand is not in the confidence interval, but it is very 

close to the lower bound, so can still be regarded as accurate. The discrepancy between the historical 

demand and the simulated demand in segment ‘D’ can be explained by the fact that the historical 

forecast is also outside of the confidence interval of the simulated forecast.  

Table 31: Comparison of demand generation and forecast simulation per segment (in MSU) 

Segment 
Historical 

Demand 

Simulated demand (95% CI) 
Historical 

Forecast 

Simulated forecast (95% CI) 

lower 

bound 

average upper 

bound 

lower 

bound 

average upper 

bound 

S 1,009.02 1,002.23 1,008.46 1,014.70 1,049.31 1,041.88 1,048.05 1,054.22 

P 1,400.25 1,395.60 1,400.37 1,405.14 1,413.71 1,408.46 1,413.20 1,417.94 

A 488.19 480.01 490.05 500.08 539.69 530.40 541.07 551.74 

C 418.17 416.71 419.49 422.28 457.41 455.38 458.42 461.47 

E 370.77 366.15 369.24 372.34 373.28 370.84 373.58 376.33 

D 4.43 4.45 4.65 4.85 8.03 8.08 8.40 8.71 

Total 3,690.82 3,674.90 3,692.27 3,709.63 3,841.43 3,815.04 3,842.72 3,870.41 

 

When looking at the demand for each individual product, for 80 out of the 88 products the historical 

demand lies within the confidence interval of the simulation, so this is very accurate. For the 

remaining 8 products, the historical demand is very close to the bounds of the confidence interval, 

shown in Table 32, and is therefore still considered accurate. Note that product 6 is the product that 

makes up segment ‘D’. 

Table 32: Comparison of demand generation per product (in SU) 

Product 
Historical 

Demand 

Simulated demand (95% CI) 

lower 

bound 

average upper 

bound 

1 86,978 87,044 87,900 88,756 

2 45,266 45,300 46,042 46,783 

3 16,543 16,588 17,018 17,448 

4 33,123 30,812 31,890 32,967 

5 13,915 13,921 14,081 14,241 

6 (D) 4,428 4,448 4,650 4,851 

7 392 333 361 388 

8 253 215 233 251 
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Appendix G – Sensitivity analysis 

In this appendix, the results from the sensitivity analysis are shown. The parameters that are changed 

can be put into two groups: parameters impacting production management and parameters 

impacting inventory management. In the graphs, the error bars denote the confidence interval. 

Furthermore, the CFR is confidential, so the CFR levels shown are relative differences in p.p.  

Production management 

In Figure 34, it is seen that as the changeover time increases, the CFR decreases. The reason for this 

is that there is less time available for production if the changeover time is higher. As a result, also the 

inventory decreases, as well as the number of changeovers, because the production plant is not able 

to produce as much with this more restricted capacity. 

 

Figure 34: Sensitivity analysis - changeover time 

In Figure 35, it is seen that as the production capacity decreases, the CFR, inventory levels and 

number of changeovers decrease dramatically. However, if the production capacity increases, the 

CFR, inventory and number of changeovers increase, but they reach a limit. After all, the production 

plant will not produce more than what is required, even if there is more capacity available. 

  

Figure 35: Sensitivity analysis - available production capacity 

In Figure 36, the CFR for different combinations of the relative capacity available for line C4 and C5 

is shown. It is concluded that if C4 and C5 together have 50 or 60 % of the total capacity available, 

the CFR is the highest. Currently, the capacity available for C4 and C5 is 48%, and these lines are 
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considered the most capacity constrained. This analysis shows that if the capacity for (one of) these 

lines is increased, CFR can be increased.   

 

Figure 36: Sensitivity analysis - division of production capacity (CFR) 

In Figure 37, the inventory for different combinations of the relative capacity available for line C4 

and C5 is shown. If C4 and C5 together have 50 or 60 % of the total capacity available, the inventory 

is the highest, because all three production lines have more capacity available to produce the 

requested production orders. 

 

Figure 37: Sensitivity analysis - division of production capacity (inventory) 

In Figure 38, the number of changeovers for different combinations of the relative capacity available 

for line C4 and C5 is shown. If C4 and C5 together have 50 or 60 % of the total capacity available, the 

number of changeovers are generally higher, again because all three production lines have more 

capacity available to produce the requested production orders. 

 

Figure 38: Sensitivity analysis - division of production capacity (changeovers) 
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In Figure 39, it is seen that if the production speed decreases, the CFR decreases quite a lot. This is 

because in the available capacity, less products can be produced. Because of this, the inventory also 

decreases. When the production speed increases, the CFR increases, because more products can be 

produced. Also the inventory increases, more than if the capacity is increased, because when the 

production speed increases, also the minimum batch size of production increases, leading to more 

inventory in the system. The number of changeovers also increases, because more production 

batches can be produced with a higher production speed. Changing the production speed thus has 

the same effect on CFR, inventory and changeovers as changing the production capacity.  

 

Figure 39: Sensitivity analysis - production speed 

Figure 40 shows that if the minimum batch size decreases, the inventory and CFR both decrease, and 

the number of changeovers increases. When the number of changeovers increase, the time that 

cannot be spent on production increases, which effectively reduces the available production capacity, 

reducing the CFR and inventory.  

 

Figure 40: Sensitivity analysis - minimum production run time 

Inventory management 

Figure 41 shows the impact of changing the lead time to the DC on the CFR, inventory and number of 

changeovers. In this lead time change, only the change in transportation time is considered, so not 

the theoretical production frequency. In the current supply chain setup, the production frequency is 

not considered as a constraint in production, only in the inventory settings. Therefore, changing the 

theoretical production frequency would have the same impact as changing the transportation lead 

time. When the transportation lead time to the DC is increased, the inventory also increases.  This is 

because the demand during the lead time should be covered by inventory, which is thus larger. 
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Furthermore, it shows that with especially long lead times (4 or 5 days), the CFR also reduces. This 

is due to the fact that in this longer time frame, there is more certainty in demand, but the changes in 

demand are not reflected quickly in the supply chain. With a longer lead time, the changeovers in 

production decrease, because a longer lead time also leads to larger DC replenishment orders (to 

cover cycle stock) and thus larger production orders. This means that less products can be produced 

each day, reducing the number of changeovers. 

 

Figure 41: Sensitivity analysis - lead time to DC 

Figure 42 shows that when the target CFR is increased, the inventory and CFR increase, while the 

number of changeovers decreases slightly. This is because the reorder level increases due to this 

change, making the inventory be able to cover more uncertainty in demand, thereby improving the 

CFR. However, this increase in reorder level slightly increases the DC replenishment orders, 

decreasing the number of products that can be produced daily. 

 

Figure 42: Sensitivity analysis - target service level 

Figure 43 shows that the same effect of increasing the CFR level with the target service settings holds 

for the MAPE cap. Only the increase in MAPE cap CFR and inventory flattens out, due to the limited 

production capacity, which cannot keep up with the increased orders for inventory. Nevertheless, 

even when it is flattened out, the CFR and inventory are at a higher level than when the target CFR is 

increased to 99%. Also a similar effect of decreasing the number of changeovers with increased MAPE 

cap is found. 
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Figure 43: Sensitivity analysis - MAPE cap 

Figure 44 shows that using a different MOQ for the DC (i.e. case, layer or pallet) has limited impact 

on the supply chain performance level. The CFR, inventory levels and number of changeovers are not 

significantly different (all overlapping CI’s).  

 

Figure 44: Sensitivity analysis - MOQ DC 
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Appendix H – Model modification in scenarios 

In this appendix, the modifications that were done on the model to implement the scenarios are 

described. 

1. Adapting production sequencing decisions (PP) 

In production planning, the production requirements are ranked in terms of replenishment priority, 

and in this scenario then in terms of their segment. As mentioned in Chapter 2, a product can have 

multiple segments, because it can be replenished from multiple DCs. However, in production, only 

one segment can be considered. This segment is computed using (67). 

 𝑆𝑖,𝑡
𝑝𝑙𝑎𝑛𝑡

= min
𝑙∈{𝐷𝐶:𝑅𝑄𝑖,𝑡,𝑙>0}

𝑆𝑖
𝐷𝐶 (67) 

Using this segment in production sequencing changes the sequence as described in Figure 13. The 

adapted sequence is shown in Figure 45. 

 

Figure 45: Adapted production sequencing loop 

In the new adapted sequencing rule, within each set of priorities (1-4), the sequence of segments as 

described in the list below is also followed.  

There are four different segmentation sequencing rules that are evaluated in production planning 

scenario, to assess whether different prioritizations within the SPA segments provide different 

results: 

- SPA>C>E>D. S, P, and A are considered equally important, and are produced before C. C is in 

turn produced before E, and E is produced before D. Note that in this case still a production order 

for segment D with replenishment priority 1 is produced before a production order for segment 

S with replenishment priority 2. 

- S>P>A>C>E>D 

- P>S>A>C>E>D 

- A>P>S>C>E>D 
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Another way of adapting production sequencing decisions, is to restrict the replenishment priorities 

per segment. The following equations replace equation (10) and (11) in the original model, described 

in chapter 4. Here, two sub scenarios are analyzed: 

- Only SPA SKUs get replenishment priority 1 

 

𝑅𝑄𝑖,𝑡,𝑙

=

{
 
 
 

 
 
 ⌈
max(𝐾𝐷𝑖,𝑡,𝑙 , 𝐾𝐹𝑖,𝑡,𝑙) + 𝑆𝑆𝑖,𝑡,𝑙 − 𝐼𝑃𝑖,𝑡,𝑙

𝑀𝑂𝑄𝑖,𝑙
⌉ ∗ 𝑀𝑂𝑄𝑖,𝑙 𝑖𝑓 (𝑃𝑆𝐷𝑖,𝑡,𝑙 < 0) ∧ (𝑆𝑖,𝑙

𝐷𝐶 ≤ 3)

⌈
𝐾𝐹𝑖,𝑡,𝑙 + 𝑆𝑆𝑖,𝑡,𝑙 − 𝐼𝑃𝑖,𝑡,𝑙

𝑀𝑂𝑄𝑖,𝑙
⌉ ∗ 𝑀𝑂𝑄𝑖,𝑙 𝑒𝑙𝑠𝑒 𝑖𝑓 𝑃𝑆𝐹𝑖,𝑡,𝑙 < 0

⌈
𝑆𝑆𝑖,𝑡,𝑙 − 𝐼𝑃𝑖,𝑡,𝑙
𝑀𝑂𝑄𝑖,𝑙

⌉ ∗ 𝑀𝑂𝑄𝑖,𝑙 𝑒𝑙𝑠𝑒 𝑖𝑓 𝐼𝑃𝑖,𝑡,𝑙 < 𝑆𝑆𝑖,𝑡,𝑙

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 
(68) 

   

  𝑅𝑃𝑖,𝑡,𝑙 =

{
 
 

 
 
1 𝑖𝑓 (𝑃𝑆𝐷𝑖,𝑡,𝑙 < 0) ∧ (𝑆𝑖,𝑙

𝐷𝐶 ≤ 3)

2 𝑒𝑙𝑠𝑒 𝑖𝑓 𝑃𝑆𝐹𝑖,𝑡,𝑙 < 0

3 𝑒𝑙𝑠𝑒 𝑖𝑓 𝐼𝑃𝑖,𝑡,𝑙 < 0.65 ∗ 𝑆𝑆𝑖,𝑡,𝑙
4 𝑒𝑙𝑠𝑒 𝑖𝑓 𝐼𝑃𝑖,𝑡,𝑙 < 𝑆𝑆𝑖,𝑡,𝑙
5 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (69) 

- Only SPA SKUs get replenishment priority 1 or 2 

 

𝑅𝑄𝑖,𝑡,𝑙

=

{
 
 
 

 
 
 ⌈
max(𝐾𝐷𝑖,𝑡,𝑙 , 𝐾𝐹𝑖,𝑡,𝑙) + 𝑆𝑆𝑖,𝑡,𝑙 − 𝐼𝑃𝑖,𝑡,𝑙

𝑀𝑂𝑄𝑖,𝑙
⌉ ∗ 𝑀𝑂𝑄𝑖,𝑙 𝑖𝑓 (𝑃𝑆𝐷𝑖,𝑡,𝑙 < 0) ∧ (𝑆𝑖,𝑙

𝐷𝐶 ≤ 3)

⌈
𝐾𝐹𝑖,𝑡,𝑙 + 𝑆𝑆𝑖,𝑡,𝑙 − 𝐼𝑃𝑖,𝑡,𝑙

𝑀𝑂𝑄𝑖,𝑙
⌉ ∗ 𝑀𝑂𝑄𝑖,𝑙 𝑒𝑙𝑠𝑒 𝑖𝑓 (𝑃𝑆𝐹𝑖,𝑡,𝑙 < 0) ∧ (𝑆𝑖,𝑙

𝐷𝐶 ≤ 3)

⌈
𝑆𝑆𝑖,𝑡,𝑙 − 𝐼𝑃𝑖,𝑡,𝑙
𝑀𝑂𝑄𝑖,𝑙

⌉ ∗ 𝑀𝑂𝑄𝑖,𝑙 𝑒𝑙𝑠𝑒 𝑖𝑓 𝐼𝑃𝑖,𝑡,𝑙 < 𝑆𝑆𝑖,𝑡,𝑙

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 
(70) 

   

  𝑅𝑃𝑖,𝑡,𝑙 =

{
 
 

 
 
1 𝑖𝑓 (𝑃𝑆𝐷𝑖,𝑡,𝑙 < 0) ∧ (𝑆𝑖,𝑙

𝐷𝐶 ≤ 3)

2 𝑒𝑙𝑠𝑒 𝑖𝑓 (𝑃𝑆𝐹𝑖,𝑡,𝑙 < 0) ∧ (𝑆𝑖,𝑙
𝐷𝐶 ≤ 3)

3 𝑒𝑙𝑠𝑒 𝑖𝑓 𝐼𝑃𝑖,𝑡,𝑙 < 0.65 ∗ 𝑆𝑆𝑖,𝑡,𝑙
4 𝑒𝑙𝑠𝑒 𝑖𝑓 𝐼𝑃𝑖,𝑡,𝑙 < 𝑆𝑆𝑖,𝑡,𝑙
5 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (71) 

 

All sub scenarios analyzed in the production sequencing scenario are listed in Table 33. 

Table 33: Sub scenarios production sequencing 

# Sub scenario # Sub scenario 

1 SPA>C>E>D 4 A>P>S>C>E>D 

2 S>P>A>C>E>D 5 Only SPA priority 1 

3 P>S>A>C>E>D 6 Only SPA priority 1 & 2 
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2. Adapting the production frequency (PF)  

Currently, P&G produces a product every day if the priority is high enough. While there are 

theoretical production frequencies that are used in determining the NRLT and reorder levels, in 

planning production these are not considered. In the scenario where production frequencies are 

adapted, it is checked whether the days since the last production of an order are higher than the 

production frequency, because then it is ‘allowed’ to produce this product again. Only if this is the 

case, the production order is planned for production. Equation (72) replaces equation (14) in the 

original model. 

 𝑃𝑅𝑡,𝑖,𝑎 = {
max (𝑃𝑂𝑖,𝑡,𝑀𝑃𝑅𝑖 ∗ max

𝑚∈𝑀
(𝑃𝑆𝑖,𝑚,𝑎)) 𝑖𝑓 (𝑃𝑂𝑖,𝑡 > 0) ∧ (𝑃𝐹𝑡,𝑖

𝑑𝑎𝑦𝑠
≥ 𝑃𝐹𝑖)

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (72) 

 
𝑃𝐹𝑡+1,𝑖

𝑑𝑎𝑦𝑠
= {

1 𝑖𝑓 (𝑃𝑄𝑡,𝑖
𝑝𝑙𝑎𝑛𝑛𝑒𝑑

> 0)

𝑃𝐹𝑡,𝑖
𝑑𝑎𝑦𝑠

+ 1 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

(73) 

For this scenario, 26 sub scenarios are analyzed, as shown in Table 34. In the sub scenario with the 

current production strategy, equation (72) and (73) are used instead of equation (14), but with the 

original production frequencies as stated in the current production strategy. 

Table 34: Sub scenarios production frequency 

# SPA PF CED PF # SPA PF CED PF 

1 current production strategy 14 3 3 

2 1 1 15 3 5 

3 1 2 16 3 10 

4 1 3 17 5 1 

5 1 5 18 5 2 

6 1 10 19 5 3 

7 2 1 20 5 5 

8 2 2 21 5 10 

9 2 3 22 10 1 

10 2 5 23 10 2 

11 2 10 24 10 3 

12 3 1 25 10 5 

13 3 2 26 10 10 

 

3. Adapting the production batch size (PB) 

The production batch size is changed by adapting the 𝑀𝑃𝑅𝑖 value based on the segment. Currently, a 

consistent Minimum Production Run time of 1 hour is used for all products. In this scenario analysis, 

16 sub scenarios are analyzed, as shown in Table 35. 
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Table 35: Sub scenarios production batch size 

# SPA MPR CED MPR # SPA MPR CED MPR 

1 0.5 0.5 9 1.5 0.5 

2 0.5 1 10 1.5 1 

3 0.5 1.5 11 1.5 1.5 

4 0.5 2 12 1.5 2 

5 1 0.5 13 2 0.5 

6 1 1 14 2 1 

7 1 1.5 15 2 1.5 

8 1 2 16 2 2 

 

4. Adapting the reorder level settings (SS) 

In adapting the reorder level settings, the CFR targets are differentiated per segment, and the MAPE 

caps are adapted. In this scenario, 17 sub scenarios are analyzed, as shown in Table 36. For the CFR 

targets, the CFR targets as shown in Table 1 are used per segment. 

Table 36: Sub scenarios reorder level settings 

# CFR 

target 

SPA MAPE 

cap 

CED MAPE 

cap 

# CFR 

target 

SPA MAPE 

cap 

CED MAPE 

cap 

1 x 1 1 10  1.5 1 

2  1 0.5 11  1.75 0.5 

3  1 0.75 12  1.75 0.75 

4  1 1 13  1.75 1 

5  1.25 0.5 14  2 0.5 

6  1.25 0.75 15  2 0.75 

7  1.25 1 16  2 1 

8  1.5 0.5 17 x 1 0.5 

9  1.5 0.75     
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Appendix I – Scenario selection 

In this appendix, the analysis that was conducted to select a sub-scenario as a supply chain 

intervention is explained. For every scenario, the sub-scenarios are outlined in a detailed manner in 

Appendix H. In the selection of scenarios, interventions were chosen that increased CFR, reduced 

inventory, or did both simultaneously. In the graphs, two axes are used. the left axis is used to show 

the change in CFR, and the right axis to show the change in inventory. Furthermore, a thick black line 

is used to show the horizontal axis that passes through the origin of the CFR axis. The aim is to select 

only sub-scenarios that do not decrease the CFR, so that do not score below this horizontal axis for 

SPA or overall CFR.  

1. Adapting production sequencing decisions (PP) 

 

Figure 46: Production planning sub-scenarios 

In Figure 46, the SC performance of the different production planning sub-scenarios is shown. From 

this analysis, sub-scenario 2 gives the highest increase in overall and SPA CFR, with the largest 

reduction in inventory. Thus, this sub-scenario is chosen to represent the production sequencing 

intervention. In this scenario, the Strategic products are planned for production first, followed by 

Priority, Agile, Core, Elementary, and to be Discontinued.  

2. Adapting the production frequency (PF)  

 

Figure 47: Production frequency sub-scenarios 
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In Figure 47, it becomes evident that there are enormous differences in the inventory with different 

sub-scenarios (leading to an inventory increase of almost 70%). From this analysis, sub-scenario 7 

gives the highest increase in overall and SPA CFR, with the largest reduction in inventory (-9%). Other 

sub-scenarios that have a slightly higher increase in CFR, achieve this at a large increase of inventory, 

and are thus considered less suitable. Thus, sub-scenario 7 is chosen to represent the production 

frequency intervention. In this scenario, the SPA products can be produced every other day, and the 

CED products every day. This is in line with findings from Sox et al. (1997). 

3. Adapting the production batch size (PB) 

 

Figure 48: Production batch size sub-scenarios 

In Figure 48, the SC performance of the different production batch size sub-scenarios is shown. From 

this analysis, sub-scenario 13 gives the highest increase in overall and SPA CFR, at a small increase 

of inventory (+4%). Sub-scenario 8 gives a slightly higher increase in CFR, but here the inventory 

increases with 12%, which is not worth the minor CFR increase. Thus, sub-scenario 13 is chosen to 

represent the production batch size intervention. In this scenario, the SPA products have a minimum 

batch size of 2 hours of production time, while the CED products only have to be produced for 0.5 

hours. 

4. Adapting the reorder level settings (SS) 

 

Figure 49: Safety stock sub-scenarios 

In Figure 49, the SC performance of the different safety stock sub-scenarios is shown. From this 

analysis, sub-scenario 17 gives the highest increase in SPA CFR, whilst simultaneously decreasing the 

inventory (-3%). Thus, this sub-scenario is chosen to represent the safety stock intervention. In this 

scenario, every product has their own specific CFR target. Furthermore, the SPA products have a 

MAPE cap of 100%, while for CED products this is only 50%. 
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Appendix J – Scenario results scatter plots 

In this appendix, the results found in Table 21 in section 5.3.2 are visualized. From Figure 50 we can 

conclude that all supply chain interventions reduce the overall inventory. We see that this is because 

all interventions reduce the inventory for CED products, so even when the SPA inventory is increased, 

the overall inventory still decreases. Furthermore, there are some supply chain interventions seen in 

Figure 50 that decrease the overall CFR (4, 11, 14, 16), so these supply chain interventions are not 

appropriate to aim for supply chain performance improvement.  

 

Figure 50: Scenario analysis - overall service level and SPA vs CED inventory 

From Figure 51, we can conclude that almost all interventions increase the CFR of SPA products. 

However, we observe that for a lot of interventions, this comes at the cost of dramatically decreasing 

the CFR on CED products, which seems undesirable. The conclusion on which interventions are 

effective depends on the tradeoff between service, inventory and production costs, as described in 

section 5.3.3. 

 

Figure 51: Scenario analysis SPA and CED service level 
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Appendix K – Utilization rate impact on inventory 
and service 

In Figure 52, the relationship between the average utilization rate of production and the CFR is 

depicted. It is seen that for lower levels of the average utilization rate, the CFR is generally higher, 

and vice versa. This indicates a negative (non-linear) relationship between average utilization rate 

and CFR. Hopp and Spearman (2011) find a non-linear relationship between utilization and cycle 

time, and find that the cycle time is extremely sensitive to the utilization rate. Thus, when the 

utilization rate becomes higher, the cycle time increases even more. This indicates that the lead time 

increases, and this in turn could be a reason that the CFR decreases.  

 

Figure 52: Relationship utilization and CFR 

In Figure 53, the relationship between the utilization rate of the production line with the maximum 

utilization and the inventory levels is depicted. It is seen that for higher levels of the maximum 

utilization rate, the inventory is generally higher, and vice versa. This indicates a positive relationship 

between maximum utilization rate and inventory. 

 

Figure 53: Relationship utilization and inventory 
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Appendix L – Tradeoff sensitivity analysis 

In section 5.3.3, assumptions were made about the cost values used as input for the tradeoff analysis. 

In this appendix, the impact of varying the cost values (taking half of the value and doubling the value) 

is shown. As seen in Figures 57 and 58, the sales ratio and changeover costs have the biggest impact 

on the size of the benefits per intervention. Nevertheless, the four interventions (PF, PP+PF, PF+SS, 

PP+PF+PB) that were identified in Chapter 5 as the most beneficial, remain the most beneficial 

interventions. 

 

Figure 54: Impact of sales ratio input and changeover costs 

In Figure 54 it is seen that a higher sales ratio (i.e. a higher gain in sales volume when CFR is 

improved) leads to higher total benefits. This is due to an increase in the sales benefits. Furthermore, 

it is seen that when the changeover costs increase, the cost savings are increased a lot in scenario’s 

where the number of changeovers is reduced. On the other hand, if the number of changeovers 

increases in a scenario, production costs are increased instead of reduced.  

 

Figure 55: Impact of inventory carrying cost input 

In Figure 55, it is seen that the impact of inventory carrying cost input is quite small, as it is the 

smallest benefit component in this supply chain setup. 
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Appendix M – Supply driven segmentations 

When creating the different supply driven segmentation rules, it was ensured that approximately the 

same volume would be in each segment, to allow for a valid comparison to the business-driven 

segmentation. In Table 37, an overview is given of how much volume is present in each segment for 

each of the different supply-driven segmentation methods. 

Table 37: Volume in segments given different supply driven segmentation rules 

 Business 

driven 

Volume 

driven 

Volatility 

driven 

Forecasting 

accuracy 

driven 

Production 

frequency 

driven 

S 27.5 % 28.2 % 26.6 % 30.3 % 28.2 % 

P 36.8 % 35.2 % 37.5 % 34.4 % 36.5 % 

A 14.0 % 14.4 % 13.1 % 14.1 % 13.1 % 

C 11.8 % 12.1 % 14.5 % 11.3 % 11.2 % 

E 9.7 % 10.0 % 8.1 % 9.4 % 10.2 % 

D 0.2 % 0.2 % 0.2 % 0.6 % 0.9 % 

 

in Table 38, the impact of these different segmentation rules on complexity is shown. As expected, if 

volume is used as the main segmentation criteria, the complexity in the SPA portfolio decreases the 

most. 

Table 38: Complexity of SPA portfolio in different segmentation rules 

 % of SKUs in SPA (FR) % of SKUs in SPA (BNL) 

Business driven 50 % 55 % 

Volume driven 33 % 35 % 

Volatility driven 53 % 68 % 

Forecasting accuracy driven 62 % 48 % 

NRLT 55 % 39 % 

 

In Table 39, the resulting segment values for each of the products is given, considering the four 

different segmentation rules.  

Table 39: Supply driven segmentation values 

SKU Business Volume Volatility Forecasting 

accuracy 

NRLT SKU Business Volume Volatility Forecasting 

accuracy 

NRLT 

1 4 3 3 5 3 45 6 5 5 5 3 

2 3 1 4 2 1 46 5 5 5 4 4 

3 3 5 5 1 4 47 5 4 4 5 3 

4 5 5 5 1 4 48 5 5 5 5 5 

5 5 6 6 5 4 49 4 5 1 3 4 

6 5 5 6 5 4 50 2 2 1 1 2 

7 3 5 2 3 5 51 1 5 2 5 4 

8 3 5 2 3 5 52 4 5 1 2 4 

9 1 5 2 4 5 53 2 2 1 1 2 
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10 1 5 5 4 5 54 2 1 1 1 1 

11 4 5 5 5 4 55 5 5 3 5 3 

12 4 5 5 5 4 56 4 5 4 6 3 

13 5 4 3 4 3 57 1 2 1 1 2 

14 2 2 1 2 2 58 2 1 1 1 1 

15 4 4 2 4 3 59 4 5 2 4 3 

16 1 3 2 2 2 60 1 3 2 3 2 

17 5 5 3 2 3 61 1: 4 

2: 5 

1: 5 

2: 5 

1: 2 

2: 3 

1: 4 

2: 5 

1: 3 

2: 5 

18 2 2 1 2 2 62 2 2 2 2 2 

19 1 3 2 2 2 63 3 4 2 1 3 

20 4 4 2 2 3 64 5 3 5 3 3 

21 4 4 3 4 3 65 3 3 4 2 5 

22 4 5 3 5 3 66 3 4 4 1 5 

23 1 2 4 4 4 67 5 5 5 4 6 

24 4 4 4 3 5 68 3 4 5 5 5 

25 1 3 4 4 4 69 4 5 5 1 6 

26 3 4 3 3 5 70 4 5 5 2 6 

27 4 4 4 4 3 71 4 5 5 1 6 

28 1 1 3 3 1 72 5 3 5 4 5 

29 1: 1 

2: 4 

1: 5 

2: 5 

1: 2 

2: 3 

1: 5  

2: 5 

1: 4 

2: 5 

73 2 2 2 3 5 

30 4 5 2 3 5 74 4 6 6 3 4 

31 1 5 2 2 4 75 4 6 6 3 4 

32 1: 2 

2: 2 

1: 6 

2: 2 

1: 5 

2: 3 

1: 1 

2: 2 

1: 4 

2: 2 

76 3 2 4 4 4 

33 2 2 2 2 2 77 3 4 5 2 5 

34 5 4 3 2 3 78 3 5 5 1 4 

35 5 5 3 3 3 79 3 5 5 2 3 

36 4 4 2 2 3 80 3 5 5 1 3 

37 1 3 1 2 2 81 5 4 2 5 3 

38 1 4 2 3 3 82 1 3 2 5 2 

39 4 5 2 6 4 83 5 5 5 5 5 

40 1 6 2 6 4 84 1 3 2 3 2 

41 1 1 2 1 1 85 3 3 5 2 4 

42 2 2 2 2 2 86 1 5 5 5 5 

43 5 2 2 5 2 87 1 5 4 5 5 

44 4 2 2 2 2 88 4 5 3 4 5 
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Appendix N – Segmentation rules performance 

In this appendix, the detailed results for the different supply-driven segmentation rules are shown. 

These different segmentation rules have a different base scenario, and therefore also different 

targets. The CFR Δ is measured in p.p. for confidentiality reasons, while the inventory Δ is measured 

as the relative change in percentage versus the base scenario. It is concluded that in all segmentation 

rules, the same 5 supply chain interventions are the most beneficial interventions, indicating 

robustness of these results. 

Table 40: Scenario analysis results – volume driven segmentation 

Scenario  Overall 

CFR Δ 

SPA 

CFR Δ 

CED 

CFR Δ 

SPA – 

CED CFR 

Overall 

INV Δ % 

SPA 

INV Δ % 

CED 

INV Δ % 

COs 

1. base - - - -1.11 - - - - 

2. PP +0.08 +0.18 -0.35 -0.58 - +2 % -4 % +0.2 

3. PF +0.21 +0.34 -0.27 -0.50 -9 % - -24 % -1.1 

4. PB -0.24 -0.27 -0.18 -1.21 -5 % - -14 % +2.1 

5. SS -0.06 +0.02 -0.36 -0.73 -4 % +8 % -21 % - 

6. PP+PF +0.15 +0.47 -1.01 +0.37 -8 % +3 % -25 % -0.9 

7. PP+PB -0.09 +0.07 -0.70 -0.35 -6 % +1 % -17 % +2.2 

8. PP+SS - +0.22 -0.80 -0.09 -3 % +9 % -23 % +0.2 

9. PF+PB +0.08 +0.25 -0.56 -0.31 -16 % -2 % -39 % +1.2 

10. PF+SS +0.12 +0.34 -0.67 -0.10 -12 % +6 % -41 % -1.1 

11. PB+SS -0.21 -0.10 -0.58 -0.63 -10 % +6 % -36 % +2.2 

12. PP+PF+PB +0.31 +0.66 -0.99 +0.54 -9 % +11 % -40 % -0.3 

13. PP+PF+SS +0.14 +0.60 -1.53 +1.01 -11 % +9 % -42 % -1.0 

14. PP+PB+SS -0.20 +0.07 -1.21 +0.16 -10 % +8 % -38 % +2.2 

15. PF+PB+SS -0.01 +0.26 -0.98 +0.13 -19 % +4 % -56 % +1.3 

16. All -0.03 +0.48 -1.90 +1.26 -17 % +7 % -57 % +1.2 

Target >+0.25 >+0.83 >-1.91 >+1.63     

 

 

Figure 56: Benefits in volume driven framework 
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From Table 40 and Figure 56, it can be concluded that when the portfolio is segmented solely on the 

basis of volume, implementing intervention PP+PF+PB is the most effective intervention to achieve 

the overall CFR target. However, implementing PP+PF+SS is more effective in reducing inventory and 

reducing the number of changeovers. All in all, just adapting the production frequency is most 

beneficial, followed by PP+PF, PF+SS, PP+PF+PB and PP+PF+SS which are all equally beneficial. 

Table 41: Scenario analysis results – volatility driven segmentation 

Scenario  Overall 

CFR Δ 

SPA 

CFR Δ 

CED 

CFR Δ 

SPA – 

CED CFR 

Overall 

INV Δ % 

SPA 

INV Δ % 

CED 

INV Δ % 

COs 

1. base - - - -1.35 - - - - 

2. PP +0.06 +0.10 -0.22 -1.03 -1 % +1 % -4 % +0.2 

3. PF +0.27 +0.51 -0.62 -0.22 -10 % +21% -41 % -1.0 

4. PB -0.05 -0.05 -0.05 -1.35 -3 % - -6 % +0.9 

5. SS -0.08 -0.02 -0.27 -1.11 -10 % +6 % -25 % -0.2 

6. PP+PF +0.27 +0.63 -1.23 +0.51 -10 % +23 % -42 % -0.9 

7. PP+PB +0.03 +0.10 -0.38 -0.87 -4 % +1 % -9 % +1.0 

8. PP+SS +0.08 +0.24 -0.63 -0.48 -9 % +5 % -26 % - 

9. PF+PB +0.20 +0.45 -0.74 -0.16 -14 % +21 % -48 % +0.1 

10. PF+SS +0.27 +0.62 -0.97 +0.24 -15 % +28 % -58 % -0.9 

11. PB+SS -0.07 -0.01 -0.30 -1.06 -13 % +6 % -32 % +0.8 

12. PP+PF+PB +0.37 +0.69 -0.95 +0.29 -3 % +42 % -49 % -2.2 

13. PP+PF+SS +0.20 +0.66 -1.68 +0.98 -14 % +30 % -58 % -0.9 

14. PP+PB+SS +0.01 +0.18 -0.75 -0.41 -13 % +7 % -32 % +0.8 

15. PF+PB+SS +0.15 +0.50 -1.12 +0.27 -19 % +28 % -65 % +0.2 

16. All +0.16 +0.65 -1.86 +1.16 -18 % +30 % -65 % +0.1 

Target >+0.28 >+0.92 >-2.06 >+1.63     

 

 

Figure 57: Benefits in volatility driven segmentation 

From Table 41 and Figure 57 it can be concluded that when the portfolio is segmented solely on the 

basis of demand volatility, implementing PP+PF+PB is the most effective intervention in terms of 

benefits, because it achieves the overall CFR target, and reduces the production changeovers a lot. 
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Table 42: Scenario analysis results – forecasting accuracy driven segmentation 

Scenario  Overall 

CFR Δ 

SPA 

CFR Δ 

CED 

CFR Δ 

SPA – 

CED CFR 

Overall 

INV Δ % 

SPA 

INV Δ % 

CED 

INV Δ % 

COs 

1. base - - - +0.30 - - - - 

2. PP -0.01 +0.37 -1.45 +2.12 - +2 % -4 % +0.2 

3. PF +0.24 +0.44 -0.51 +1.25 -9 % +5 % -31 % -1.1 

4. PB -0.09 -0.04 -0.26 +0.52 -4 % - -9 % +1.3 

5. SS -0.09 +0.08 -0.74 +1.12 -5 % +8 % -26 % -0.1 

6. PP+PF +0.17 +0.74 -2.03 +3.07 -8 % +8 % -33 % -0.9 

7. PP+PB -0.09 +0.34 -1.70 +2.33 -3 % +2 % -12 % +1.4 

8. PP+SS -0.02 +0.52 -2.07 +2.88 -5 % +9 % -29 % +0.1 

9. PF+PB +0.14 +0.37 -0.76 +1.43 -13 % +5 % -40 % +0.4 

10. PF+SS +0.02 +0.43 -1.49 +2.21 -12 % +12 % -51 % -1.0 

11. PB+SS -0.23 +0.01 -1.06 +1.36 -10 % +7 % -36 % +1.3 

12. PP+PF+PB +0.29 +0.84 -1.80 +2.94 -2 % +23 % -42 % -1.7 

13. PP+PF+SS -0.02 +0.78 -3.01 +4.08 -11 % +15 % -52 % -0.9 

14. PP+PB+SS -0.12 +0.47 -2.33 +3.10 -9 % +9 % -38 % +1.3 

15. PF+PB+SS -0.02 +0.47 -1.67 +2.38 -16 % +12 % -60 % +0.4 

16. All -0.06 +0.79 -3.26 +4.35 -15 % +13 % -61 % +0.4 

Target >+0.31 >+0.58 >-0.75 >+1.63     

 

 

Figure 58: Benefits in forecasting accuracy driven framework 

From Table 42 and Figure 58 it can be concluded that when the portfolio is segmented solely on the 

basis of forecasting accuracy, implementing PP+PF+PB is the most beneficial intervention. 
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Table 43: Scenario analysis results – production frequency driven segmentation 

Scenario  Overall 

CFR Δ 

SPA 

CFR Δ 

CED 

CFR Δ 

SPA – 

CED CFR 

Overall 

INV Δ % 

SPA 

INV Δ % 

CED 

INV Δ % 

COs 

1. base - - - -1.77 - - - - 

2. PP +0.20 +0.25 -0.15 -1.38 - +1 % -1 % +0.2 

3. PF +0.30 +0.57 -0.69 -0.51 -10 % +28 % -44 % -1.0 

4. PB +0.03 +0.06 -0.05 -1.67 -4 % - -8 % +1.4 

5. SS +0.12 +0.18 -0.10 -1.49 -10 % +7 % -25 % -0.2 

6. PP+PF +0.39 +0.75 -1.00 -0.02 -9 % +31 % -44 % -0.8 

7. PP+PB +0.16 +0.23 -0.26 -1.28 -4 % - -7 % +1.5 

8. PP+SS +0.26 +0.38 -0.31 -1.09 -10 % +8 % -26 % -0.1 

9. PF+PB +0.34 +0.65 -0.78 -0.33 -14 % +28 % -52 % +0.6 

10. PF+SS +0.34 +0.69 -0.94 -0.14 -14 % +36 % -59 % -1.1 

11. PB+SS +0.06 +0.13 -0.23 -1.14 -14 % +6 % -32 % +1.1 

12. PP+PF+PB +0.51 +0.85 -0.83 -0.09 -5 % +48 % -52 % -1.4 

13. PP+PF+SS +0.38 +0.79 -1.25 +0.27 -13 % +39 % -60 % -1.0 

14. PP+PB+SS +0.25 +0.39 -0.40 -0.98 -14 % +8 % -33 % +1.2 

15. PF+PB+SS +0.28 +0.69 -1.22 +0.14 -18 % +36 % -66 % +0.6 

16. All +0.28 +0.77 -1.62 +0.62 -18 % +38 % -67 % +0.6 

Target >+0.38 >+1.11 >-2.29      

 

 

Figure 59: Benefits in production frequency driven framework 

From Table 43 and Figure 59 it can be concluded that when the portfolio is segmented solely on the 

basis of production frequency, implementing adapted PP+PF+PB is the most beneficial intervention. 

However, it does not make logical sense to segment the products based on production frequency, and 

then change this production frequency.  
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Appendix O – Poster  

 


