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I. Abstract 
Philips is working on optimizing its warehouse footprint. In this initiative, Philips tries to improve customer 

experience, decrease cost and optimize warehouse infrastructure. In this thesis, the supply chain of Philips 

Australia is modeled in Supply chain guru and several scenarios are created to find the optimal solution 

based on influencing quantitative and qualitative factors. The scenario results show that a redesigned 

supply chain network is possible that reduces the total cost by 6% while increasing the percentage of 1 

day deliveries by almost 13%. 
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III. Management Summary 
Introduction 

Philips tries to connect with customers in the whole cycle of healthcare. They do this with three different 

areas of expertise. These include, Personal Health, Diagnosis & Treatment and Connected Care. To serve 

in these three areas, Philips is divided into four product groups: Personal Health, Health Systems, Sleep 

and Respiratory care and Spare parts. This project focusses on the business of Philips Australia by 

considering the supply chains of Personal Health, Health Systems and Sleep and Respiratory Care. During 

this research, the current situation is modeled, influencing factors are determined and supply chain 

scenarios are considered. 

 

The supply chain of Philips Australia consists of several warehouses across Australia; these warehouses 

store products of a single product group. The warehouses are restocked by regional distribution centers 

all over the world. Philips wanted to know what the optimal warehousing strategy is to use in Australia. 

The literature showed several facility location problem models to tackle this problem. However, the 

literature also showed that more factors then that are usually considered in these type of models could 

influence the decision-making. These factors can be split up in quantitative and qualitative factors. The 

quantitative factors directly affect the cost parameters in the model while the qualitative factors require 

personal related changes to the model. Therefore, this research combined the literature on facility 

location problems and influencing factors together to come to the best solution for Philips Australia. This 

resulted in the following research questions with corresponding sub questions. 

 

What are the optimal warehouse locations for Philips Health Australia based on quantitative and 

qualitative factors? 

 

 Which factors can influence the optimal warehousing strategy for Philips Health Australia? 

 What is the optimal warehousing strategy for Philips Health Australia based on the model costs? 

 What are the influences of the quantitative and qualitative factors on the cost optimal 

warehousing strategy of Philips Health Australia? 

 What is the new warehousing strategy that Philips Health Australia should implement based on 

the trade-off between costs and the effects of the quantitative and qualitative factors? 

 

Modeling 

The first step of finding the best solution for Philips was setting up a multi echelon, multi product and 

multi-period model. This mathematical model is solved by the use of the software tool Supply Chain Guru. 

With the use of the mathematical model and the software tool, the current situation was calculated.  

Next, the cost optimal warehousing strategy was calculated with the use of the model, in this cost optimal 

solution the model determined the optimal allocation of products and customers to the warehouses.  

With the current situation and the cost optimal solution in place, 13 more scenarios are created to 

calculate the influences of the quantitative and qualitative factors on the cost optimal solution. The five 

factors that are considered are Employee preferences, Community, Labor and Global competition, Product 

specific warehouse requirements and Market proximity. By comparing the results of the scenarios, the 

best solution for Philips Australia can be picked. 
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Results 

In total, with the sub scenarios included, 25 scenarios are created. These scenarios are categorized in 

three groups: original scenarios, most likely to be implemented. Sensitivity scenarios, used to check factor 

influences and solution robustness. And finally, extreme scenarios with supply chain set-up that require 

major changes.  

All these scenarios are compared to the current situation and the cost optimal solution based on model 

cost, service time and inventory consequences. Table i gives the results of the most interesting scenarios. 

The model and inventory cost are given in percentages of the current situation and of the cost optimal 

solution. The 1 day service time are given in percentages of total deliveries. Final savings indicate the 

savings achievable according to the model minus the cost of extra inventory. 

  
Table i, Summary scenario results 

Scenario Model 
cost 
% of 
current 

Model 
cost 
% of 
optimal 

Inventory 
value 
% of 
current 

Inventory 
value 
% of 
optimal 

1 day  
service 
time 

Final  
savings 

1. Current situation 100% 107% 100% 96% 87%  $             -    

2. Cost optimal 93% 100% 104% 100% 97%  $  604,600  

4. Schenker all 95% 102% 92% 88% 86%  $  632,400  

15. Adding 2 warehouses 88% 95% 121% 116% 99%  $  817,400  

 

The cost optimal solution results in savings of $604,000 a year that mainly come from lower transportation 

cost and warehousing cost. This scenario uses only two warehouses, the Schenker warehouse in Sydney 

and the DHL warehouse in Perth. When the extra inventory cost are also considered, the Schenker only 

scenario achieves higher yearly savings. However, this scenario performs worse in 1 day service levels, 

even compared to the current situation. The biggest savings are possible with the extreme scenario, but 

this scenario requires a major revamp in the supply chain structure. 

 

The sensitivity scenarios showed that drastic changes are needed before the cost optimal solution 

changes. Handling cost had to change up to 40% before change was seen, for transportation cost this was 

around 30%. When total cost were changed, 20% change was required before the optimal warehousing 

strategy changed.  

 

Conclusion 

After looking at all the different scenarios and impacts of the influencing factors, the answer on the main 

question can be given. The optimal warehouse locations for Philips Australia are in Sydney and in Perth. 

Currently based on the rates of Schenker Sydney and DHL Perth. This solution decreases costs by 6% while 

increasing 1 day deliveries by almost 13%. This scenario has better 1 day delivery rates then scenario 4 

and is way easier to implement then scenario 15. 
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Implication and Future research 

The main recommendation for Philips Australia is to change the current supply chain structure of Philips 

Australia into the network described in scenario 2. Use two warehouses that can accommodate the sales 

of all product groups. This would result in the closing of two warehouses and moving stock to the 

remaining warehouses: Schenker Sydney and Perth DHL. 

 

The second recommendation is to continue to use the software tool to model and improve other regions 

as well. Supply Chain Guru is a very powerful tool to analyze and optimize supply chains. The provided 

guidebook helps the employees to create new models so that future projects can be created in only part 

of the time that was required for this assignment. Besides using Supply Chain Guru for warehouse location 

problems, other aspects of the tool might also be useful for project to come. 

 

The first direction for further research is the consideration of the spare parts department into the model. 

Further research can be done on what adaptations to the supply chain are needed to include spare parts 

in the model. Including the spare parts section makes the modeling more complex. However, it might give 

interesting results on more possibilities for consolidation warehouses. 

 

The second item is further research of the effect of inventory levels on the different supply chain networks 

suggested by the scenarios. More in depth analysis could be conducted in terms of simulation to consider 

inventory levels in more detail. This would provide an extra insight in the optimality of the chosen solution. 
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V. Introduction 
Due to the competitive market in the health care, Philips is trying to reduce costs where possible. One of 

the initiatives of Philips to achieve these cost savings is the optimization of the warehousing footprint. 

Currently, this initiative is led by the integrated warehousing department. They want to improve the 

supply chains used by Philips around the world by optimizing the different geographical regions in which 

they operate. This thesis we will focus on the supply chain of Philips Australia and will consider the 

different business product groups of Philips such as Personal Health, Health Systems, and Sleep and 

Respiratory Care. At the moment, these product groups operate separately with their own supply chain 

structures. 

  

With several warehouses in Australia and no real indication of the optimality of these locations, the 

question arose if the situation could be improved. This thesis will solve a facility location problem while 

also considering the influences of quantitative and qualitative factors. Based on the developed model and 

the consideration of the influences, a new supply chain structure can be determined. This new structure 

gives the number of required locations and the allocation of customers to these locations. 

  

As a preparation for this master thesis, two studies have been conducted. First, a literature study to 

identify the existing facility location models and the factors that influence the selection of facility 

locations. The literature usually treads these subjects separately, while this research combines the two 

subjects to come to the best solution for Philips Australia. The second study, the research proposal, 

contained the outline for this report. The current networks, the scope, and the assignment formulation 

are decided on in this document. 

  

The literature study and the research proposal are used as input for the first chapter. In this chapter, the 

assignment is described in full detail and the report outline is discussed. After the first chapter, the report 

can be split up in two parts, chapter 2 and 3 discuss the conceptual model and all the required data inputs. 

The second part discusses the scenarios, results, recommendations, and implications resulting from this 

research. In addition, a guidebook on how to use the model for future projects is provided in the appendix. 

A list of variables used in the mathematical model and a list of abbreviations is included at the end of the 

report 
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1. Research assignment 
This first chapter discusses the research assignment. First, an introduction about the company at which 

the assignment is conducted. Next, the project direction is formulated based on the ongoing trends within 

Philips. The third section will discuss the current network, which will be followed by the scope of the 

assignment, in the fourth section. A literature review is conducted to determine a solid approach to the 

assignment, which is given in section 5. Based on this literature review, section 6 gives the research 

questions. This results in the deliverables that are described in section 7. This chapter finishes with a 

report outline in chapter 8. 

 

1.1 Philips 
Philips is an industrial multinational company founded in 1891 with the current headquarters in 

Amsterdam, the Netherlands. Philips achieved 4.2 billion euros in sales in the first quarter of 2019 with 

77,000 employees in over 100 countries. With 1.8 billion invested in R&D in 2018 Philips is constantly 

trying to create great innovations. With 65,000 patents and the number one ranking for medical 

technology patents filed at the European patent office 2017, Philips is certainly focusing on innovation. 

 

After separating the lighting division in 2016, Philips is now focusing on the whole health continuum with 

three different areas of expertise. These include, Personal Health, Diagnosis & Treatment and Connected 

Care. With these three sectors, Philips aims to improve the lives of 3 billion people in a year by 2030 

starting with healthy living, diagnosis, treatment through to care at home, where the cycle begins again 

as can be seen in Figure 1.  

 

 

Figure 1 Philips health continuum (Gilbert, 2019) 

By addressing Healthcare as a ‘connected whole’ Philips tries to go for a ‘quadruple aim’: enhancing the 

patient experience, improving health outcomes, lowering the cost of care, and improving the work life of 

care providers (Philips, 2019). Going forward, Philips aims to expand the strong positions across the health 

continuum, extend the solutions capability to address our customers unmet needs, and so deliver the full 

benefits of data-enabled connected care. The following sections give some elaboration on the three areas. 
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Personal Health 

Personal health focuses on healthy living and preventative care, which is mainly aimed at the consumer. 

Web shops and retailers sell the majority of these products. This segment comprises the Personal Care, 

Domestic Appliances, Oral Healthcare, and Mother & Child Care. The personal health business is good for 

30% of total sales of Philips.  

 

Diagnosis & Treatment 

Diagnosis & Treatment focusses on the diagnosis of diseases and selecting the correct treatment. The 

devices in this product groups are mainly sold to hospitals and other providers of medical services. These 

products are usually in the high price ranges with extensive service contracts. This segment comprises, 

Ultrasound, image-guided therapy, diagnostic imaging, high-end radiology and cardiology informatics and 

is good for 43% of total sales of Philips. 

 

Connected Care 

Connected care focusses on the patient care solution, optimizing the patient and workflows inside and 

outside the hospital. These products are sold to hospitals, care homes and some to the consumer. This 

segment comprises Patient monitoring, ICU telemedicine, Personal emergency response, respiratory care, 

Sleep care and involves 24% of total sales. 

1.2 Project direction 
In this section, the project direction is formulated. Currently Philips is working on optimizing its warehouse 

footprint under the lead of the integrated warehousing department. This initiative has as a goal to deliver 

a responsive, agile and shared warehouse network that translates business strategy into infrastructure, 

policies and processes, considering market dynamics, risks and developments. This initiative is part of the 

roadmap created by Philips to improve overall performance and has four ambitions: 

 

1. Improve customer experience by strategically locating distribution centers 

2. Optimize integrated warehousing decisions total cost of ownership by a Philips wide network 

study. 

3. Maximize synergies by reducing number of partnerships and increase critical mass. 

4. Optimizing the warehouse infrastructure.  

These four ambitions are taken into account when designing the study, the redesigned supply chain 

network has to fulfill as much of the goals mentioned by the Philips strategy to improve. 

 

Lately Philips is going through some changes on which markets it is active in. New acquisitions, selling of 

divisions or merging of markets changes the layout of the supply chain constantly. Some sub-optimal 

warehouses might be acquired when taking over other companies or a good location is lost when moving 

or merging. Beside this, some location might be used for storage without them being suitable or efficient 

to use as a warehouse. With these changes and the constant focus of Philips to reduce costs and increase 

service, the question arose if the current warehousing strategy is still efficient. In line with the ambitions 

of the overall strategy, a study needs to be conducted on the warehousing strategy of Philips to find 

possible improvements. Overall, the assignment can be formulated as follows: Develop a model that 

provides insight in the optimal warehousing network for Philips by calculating a cost optimal solution and 

check the influences of quantitative and qualitative factors and preferences on this solution.  
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1.3 Network structure 
The four product groups each have their own supply chain network, but the design of these networks 

have some overlapping characteristics. The networks operate in several echelons; these are indicated with 

vertical lines in the illustrated network structures in Figure 3 and Figure 2. An echelon in these illustrations 

can be described as a storage point with the same function. For example, all the local distribution centers 

for a product group are part of the same echelon. The following sections will describe the different 

network designs that are currently utilized at Philips. In addition, the different product characteristics of 

the products are discussed.  

 

Health Systems 

Figure 3 shows the network structure of HS. The solid lines show the order fulfillment flows. The consumer 

products are shipped to the customer, preferable from stock, from the warehouse. The project-based 

products, i.e. whole MRI scanners, are shipped by Last Mile Providers (LMP) and are only stored when 

delays occur in the shipping process. The dashed lines illustrate the warehouse replenishment flows. 

These flows go from the supplier to the last mile provider or from the supplier to the warehouse. The LMP 

warehouses are located in several cities in Australia; the project-based products are send to the relevant 

warehouse based on the customer location. All the consumer products are shipped from a single 

warehouse. Warehouses are directly replenished from the over 50 different suppliers. They consist of 

Philips location and other external partners.  

 

 

 

 

 

 

 

 

 

Sleep and Respiratory care 

Figure 2 shows the network structure of SRC. Here all the customer orders are fulfilled from the 

warehouses in Sydney and Perth. Both warehouses are replenished from the Regional Distribution Center 

(RDC) in Singapore. Both warehouses keep inventory to ensure timely shipments. 

 

 

Figure 2 Network structure SRC, consumer products 

Figure 3 Network structure HS, consumer products and 
project based products 
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Personal Health  

The network structure of Personal Health is similar to the structure given in Figure 2. It uses a single 

warehouse in Sydney to fulfill all customer orders. This warehouse is replenished from RDCs around the 

world.  Here again inventory is kept to ensure that orders can be delivered within reasonable time. 

 

Spare parts 

In addition, the spare parts structure is based on RDCs and warehouses. Four warehouses are strategically 

located in Australia to fulfill customer orders within the agreed on lead times. These warehouses are 

replenished by the RDC in Singapore. Here again the network structure is similar to the structure given in 

Figure 2. 
 

Supply chain similarities 

The network of consumables of HS, SRC and PH are similar in delivery times, order sizes and network 

structure. Therefore, these three products groups can be modeled in a single supply chain model. 

Currently all the activities of the different product groups are planned separately without any overlap in 

the networks. This research will consider combining the product groups in a single network set-up. This 

could possibly lead to fewer warehouses or less costs. 

 

1.4 Scope 
This section defines the scope of this study. Several aspects of the scope such as geographical, functional 

and processes are described in in the following sub sections. The last sub section will finalize the scope by 

stating which parts are considered to be out of scope. 

 

1.4.1 Geographical 
Philips serves customers over the whole world and therefore has warehouses around the globe. Modeling 

this all at once is too big of an assignment. Therefore, this study focusses on the Australia region. For 

completeness of the supply chain, this includes all the warehouses that are currently present in Australia 

and the warehouses around the world that are used to replenish the Australian warehouses. An overview 

of the geographical scope with the corresponding warehouses is shown in Appendix 1. The initial model 

will focus on the Australian supply chain, but will be applicable on other regions as well. 

 

1.4.2 Functional 
The functional aspect of the scope refers to the product types that are considered in the assignment. 

Currently Philips splits the products up in four categories:  Personal Health (PH), Sleep & Respiratory Care 

(SRC), Diagnosis & Treatment and Connected Care are together under Health Systems (HS) with a separate 

Spare Parts (SPS) division. 

 

The product groups of HS is split up in two product types, consumables products and project based 

products. The commercial products have the same characteristics as SRC and PH. The difference is in the 

project-based products because they are not kept in stock. The project-based products are only shipped 

to Australia after a customer order is placed and are only kept on inventory when a delay occurs at the 

customer. The project-based items are shipped by last mile providers, these external partners deliver the 

product to the exact location that the customer wants. Which is usually more complicated than the door-

to-door delivery of the other products. Because the project-based product are not stored in Australia, and 
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the supply chain of these products is very different from the other product groups, these products are 

kept out of scope. These products only account for a small percentage of the total amount of products 

shipped in Australia and it is assumed that they will not have an influence on the decisions for the 

warehouse locations. In addition, the spare parts are not considered because of their difference in supply 

chain network. 

 

White, (2015) identified different aspect that each type of product can have. These aspects influence the 

requirements they have the warehouses and on the modeling.  Not all of these product characteristics are 

relevant when creating a facility location model. Therefore, a selection is made of characteristics that will 

be taken into account for the modeling; product diversity (more diversity needs more space) storage 

regulations (special storage requirements can increase warehousing cost). These aspects are considered 

for PH, SRC and HS and mainly apply to network set-ups where warehouse deal with products of multiple 

product groups. The remaining characteristics are not considered in the model because a facility location 

model cannot deal with them. The effect of the characteristics on the model is discussed in more detail in 

section 5.1. 

 

1.4.3 Current situation 
Currently, Philips has 15 locations in the network. Three of these are Philips office locations. These 

locations should not be holding inventory and upcoming plans will make them unable to do so. These 

three locations will therefore not be taken into account in the modeling phase. Of the remaining 12 

locations, four are last mile providers. Because these locations usually do not keep stock and the delivery 

method is different from most of the other shipments these locations are also not considered as viable 

storage locations. Of the eight remaining warehouses, four are for consumable products of HS, PH, and 

SRC; the other four are SPS warehouses. Combining spare parts warehouses with the consumables 

warehouses is not possible under current contracts with the logistic providers. In addition, the strict 

delivery requirement of the spare parts makes it harder to combine them with the consumables. After 

several meetings, the stakeholders agreed to see the spare parts and consumables as separate supply 

chains.  This leaves four warehouses for the model to consider for the optimal solution 

The model also needs to take into account the RDCs that replenish the warehouses. These are located 

around the world and the location of these RDCs is fixed. Because of the high costs of opening a new 

warehouse, the current locations will be considered as candidate locations for the optimal warehousing 

strategy. In addition, the current ongoing contracts might have some restrictions on picking completely 

new locations. With many new acquisitions of new business units in the past years, there is no guarantee 

that current locations and the number of warehouses are efficient. 
 

1.4.4 Processes 
The supply chain consists of several processes like fulfillment of orders, information flows, return flows, 

replenishment flows and inventory rebalancing flows. This study only considers the order fulfillment and 

the warehouse replenishment flows. The return and inventory flows are not considered because of their 

small volume and the unnecessary complexity they would bring to the model. As described in section 1.3 

there is some overlap in the supply chain structures of SRC, PH, and consumables of HS. Therefore, these 

three product groups can be modeled together. The way the warehouses are restocked by the RDCs is 

also similar for PH and SRC. For less modeling complexity, it is assumed that the HS warehouses are also 

restocked by a single RDC. 
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1.4.5 Inventory 
Optimizing inventory and warehouse locations at the same time is very hard with original facility location 

models. Therefore, this research considers inventory only based on safety stock level. For the current 

situation, the safety stock levels are calculated and used as a reference point for the other supply chain 

structures. The cost associated with this inventory is not taken into the cost of the model, but will be 

considered in the final solution when deciding which network structure fits the need of Philips Australia. 

 

1.4.6 Out of scope 
To finalize the scope and point out the constraints of this study, several aspects that are out of scope. The 

first two items out of scope deal with the types of flows considered in the model. First of all the Reverse 

logistics, these flows are not considered because of their relatively small volume and the increase in model 

complexity without giving much more detailed insight into the supply chain. The second out of scope item 

is the inventory rebalancing between warehouses, these flows are not considered to keep the model 

complexity low and the costs for these flows are booked differently than the other flows, which makes it 

hard to compare if they are included. The third item out of scope deals with the sales region. All shipments 

outside the Australia New Zealand region are out of scope. The other two deal with the product groups 

that are out of scope, LMP shipments are left out, last mile provider shipments differ too much from the 

other shipments to be considered in the same model. In addition, SPS shipments are left out, Spare parts 

shipments have too many additional requirements to be considered in the same model. 
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1.5 Theoretical framework 
This literature review will first cover the general supply chain and the importance of this for the company 

in section one. Next in section two, importance of efficient facility locations is discussed with the relevant 

models to find these optimal locations. After that, section three discusses the quantitative and qualitative 

influences that have an impact on the optimal decision. Section four, discusses how scenarios will aid to 

the process of modeling the factors. 

 

1.5.1 Supply chains 
A supply chain can be described as a network of facilities (suppliers, plants, distributers, warehouses, etc.) 

that perform activities to acquire raw materials, transform materials to add value, distribute these 

materials and eventually distribute to the final customer (Simchi-Levi, Chen, & Bramel, 2014). 

 
Figure 4 Supply chain with material and information flows (Verwijmeren, van der Vlist, & van Donselaar, 1996) 

 

Figure 4 shows a typical supply chain with resource collection, component manufacturers, production 

plants, wholesalers, retailers and customers. The arrows indicate product and information flows. The 

supply chain can be modeled in different detail levels. For example the whole process of building an MRI 

scanner, or only the supply chain of a single component of the machine. As seen in Figure 4, the different 

stages in the supply chain keep inventory to prevent stock outs when uncertainties occur in the supply 

chain (Davis, 1993). Currently Philips is working on a new warehousing strategy to become more 

responsive and agile. This new strategy has several goals; having less distribution centers, leaving high 

cost locations, reduce number of suppliers and making the structure future prove. Optimizing the supply 

chain strategy is possible by efficient planning decisions; at strategic level, this includes the location of the 

plants, distribution centers and warehouses. Optimizing these locations is the first major step in 

redesigning the warehousing strategy (Burghoorn, 2019). 

 

With cost for the supply chain taking up to 13% of the sales value, efficient supply chain management can 

increase profitability by reducing cost. Studies have shown that best in class companies can reduce these 

costs to as low as 8% (O’byrne R., 2016). As shown in Figure 4, a major part of the supply chain consist of 

storage of products. Therefore, correct placement of the warehouses and distribution centers can cut 

transportation costs, simultaneous with ingoing and outgoing lead times. These cuts in lead time make it 

easier to control inventory and therefore, could also increase service levels (Gallmann & Belvedere, 2011). 

Currently Philips Australia spends over three million Australian dollars a year divided over 16 different 

warehouses on warehousing alone. It is estimated that savings up to 20% can be achieved by optimizing 

the locations of the storage facilities while retaining the current service levels. The placement of the 

distribution centers and warehouses is therefore important factor in redesigning supply chains.  
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1.5.2 Supply chain modeling 
Supply chains can become very complex because of multiple partners, echelons and goods & information 

flows. Therefore, it is important to model the supply chain to create a better understanding of the 

different policies and aspects that influence the supply chain (Min & Zhou, 2002). 

 

One of the most important functions of supply chain models is to aid in the process of decision-making. 

While redesigning supply chain, the models can be used to measure the performance of the different 

supply chain redesigns (Nagurney, 2010). Checking the performance of the redesign is extremely 

important because changing a supply chain is usually very expensive. Because of these high expenses, it 

is important to know the possible impact of the redesign before actually investing in it. 

A supply chain model can also be used as a communication tool; results from a redesign in the supply 

chain can be used to explain the benefits and importance of the redesign to other relevant stakeholders. 

 

1.5.3 Facility location models 
As mentioned before the location of facilities is important in the supply chain. Therefore, literature 

regarding facility location problems is discussed in the following section. Many papers and studies have 

been conducted on optimal warehouse locations, as well as several reviews on the topic (T. Melo, Nickel, 

& Saldanha da Gama, 2011; Owen & Daskin, 1998). In most cases, this is referred to as facility location 

problems (FLP). In general, facility location problems locate a set of facilities (warehouses) to minimize 

the costs of satisfying the demand of the customers based on a certain set of constraints. These locations 

decisions are an important element in the strategic planning of most private and public firms. The 

placements of the facilities are usually long lasting, which influence numerous operational and logistical 

decisions. Beside the long-term decisions, high costs are associated with acquisitions of new facilities, 

construction of new facilities, closing down facilities and the relocation of products (Owen & Daskin, 

1998). Therefore, it is important that the selected facility location is not only optimal for short term but 

will stay optimal for most of the facilities lifetime (Lee, 2011). Most FLP models are optimized by finding 

the optimal decision variables that minimize cost. With the optimization of the model the influencing 

quantitative factors are taken into account, otherwise the solution will be infeasible. Therefore, most 

quantitative factors are met by solving the model. (M. T. Melo, Nickel, & Saldanha Da Gama, 2006). 

However, not only the quantitative factors are important, also the qualitative factors need to be 

considered to come to a more feasible solution that fits the needs of the stakeholders. A more in-depth 

review on these quantitative and qualitative factors is given further down this literature section.  
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Single-facility model 

The simplest case of a facility location problem is the single facility variant. These problems occur on a 

regular basis when a single facility needs to serve customers in a given area. Some typical single facility 

location problems are placement of an airport, new classroom building on a campus or the placement of 

a new hospital (Moradi & Bidkhori, 2009). This very limited model will not be useful for most situations. 

Therefore, much research is conducted to extend the model. Decision can be made for discrete or 

continual location selection (Klose & Drexl, 2005), capacitated or non-capacitated facilities (Nagy, 2004), 

and the amount of different products that is taken into consideration (Baumol & Wolfe, 1976). Many more 

constraints can be added to make the model more representative to the real world such as: constraints 

on relationships between facilities and customers, number of warehouses per customer, maximum 

number of customers per warehouse etcetera (Bagherpoor, Parhizi, Hoseininia, Heidari, & Yaghin, 2009) 

 

Multi-products 

Some models are based on aggregated demand, production, handling and distribution. This type of 

aggregation no longer works if different products make different claims on the capacities of the facilities 

(Klose & Drexl, 2005). As soon as multiple products are considered, the capacities and the demand need 

to be split up accordingly to the products (Geoffrion & Graves, 2010). Splitting up according to the product 

specification will result in more accurate costs and allocations in the model. Each product used in the 

model can have its own fixed and variable cost. Fixed cost could be storage cost that are required to store 

the products (i.e. cooling). Product specific variable cost can be based on for example shipping or picking.  

Montoya, Vélez–Gallego, & Villegas, (2016) made an addition to the literature by adding production and 
building cost functions that allow the modeling of different behaviors like economies of scale and 
congestion.  
 

Multi-echelon 

Overall, the multi-product, multi-location, capacitated model as mentioned before, gives a decent 
representation of a one-echelon supply chain. However most supply chains have multiple echelons. A 
multiple echelon supply chain consist of facilities in multiple layers. For example, the factory supplies a 
large regional warehouse; this regional warehouse supplies several smaller local warehouses, which 
supply the customer. Such a system consists of three echelons. Because shipments occur between each 
echelon it is important that the locations of all the facilities in the supply chain are optimized and not just 
a single echelon. Therefore, next paragraph goes in depth on the multi-echelon extension. Romeijn, Shu, 
& Teo, (2007) and Teo & Shu, (2004) looked into multi-echelon problems that includes: location and 
associated operating cost of distribution centers, transportation costs, storage costs, backorder costs with 
appropriate safety stock and relevant capacity constraints. With a generic modeling framework they 
integrate the inventory theory into the supply chain network design domain. Ozsen, Daskin, & Coullard, 
(2009) considered a model where retailer can be replenished from multiple warehouses to see the 
positive effect on the Logistic costs. The research of (Hinojosa, Puerto, & Fernández, 2000) also gives a 
very clear view on a multi echelon multi product model. 
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Multi period 

The models described above still assume that all parameters such as costs, production and demand are 
constant over time. In reality, these factors can have up or down going trends in them. For example, 
demand could have a rising trend, if the demand rises to much the previous optimal solution could not be 
optimal anymore. To counter this issue, multi-period models are developed. With multi-period models, 
the solution is calculated with multiple time periods in mind, so that the facility location selection is robust 
for possible changes to come in the future. By using a time horizon with the ability of factors to change, 
three achievements can be obtained: first, appropriate time of location decisions, second, clarify the best 
locations and third allow the firm to better anticipate any favorable/unfavorable fluctuations in markets 
(Miller, Friesz, Tobin, & Kwon, 2007)27. Another advantage of multi-period models over single-period 
models is its correspondence with dynamic models because in each subordinate planning horizon, a 
decision maker can deal with changing parameters more effectively in comparison with single-period 
models in which the decision maker is hardly able to cope with the uncertain essence of changing 
parameters (Boloori Arabani & Farahani, 2012)28. Wesolowsky & Truscott, (1975) come up with a multi- 
period location allocation model to locate several facilities among a set of given possible locations. This 
model provides a tool to analyze the tradeoff between the distribution cost per period and the cost for 
relocation facilities. The objective of the model is to specify a plan for the locations and relocations of 
plants and the corresponding allocation of demand that minimizes costs. Hinojosa, Puerto, & Fernández, 
(2000)29 also created multi-period two-echelon multi-commodity capacitated plant location problem, the 
model aims to minimize cost for meeting demands for the products that are specified over the planning 
horizon. Each period a decision can be made to keep open the warehouses or to close or add warehouses 
if needed. The model aims to solve a two-echelon problem where the optimal locations of production 
plants and warehouses needs to be determined. The optimal solution is found by minimizing total costs. 
These costs consist of transportation costs between the plants, warehouses and customers and the 
operation costs of the plants and warehouses. By setting capacity constraints the capacities of maximum 
production of the plants and maximum storage of the warehouses is respected. The opening and closing 
decisions also have corresponding costs to them. Overall, this would give a solution that is optimal for a 
given planning horizon. 
 

1.5.4 Influences 
The FLP models described in the previous part take into account some costs of shipping, inventory and 

opening or closing of facilities. However, those costs are not the only factor that influences the optimal 

location of a warehouse. Therefore, this section discussion some other important factors to consider while 

using the FLP models. By taking into account these factors as well, a more robust decision can be made 

based on the influences of the factors. These factors will be explained in more detail further down this 

section. Badri, Davis, & Davis, (1995) did a study on factors by sending out a questionnaire to over 600 

executives. Based on the questionnaires they came up with 14 different main factors which influence 

facility location decision making, these can be seen in Table 1. Each of these factors are split up in sub-

factors. Which can be found in Appendix 2. Several other studies come up with similar lists. However, not 

all of them are as specifically split up as the list from Badri, Davis & Davis (1995). 
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Table 1 Influencing factors (Badri et al., 1995) 

Factors   

1 Markets 8 Community 

2 Transportation 9 Tax structure 

3 Labor 10 Climate 

4 Industrial sites 11 Political situations of foreign country 

5 Economic factors 12 Global competition and survival 

6 Government attitudes 13 Government regulations 

7 Utilities 14 Raw materials 

 

When looking into the study of  MacCarthy & Atthirawong, (2003) based on a Delphi study that uses a 

worldwide panel of experts to investigate affecting factors, 13 major groups come up. These major groups 

are very similar to the list mentioned above. According to MacCarthy, the top five factors that strongly 

influence the decision-making are Costs, Infrastructure, Labor characteristics, government and political 

and economic factors.  

Some of these factors can be seen as quantitative constraints that can be directly included in the MILP 

because they directly affect the costs. The others are qualitative constraints of which the influence needs 

to be tested separately with scenarios (Bender, Hennes, Kalcsics, Melo, & Nickel, 2002; Harung, 1993). 

The list of influencing factors is quite extensive and not all factors are applicable to each case. Therefore, 

MacCarthy & Atthirawong, (2003) reported five steps for selecting the selecting the most important 

factors for the case that being worked on. These will be followed during the model development to include 

only what is necessary. The five steps are: 

 

1. Make clear overall business strategies.   

2. Investigate regional and country-specific factors.  

3. Identify relevant factors for each location alternative.  

4. Evaluate the alternatives against established criteria.  

5. Select location and implement.  

 

These steps ensure that only the factors that are important for the specific facility location problem are 

considered. In the research of Steele & Hodge, (2011) the importance of several factors is checked for 

different logistical facility types. So is the availability of work force more important for a port, than for a 

small city terminal. As mentioned before, quantitative and qualitative factors are dealt with separately; 

the quantitative factors are put into the MILP in terms of costs, while the qualitative factors influence the 

scenarios being used. To get a better understanding of the influences of each factor, several different 

studies have been looked at to get a complete overview of the effect of the factors (Escalante & Maiet-

Speredelozzi, 2014; Jungthirpanich & Benjamin, 1995; Kalantari, 2013; Mazzarol & Choo, 2003; Singh, 

Chaudhary, & Saxena, 2018; Steele & Hodge, 2011). A summary of this is given in the literature review 

document. However, based on the business case, the importance of each factor might differ. The factors 

that are of most importance for the Australian case are thoroughly discussed in chapter 5.1. 
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1.5.5 Scenarios 
So far, the different FLP models and the influencing factors are discussed. Combining these all-together 
results in a solution that should take into account the quantitative and qualitative sides of decision-
making. Scenarios can be developed in two different ways according to Van der Heijden (1996), first the 
exploration method, these are scenarios that can have a helpful insight but are usually to general for 
making decisions. The second method, pre-policy, creates new scenarios based on an exploration phase 
which might be more relevant for the strategy development (van den Heijden, 1996). These two types can 
be used together to first gather some general information and then use this to develop more in-depth 
scenarios. The type of data input is also different per scenario used, for more complex scenarios with high 
levels of uncertainty, qualitative data might be more appropriate. The quantitative data type is used for 
explorative computer models in which scenarios try to develop different types of forecast. Of course, a 
combination of both is also possible, which makes the scenario more consistent and robust overall. A 
quantitative scenario may be enriched and its communicability enhanced through qualitative information; 
a qualitative scenario may be tested for plausibility through the quantified information (Van Notten, 
2006). 
 
Scenarios can help making the facility decisions more robust. With the help of scenarios, the impact of 
different factors can be determined and a plan can be created to act upon these impacts. The scenarios 
can also be used as a type of sensitivity analyses to check how solid the ‘optimal’ solution is when certain 
factors change. When planning with scenarios, internal and external forces can be identified, based on 
these forces ‘What if’ questions can be asked about various possible futures. With the answers to these a 
company can prepare a strategy to react to the scenarios instead of relying on the fact that the future falls 
in line with the current trend (Shuler, 2004). By using scenarios with the ability of factors to change, three 
achievements can be obtained: first, appropriate time of location decisions, second, clarify the best 
locations and third allow the firm to better anticipate any favorable/unfavorable fluctuations in markets 
(Miller et al., 2007). According to Boloori Arabani & Farahani, (2012) scenario planning  gives a robust 
approach to deal with sets of possible future values for parameters which can strengthen the final 
conclusion. In the model that we create, the scenarios are mainly used to gain more insight in the 
influences of factors and changes in parameters. Therefore, both quantitative and qualitative data is 
required to generate the scenarios. This together with the pre-policy method would give good insights in 
the strategy that is suitable for Philips to use. The different scenarios and the required data is discussed 
in section 5.2. 
  

1.5.6 Conclusion 
This literature review started from the broad concept of supply chains and narrowed down to the specific 

subject of facility location problems. Most of the literature on facility location problems only takes in to 

account cost for warehousing and transportation. This study tries to extend on that by also focusing on 

other factors that might be important when making the decision for the warehouse locations. Extensive 

research into different factors has been done to come up with a list of factors that need to be tested on 

influences on the final decision. In addition, the employee preferences will be taken into account to check 

the influences of the relevant stakeholders as well, combining this should result in a conclusion that is 

well considered and should be optimal based on most of the stakeholder inputs. The review on the 

influencing factors and on how to use these factors with scenario analyses gives an in depth view on 

making the solutions more coherent to the reality. The scenarios are usually used to test results on 

quantitative data. This research also uses the scenarios to determine the impact of the qualitative factors 

on the optimal solution given by the initial facility location model.  
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1.6 Research questions 
This section will discuss how the facility location problem will be approached. The location problem can 

be defined as placing the warehouses in the correct locations to fulfill customer demand efficiently. This 

will require determining the number and locations of the warehouses. In addition, deciding on which 

factors will influence the decisions for the number and location of warehouses.  

This together can be summarized by the following main question: 

 

What are the optimal warehouse locations for Philips Health Australia based on quantitative and 

qualitative factors? 

 

In order to answer the main research question, several sub-questions need to be answered. 

 Which factors can influence the optimal warehousing strategy for Philips Health Australia? 

The optimal warehouse locations can be influenced by many different factors. To find the best 

solution for Philips Australia, it has to be known which factors are important for the current 

case. 

 What is the optimal warehousing strategy for Philips Health Australia based on the model costs? 

A solution is needed purely based on the model costs; this solution is used to compare 

different scenarios. These comparisons quantify the influences of the factors on the cost 

optimal solution. 

 What are the influences of the quantitative and qualitative factors on the cost optimal 

warehousing strategy of Philips Health Australia? 

The influences of the factors are calculated to see the effect of them. Based on the 

comparison on the cost optimal solution, decision can be made to include or exclude some 

factors. In addition, the scenarios to calculate the influences can be used as sensitivity 

analyses to check the robustness of the solution 

 What is the new warehousing strategy that Philips Health Australia should implement based on 

the trade-off between costs and the effects of the quantitative and qualitative factors? 

With the influences of the factors known, a trade-off needs to be made between the costs 

optimal solution and other solutions that take factors into account as well. 

 

1.7 Deliverables 
The main deliverable of this research is the facility location model that can quantify the differences 

between several scenarios for storage locations. This model will be created in Supply Chain Guru, which 

is selected based its ability to solve the mathematical model and several other selection criteria. See 

Appendix 4 for further details on the selection of the software tool. The current case is focused on Philips 

Australia, so the conclusion of this research will be for that region. However, the model is also useable for 

other regions as well by other employees of Philips. Therefore, a handbook will be created to guide the 

employees through the process of using the model so that Philips can improve other regions as well. At 

the end of this project, Philips will receive 1. A cost optimal solution for a new network design. 2. An 

improved solution based on the influencing factors. 3. A reusable model to optimize other regions 4. A 

guidebook on how to use the model. This guidebook is given in Appendix 12. Overall, this model will 

contribute to the initiatives of Philips to reduce their warehousing footprint. 
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1.8 Report outline 
This research can be seen as an empirical and normative research with the aim to solve an actual problem 

at Philips. One of the research models for empirical research is from Mitroff, Betz, Pondy, & Sagasti (1974), 

(Jongenelis, 2014). This model contains four project phases, conceptualization, modeling, model solving 

and implementation. In addition, the validation and feedback phases align the different phases to each 

other. A more detailed description of this model can be found in Appendix 3. This report will follow the 

same structure as that research model. The following sections will discuss what information is given in 

each part of the report.  

 

Conceptualization 

Chapter 2 goes into the first phase of the research model, conceptualization, during this phase the 

problem situation is sketched and made into a conceptual model. For this conceptual model, al the 

parameters are described and the corresponding mathematical formulations explained. The Conceptual 

model phase is based on the scope defined in 1.4. In Chapter 3, all the relevant data used for the modeling 

is discussed. Some characteristics of the data sets are given and the modifications to the data are 

explained. 

 

Modeling 

During the modeling phase, the conceptual model is transformed into the actual model. This model 

contains the mathematical formulas required to come to the optimal solution. All the data that is gathered 

during the conceptualization will be combined in a computer model. A choice has been made to create 

the model in Supply Chain Guru X (SCG); further argumentation for this choice can be found in Appendix 

4. Chapter 4 will describe how the software tool is used to solve the mathematical model. In addition, a 

validation solve is executed to validate the results of the software tool.  

 

Model solving 

Chapter 5 will start with discussing all the factors that will influence the decision-making and all the 

scenarios that result from these factors. The rest of this chapter focusses on the model solving and the 

corresponding results from the scenarios. In this phase, a base line will be created to see the performance 

of the current situation. Then solving the model for cost optimality to see if improvements are possible. 

With the use of scenarios, the impact of several factors will be checked. The solving will be done by SCG 

however; several validation checks will be conducted during model solving to check correctness of the 

solutions. The results from the model-solving phase can be transformed into meaningful conclusions to 

see which solution fits Philips Australia the best.  

 

Implementation 

The research questions are answered in chapter 6, this chapter also discusses the implications and 

recommendations for Philips. Chapter 6 is concluded with the implication to the literature and the 

limitations to this study. With the limited time provided for a master thesis project, the solution that 

comes from the model will not be implemented by the student. The project manager of integrated 

warehousing will do the implementation of the new warehousing strategy with the results from this study 

as input. 
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2. Conceptual Model 
This chapter will explain all the parameters and inputs for the conceptual model. First, a description of the 

supply chain of Philips Australia is given. The section 2 gives the model assumptions. Section 3 discusses 

all the required model inputs and their corresponding mathematical formulas. In the final section the 

overall model and an overview of the constraints is given. 

 

2.1 Philips Australia supply chain 
In section 1.3, the current network of Philips Australia is described. The three product groups SPS, SRC 

and PH have overlapping supply chain characteristics. Most of the shipments to customers come from the 

warehouses in Australia. These warehouses are replenished by RDCs around the world. The shipments are 

sent by parcel to the customer that can have different sizes based on the size of the products. Most 

products are shipped by trucks; these orders arrive in one to three days at the customer.  

 

2.2 Model assumptions 
When modeling a supply chain, some assumptions need to be made to fit the data into the model. This 

result in the following assumptions: 

 Infinite inventory at RDCs, for more details see section 2.3.2 

 Demand is based on historical data, for more details see section 2.3.6 

 Demand order lines are aggregated per customer per product groups, for more details see section 

2.3.6 

 Within Australia, only road transport is considered, for more details see section 2.3.7 

 No outbound handling at RDCs, for more details see section 2.3.8 

 Transportation rates are based on a linear rate per cube/km, for more details see section 2.3.8 

  Customers and warehouses are replenished by a single source, for more details see section 2.4 

 

2.3 Model inputs 
In general, the input for all facility location problems is the same and includes the structure of the supply 

chain and several parameters as input that give the supply chain actual meaning. These inputs include 

customer information, product information, demand, site information, cost parameters, and capacities.  

All the inputs describe a specific part of the supply chain. The inputs for the facility location problem are 

described in the following sections. Each model input gets corresponding decision variables and or 

parameters that are used to build the mathematical formulas.  

The model inputs will eventually result in output. These outputs can be converted into KPI’s to check if 

the solution is in fact better than the current situation. By adjusting the various scenario variables, many 

different scenarios can be calculated. These scenarios can also be used as sensitivity analyses to check the 

robustness of a chosen solution. Based on these results a final decision can be made on what new 

warehouse strategy is optimal for Philips. 
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2.3.1 Product groups 
Philips operates with four product groups in which it has many different customers. All these customers 

order multiple types of products. All these products differ in their physical characteristics; they have 

different sizes, weights and values. In the model, these products are aggregated into product groups. This 

way the model has three different products, HS, SRC and PH. Section 2.3.6 will discuss how different item 

characteristics are still considered in the model. The total group of products is defined by 𝐿 indexed by 𝑙. 

 

2.3.2 Warehouse and RDC locations 
As previously discussed, four locations remain for the warehouse selection and for each product group a 

RDC. In the model, the warehouses are defined as 𝑗 in the total set of warehouses 𝐽, the RDCs are defined 

as 𝑘 in the total set 𝐾. To determine the utilization of a warehouse or a RDC the binary variables 𝑢𝑗
1 and 

𝑣𝑘
1 are introduced. This variable is equal to 1 if a warehouse is utilized and 0 if the warehouse is closed. 

For modeling capabilities, it is said that each of the warehouses and RDCs has infinite capacity to resupply 

the warehouses and deliver to the customers. However, still a capacity parameter is introduced. These 

parameters make sure that a warehouse or RDC cannot send products when it is closed. The value of 

these parameters is big enough, so will not constrain the model. The parameters are 𝑊𝑗 and 𝑊𝑘. 

 

2.3.3 Customers 
Philips has a large customer base, so the model has to deal with many different customers that are widely 

spread across Australia. Each customer is located based on the origin city information. The postal code is 

also used as extra check whether the correct location is used. This was required because duplicate suburb 

names and cities exist in Australia. The model identifies the customers as 𝑖 in the total set of customers 𝐼. 

 

2.3.4 Distances calculation 
The distances between the warehouses and the customers are important to calculate the delivery time 

and transportation costs. The city locations of the customers are supplemented with coordinate 

information. With these coordinates and the use of Bing Maps, the distances can be calculated between 

the customers and the warehouses (Bing, 2019). This method will calculate the distance between a source 

and a destination based on a straight line with an added circuity factor. The circuity factor used in the 

model is 28% based on the research of (Ballou, Rahardja, & Sakai, 2002). That percentage of the distance 

of the straight line is added to come to the total distance between the source and destination. A sample 

of ten random warehouse customer locations is taken to compare the actual driving distance with the 

distance of the straight line with circuity; these results can be seen in Table 2. On average, the model is 

only 1% higher in distance compared to the actual road distance. This is within the error margins allowed 

by the stakeholders. The distance between a warehouse and a customer is defined as 𝐷𝑗𝑖 in the model.   
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Table 2 Actual to model distance comparison 

Customer 
City Source City 

Model 
distance 

Road 
distance Difference 

CZ_HS_0001_VIC Melbourne Schenker Sydney 892 KM 879 KM 2% 

CZ_PH_0563_NSW Castle hill Schenker Sydney 20 KM 27 KM 32% 

CZ_PH_0862_NSW Lismore Schenker Sydney 772 KM 733 KM 5% 

CZ_SRC_0277_NSW Bowral Schenker Sydney 109 KM 118 KM 8% 

CZ_SRC_0230_WA Murdoch DHL Perth 24 KM 20 KM 15% 

CZ_SRC_0024_NT Fanny Bay DHL Perth 3390 KM 3800 KM 12% 

CZ_SRC_0144_SA Adelaide Schenker Sydney 1461 KM 1380 KM 6% 

CZ_PH_0022_NT Alice Springs DHL Sydney 2572 KM 2493 KM 3% 

CZ_HS_0050_VIC Warrnambool Schenker Sydney 1167 KM 1121 KM 4% 

CZ_HS_0007_QLD Toowoomba Schenker Sydney 904 KM 865 KM 94% 

Total - - - 11313 KM 11436 KM 1% 
 

2.3.5 Periods 
The model deals with warehousing cost and demand based on periods indicated with 𝑡 with 𝑇 the total 

set of periods. Each period indicates the length of time in which the demand can occur. The model will 

aggregate all the demand of the same customer in the same period. For the current model, the period 

length is set to 1 day. The model will check for each period what the cheapest solution is for the allocation 

of customers to warehouses. Some cost occur every period, such as the warehouse cost. Others can only 

occur in a single period like the closing cost of a warehouse. 

 

2.3.6 Demand 
Most of the demand faced by Philips is random and not based on any statistics. For this model, the 

historical demand will be used to set up the base line model. These actual demand values of the previous 

year give a realistic representation of the demand for the model. Figure 5 shows the demand per month 

for each product group and the total demand, a clear rise in demand is seen in September and October. 

This demand pattern is checked and validated by discussing it with the supply chain manager of the 

corresponding product groups. The supply chain managers recognized the pattern and approved to use 

the data set for the modeling. The demand of customer 𝑖 of product group  𝑙 in period 𝑡  will be expressed 

as 𝑑𝑖𝑙
𝑡  in the model. 𝑑𝑖𝑙

𝑡  is a representation of the actual sales that happened last year in the same period 

as the current model length. In the model, the customer demand in aggregated on a day level, all orders 

placed by the customer on a single day at a warehouse are taken together in a single order. The product 

information is used to determine the size of the order in cubes, these cubes are used for the further cost 

calculations. 
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Figure 5 Demand per product group 2018 

2.3.7 Demand fulfillment 
The whole supply chain of Philips Australia consists of multiple warehouse. The allocation of customers 

to these warehouses is based on two factors, costs and the maximum lead-time. This lead-time is 

dependent on the product type and is a constraining factor in the allocation of customers to the 

warehouses. The following two parts will describe the service time constraint and cost in further detail. 

Service time 

Philips sells many different products, and has different delivery requirements for these products. These 

requirements can be split up in two main groups. Normal deliveries and rush orders. The first category, 

normal deliveries are usually delivered within three days, most products are kept in stock so delivery 

within this time window is guaranteed as much as possible. Rush orders are not considered. Of the overall 

data set, les then 5% was considered a rush order, these orders are handled as normal orders in the model.  

 

The time it takes to deliver the product depends on the distance between the warehouse and the 

customer and the average speed of the transport mode. Based on information gathered from the delivery 

partners an average speed (𝐿) of 70 km / hour for a truck is determined. In the model, only truck 

shipments are considered based on the marginal amount of shipments made by other transport modes 

according to the historical data. It is assumed that each shipment is sent out directly after it has been 

loaded. The service time can be calculated as follows. 

 

𝑠𝑗𝑖 =
𝐷𝑗𝑖

𝐿
   

 

With 

𝑠𝑗𝑖 Transport time of shipment between warehouse 𝑗 and customer 𝑖 

𝐷𝑗𝑖 Distance between warehouse 𝑗 and customer 𝑖 

𝐿  Average speed of a truck 
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The service time is included in the model as a constraint. Each products gets a value for maximum service 

time expressed as 𝑡𝑚𝑎𝑥. This will restrict the model in the ability to close warehouses and will affect the 

transport mode decisions. The constraint of maximum service time can be expressed as. 

𝑌𝑗𝑖𝑙
𝑡 ∗ 𝑠𝑗𝑖  ≤ 𝑠𝑖 𝑚𝑎𝑥  

 

Transportation costs 

Determining which warehouse fulfills the customer demand does not only depend on the service time but 

also on the transportation cost. The transportation cost are based on the rate cards provided by the 

logistic suppliers. The transportation cost are dependent on the distance between the warehouse and the 

customer and the total cube of the shipment. The warehouse with the lowest transportation cost within 

the service time window will fulfill the demand of de customer. The transportation mode will also 

determine volume of a shipment, based on these statistics multiple shipments could be needed to fulfill 

the customer demand. Further details on the transportation costs are presented in section 8 of this 

chapter.  

 

The allocation of a customer to a warehouse is indicated with the binary decision variable 𝑦𝑗𝑖𝑙
𝑡 . This 

variable is equal to 1 if customer 𝑖 receives product 𝑙 from warehouse 𝑗 in period 𝑡 . Otherwise, the variable 

is 0. This variable is used to make sure that the each customer receives the products from a single 

warehouse and it ensures that all the demand of the customer is fulfilled. A similar binary variable is 

introduced for the allocation of warehouses to the RDCs this is the variable 𝑧𝑘𝑗𝑙
𝑡 . This variable is used in 

the same way 

 

2.3.8 Costs 
The model has to deal with several types of costs consisting of transportation costs, handling cost 

warehouse costs and the influencing factor related costs. By analyzing the supply chain and consulting the 

corresponding supply chain managers a selection of costs is made that are relevant for the model. Several 

external parties operate the warehouses in the supply chain. Therefore, the costs per warehouse are 

different. In addition, the transportation costs for each product group are different because of the 

different suppliers and the different products types being shipped. This section will elaborate the different 

costs factors that are used in the model. 

 

Transportation costs 

Transportation costs are the costs that have to be paid to the logistic provider to ship the product from 

the warehouse to the customer or from the RDC to the warehouse. All logistic providers have rate cards 

available that indicate the prices for the shipments. These prices are dependent on the distance travelled 

and volume of the shipment. Most suppliers base their transportation rates on groups of postal codes.  

These rate cards are converted to linear cost rate per km/cube shipped. For each warehouse, a rate per 

state is determined. This rate is multiplied with the distance between the customer and the warehouse 

to calculate the transportation cost, 𝐶𝑂𝑇𝑗𝑖𝑙
𝑡 .  The shipment size is based on the demand; this can be 

multiplied with 𝐶𝑂𝑇𝑗𝑖𝑙
𝑡  to come to the transportation cost of shipment. More details about the conversion 

of the logistic providers’ rate tables to the linear rate can be found in Appendix 6. 
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The first type of transportation costs that are considered are the costs of transporting the product from 

the warehouses to the customers, also called the outbound transportations costs. These transportation 

costs depend on the warehouse and customer combination and the product that is being transported. 

The second type of transportations cost are the costs made to replenish the warehouses, also called 

inbound transportation cost. These costs depend on the RDC and warehouse combination and the product 

being transported. The total transportation cost is a multiplication of the amount transported and the 

corresponding origin destination combination. This results in the following mathematical formulas for 

outbound and inbound transportations. 

 

Outbound transportation 

𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛
𝑜𝑢𝑡𝑏𝑜𝑢𝑛𝑑 =  ∑ ∑ ∑ ∑ (𝑦𝑗𝑖𝑙

𝑡 ∗ 𝑑𝑖𝑙
𝑡 ∗ 𝐶𝑂𝑇𝑗𝑖𝑙

𝑡 )𝑇
𝑡=1

𝐿
𝑙=1

𝐼
𝑖=1

𝐽
𝑗=1   

𝑑𝑖𝑙
𝑡 = 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑖 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡  

𝐶𝑂𝑇𝑗𝑖𝑙
𝑡 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑓𝑟𝑜𝑚 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑡𝑜 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑖 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡  

𝑦𝑗𝑖𝑙
𝑡 = {

1 𝑖𝑓 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑡𝑜 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑖 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡 
 0  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                   

  

𝑦𝑗𝑖𝑙
𝑡 ∈ {0,1}  

∑ 𝑦𝑗𝑖𝑙
𝑡𝐽

𝑗=1 = 1 ∀𝑖, ∀𝑙, ∀𝑡   

 

Inbound transportation 

𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛
𝑖𝑛𝑏𝑜𝑢𝑛𝑑 =  ∑ ∑ ∑ ∑ (𝑧𝑘𝑗𝑙

𝑡 ∗ 𝑑𝑗𝑙
𝑡 ∗ 𝐶𝐼𝑇𝑘𝑗𝑙

𝑡𝑇
𝑡=1

𝐿
𝑙=1

𝐽
𝑗=1

𝐾
𝑘=1 )  

𝑑𝑗𝑙
𝑡 = 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡  

𝐶𝐼𝑇𝑘𝑗𝑙
𝑡 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑓𝑟𝑜𝑚 𝑅𝐷𝐶 𝑘 𝑡𝑜 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡  

𝑧𝑘𝑗𝑙
𝑡 = {

1 𝑖𝑓 𝑅𝐷𝐶 𝑘 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑡𝑜 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡 
  0  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                          

  

𝑧𝑘𝑗𝑙
𝑡 ∈ {0,1}  

∑ 𝑧𝑘𝑗𝑙
𝑡𝐾

𝑘=1 = 1 ∀𝑗, ∀𝑙, ∀𝑡  

 

Handling costs 

Besides the transportation costs, the product handling costs have to be paid for all products being handled 

in the warehouse. Similar to the transportation rates, these costs are dependent on the warehouse from 

which they are transported. The handling cost differs because several logistic providers are used which 

use their own rates. The handling costs are split up in outbound and inbound handling due to the work 

required and therefore the costs are different. The total handling costs are a multiplication of the handling 

rates per product and the number of products being handled. No handling cost for the RDCs are 

considered because each product group is sent to Australia from a single RDCs, adding cost to this fixed 

lane will not change anything in the decision for warehouse selection. This results in the following 

mathematical formulas for outbound and inbound handling costs. 
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Outbound handling 

𝐶ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔
𝑜𝑢𝑡𝑏𝑜𝑢𝑛𝑑 = ∑ ∑ ∑ ∑ (𝑦𝑗𝑖𝑙

𝑡 ∗ 𝑑𝑖𝑙
𝑡 ∗ 𝐶𝑂𝑗𝑙

𝑡 )𝑇
𝑡=1

𝐿
𝑙=1

𝐼
𝑖=1

𝐽
𝑗=1   

𝐶𝑂𝑗𝑙
𝑡 = 𝑜𝑢𝑡𝑏𝑜𝑢𝑛𝑑 𝑐𝑜𝑠𝑡 𝑜𝑓 1 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 l 𝑓𝑟𝑜𝑚 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡   

 

Inbound handling 

𝐶ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔
𝑖𝑛𝑏𝑜𝑢𝑛𝑑 = ∑ ∑ ∑ ∑ (𝑧𝑘𝑗𝑙

𝑡 ∗ 𝑑𝑗𝑙
𝑡 ∗ 𝐶𝐼𝑗𝑙

𝑡 )𝑇
𝑡=1

𝐿
𝑙=1

𝐽
𝑗=1

𝐾
𝑘=1   

𝐶𝐼𝑗𝑙 = 𝑖𝑛𝑏𝑜𝑢𝑛𝑑 𝑐𝑜𝑠𝑡 𝑜𝑓 1 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 l 𝑎𝑡 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡   

 

Warehousing costs 

The third part of the costs consists of the warehousing costs. These are the overall costs of using a 

warehouse. The warehouse costs per warehouse 𝐶𝑊𝑗 consist of rent, warehouse management fees, and 

all the other fixed costs that are relevant for the warehouse. The cost for the RDC are indicated with 𝐶𝑅𝑘 . 

In this model, the number and locations of the warehouses is a decision variable. Therefore, the binary 

variable 𝑢𝑗  
1  is included in the cost function for the warehouse costs. This way the warehouse costs are 

paid when the warehouse is used and equal to zero if the warehouse is not selected. In addition, variable 

is also used for the cost of closing a warehouse. The same applies to 𝑣𝑘
1. Another aspect of the warehouse 

costs are the costs of the influencing factors. This study aims to find the relevant factors that can influence 

the facility location decisions, the quantitative factors are directly included in the facility location model 

by adding their costs to the total warehousing costs. Further explanation of these quantitative factors is 

given in section 5.1. The open and close decision for each warehouse and RDC has to be made in the first 

period. Therefore, closing cost only appear in the first period and the binary decision variable stays the 

same for the rest of the periods. All the warehouses and RDCs are currently open, therefore, 

𝑢𝑗
𝑜 𝑎𝑛𝑑 𝑣𝑘

𝑜 are set to 1. The mathematical formulations for the warehousing costs are formulated as 

follows. 

 

Warehousing cost 

𝐶𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 = ∑ (𝑇 ∗ 𝑢𝑗
1 ∗ CWj + (1 − 𝑢𝑗

1) ∗ 𝐶𝐶𝑊𝑗) 𝐽
𝑗=1   

𝐶𝑊𝑗 = 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑝𝑒𝑟 𝑝𝑒𝑟𝑖𝑜𝑑  

𝑢𝑗
1 = {

1 𝑖𝑓 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑠 𝑘𝑒𝑝𝑡 𝑜𝑝𝑒𝑛 𝑓𝑟𝑜𝑚 𝑝𝑒𝑟𝑖𝑜𝑑 1  
 0 𝑖𝑓 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑠 𝑐𝑙𝑜𝑠𝑒𝑑 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 1                

  

𝑢𝑗
𝑜 = 1  

𝐶𝐶𝑊𝑗 =  𝑐𝑙𝑜𝑠𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 1  
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RDC cost 

𝐶𝑅𝐷𝐶 = ∑ (𝑇 ∗ 𝑣𝑘
1 ∗ CRk + (1 − 𝑣𝑘

1) ∗ 𝐶𝐶𝑅𝑘) 𝐾
𝑘=1   

 

𝐶𝑅𝑘 = 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑅𝐷𝐶 𝑘 𝑝𝑒𝑟 𝑝𝑒𝑟𝑖𝑜𝑑  

𝑣𝑘
1 = {

1 𝑖𝑓𝑅𝐷𝐶 𝑘 𝑖𝑠 𝑘𝑒𝑝𝑡 𝑜𝑝𝑒𝑛 𝑓𝑟𝑜𝑚 𝑝𝑒𝑟𝑖𝑜𝑑 1  
 0 𝑖𝑓 𝑅𝐷𝐶 𝑘 𝑖𝑠 𝑐𝑙𝑜𝑠𝑒𝑑 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 1               

  

𝑣𝑘
0 = 1  

𝐶𝐶𝑅𝑘 =  𝑐𝑙𝑜𝑠𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑅𝐷𝐶 𝑘 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 1  

 

Factor cost 

𝐶𝑓𝑎𝑐𝑡𝑜𝑟𝑠 = ∑ ∑ ∑ (CFfj
t ∗ 𝑢𝑗

1)𝑇
𝑡=1  

𝐽
𝑗=1

𝐹
𝑓=1   

𝐶𝐹𝑓𝑗
𝑡 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓 𝑜𝑛 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡  

 

2.4 Overall model 
The previous sections discussed all the aspects of the mathematical model, this section will give an 

overview of all the formulae used in the model. A list of all variables and a summary of the model is given 

on page 61. 

 So far, the transportation (𝐶𝑡), handling (𝐶ℎ) and warehousing (𝐶𝑤) costs are discussed. These costs 

together are the total cost of the supply chain. The total cost function is therefore given by: 

 

𝐶 = 𝐶𝑡 + 𝐶ℎ + 𝐶𝑤  

 

Where: 

 𝐶𝑡 = 𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛
𝑜𝑢𝑡𝑏𝑜𝑢𝑛𝑑 + 𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛

𝑖𝑛𝑏𝑜𝑢𝑛𝑑  

 

𝐶ℎ = 𝐶ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔
𝑜𝑢𝑡𝑏𝑜𝑢𝑛𝑑 + 𝐶ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔

𝑖𝑛𝑏𝑜𝑢𝑛𝑑   

 

𝐶𝑤 = 𝐶𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 + 𝐶𝑅𝐷𝐶 + 𝐶𝑓𝑎𝑐𝑡𝑜𝑟𝑠  
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Combining the formulas mentioned before together gives the following minimization function for the 

facility location problem with the corresponding constraints. 

 

𝑀𝑖𝑛 𝐶 = 𝐶𝑡 + 𝐶𝐻 + 𝐶𝑊 

Subject to 

∑ 𝑦𝑗𝑖𝑙
𝑡𝐽

𝑗=1 = 1     ∀𝑖, ∀𝑙, ∀𝑡          (1) 

 

∑ 𝑧𝑘𝑗𝑙
𝑡𝐽

𝑘=1 = 1     ∀𝑗, ∀𝑙, ∀𝑡         (2) 

  

∑ ∑ 𝑑𝑖𝑙
𝑡 𝑦𝑗𝑖𝑙

𝑡 ≤ 𝑊𝑗𝑢𝑗
1     ∀𝑗, ∀𝑡𝐿

𝑙=1
𝐼
𝑖=1          (3) 

 

∑ 𝑑𝑗𝑙
𝑡 𝑧𝑘𝑗𝑙

𝑡𝐾
𝑘=1 ≥ ∑ 𝑑𝑖𝑙

𝑡 𝑦𝑗𝑖𝑙
𝑡𝐼

𝑖=1      ∀𝑗, ∀𝑙, ∀𝑡        (4) 

 

∑ ∑ 𝑑𝑗𝑙
𝑡 𝑧𝑘𝑗𝑙

𝑡 ≤ 𝑊𝑘𝑣𝑘
1     ∀𝑘𝐿

𝑙=1
𝐼
𝑗=1 , ∀𝑡         (5) 

 

𝑌𝑗𝑖𝑙
𝑡 ∗ 𝑡𝑗,𝑖  ≤ 𝑡𝑖 𝑚𝑎𝑥           (6) 

         

 

𝑢𝑗
1, 𝑣𝑘

1, ∈ {0,1}     ∀𝑗, ∀𝑘           (7) 

𝑦𝑗𝑖𝑙
𝑡 , 𝑧𝑘𝑗𝑙 

𝑡 ∈ {0,1}    ∀𝑗, ∀𝑖, ∀𝑙, ∀𝑘, ∀𝑡           (8) 

𝑑𝑖𝑙
𝑡 , 𝐷𝑗𝑖, 𝐿, 𝑆𝑖 𝑚𝑎𝑥, 𝑊𝑗 , 𝑊𝑘  ≥ 0       ∀𝑗, ∀𝑖, ∀𝑘, ∀𝑙, ∀𝑥            (9) 

 

The constraints (1) and (4) refer to the customer demand. Constraint (1) guarantees that all demand of 

each customer for each product in all periods is met. It also ensures that customers source their products 

from a single warehouse. Constraint (4) ensures that warehouse j needs an amount of products equal to 

the sum of demand to deliver to the final customer. Constraint (2) guarantees that all the demand of the 

warehouse is met by the RDC and is similar to constraint (1). Constraint (3) and (5) are capacity constraints. 

These ensure that the total number of products delivered does not exceed the maximum capacity of the 

warehouse and RDC. Final constraint (6) ensures a maximum service distance between de customer and 

the warehouses. Finally, some binary and non-negativity restrictions are added in (7), (8) and (9). 
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3. Data sets 
This chapter will discuss the data that has been collected for the Australian case. For each data group 

some statistics are given. In addition, the required modifications to fit the data in the model are discussed. 

Not all the data required for the modeling was provided by the stakeholders. Some of the data had some 

missing records, were inconsistent or needed simplification to be used in the model. Section 1 will discuss 

how the data is collected and section 2 gives information about how missing data is dealt with. In section 

3 the different data groups are discussed, this will cover the sales data, product data, transportation costs, 

replenishment cost, and the warehousing cost. All the data mentioned in this chapter will be used to 

calculate the current situation for the Australian case. 

 

3.1 Data collection 
During this project, the input data for the model is collected in two ways. Semi-structured interviews with 

open questions are held with the supply chain managers to collect information about the supply chains, 

preferences of the stakeholders and model influences. This information is used to understand how the 

current supply chain works and as in input for the scenario building. The interviews were held with the 

supply chain managers of the different product groups because they know exactly how their supply chains 

work and what important aspects each of their supply chains have. The questions used for these semi-

structured interviews is given in Appendix 5 The first round of interviews focused on the supply chain and 

the required information for the model. The second round was focused on the stakeholder preferences 

and scenario development. The other stakeholders that provide useful information on additional 

information needed to model the supply chain such as shipping rates and market information. The list of 

stakeholders is as follows. 

 Project manager integrated warehousing, provided information about the general supply chains 

and working methods with Philips. 

 Supply chain manager HS, provided information about HS supply chain. 

 Supply manager SRC, provided information about SRC supply chain. 

 Supply chain manager SPS, provided information about SPS supply chain 

 Supply chain manager PH, provided information about PH supply chain 

 Commodity manager procurement forwarding and distribution, provided information about 

shipping rates and shipping providers 

 Physical distribution manager APAC, provided information about general supply chains and 

distribution in Australia 

 

The other data required such as transactional data, inventory levels and shipping lead times come from 

SAP systems and Excel files created by interviewed employees. The transactional data consists of sales 

date, products sold, quantity sold, warehouse location and customer location. The inventory data 

contained all the information required of the products, such as storage location, product information such 

as values and volumes and other product specific characteristics. Some examples of data collected are 

shown in Appendix 5. Collecting the data directly from the supply chain managers from the corresponding 

product group gives reliable quantitative information because this is the data stored in the information 

systems from Philips. Information that was not recorded in the information systems is estimated with the 

use of the corresponding stakeholder. 
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3.2 Missing data 
Data is collected from several information systems and employees. This resulted in inconsistencies in the 

quality and availability of data. For example, data is stored in different formats and not all product groups 

keep track of the same data. The modeling required uniform and consistent data. Therefore, the data of 

all three product groups is standardized in the same format. Assumptions are made for missing data. For 

example, no volume data was available for the HS products. Therefore an assumption is made for each 

product based on the volume data from the SRC and PH products. These types of assumptions are checked 

with the corresponding stakeholders. The data is then adjusted according to the feedback of the 

stakeholders. Inconsistencies with the transportation rates are discussed with the logistic providers and 

the stakeholders of the product groups. Together, transportation costs are agreed upon that are used for 

the model input. Further explanation of all the assumptions and simplifications made on the data are 

described in the following sections. 

 

3.3 Collected data 
For each of the different data types a discussion is given on what adaptions, simplifications or cleaning is 

applied to come to the model data. 

 

Sales Data 

The historical sales data is used as the demand for the model. Sales data contains information about 

customer addresses, source information, sold products and quantities being sold. The raw sales data is 

cleaned before it was transformed into model demand. Order lines with undefined products missing 

customer information or no source data are deleted. In addition, only the sales orders for warehouses 

relevant to the study are selected.  The product group SRC failed to provide a whole year of data, only two 

months of data was provided by the stakeholders. With validation of the stakeholders, it was decided that 

the two months are representative for the other months as well. The gathered data is used to create 

demand for the missing months. Tables 3, 4 and 5 give the sales quantities and the number of sales orders 

after data cleaning. For the modeling purpose the demand is aggregated, multiple orders or multiple 

products of the same group placed on a single day by the same customer are aggregated together into a 

single order. The ordered products are then converted into shipment sizes based on the cube of the 

product. These shipment volumes are loaded into the model as the customer demand for each product 

group. The item characteristics such as volumes are still taken into account this way, but by aggregating 

the demand before loading it in the model, the amount of variables is reduced. This results in 72327 order 

lines for a year of data. In this case, over 4300 customers in 1400 different cities or suburbs need to be 

considered. 

 
Table 3 Sales quantities HS 
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1 HS1 DHL Sydney 24055 18389 12944 82285 2613 M3 

2 HS2 EXP Sydney 7371 1123 949 33116 1090 M3 
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Table 4 Sales quantities PH 
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1 PH Schenker Sydney 236984 65200 47309 1617436 19541 M3 
Table 5 Sales quantities SRC 
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1 SRC DHL Sydney 38988 10165 10165 75349 2100 M3 

2 SRC DHL Perth 3682 960 960 8637 53 M3 

 

The historical sales data makes clear that PH is the biggest product group with Schenker as the biggest 

logistic provider. The roughly 300000 order lines are aggregated into the 72000 demand lines used in the 

modeling. This indicates that customers order contain multiple products or order multiple times per day. 

 

Product data 

Product data contains all the information required about the products being sold such as product volume, 

product values, and inventory levels. In total, over 3000 unique products were identified based on the 

sales orders of 2018. For PH and SRC almost all relevant product information was available within Philips 

information systems, only some minor addition needed to be made on some missing product volumes. 

The data for HS was very incomplete; item master data did not match the sales records provided by the 

business. Therefore, product volume data for HS was missing and assumptions are made to fill in the 

missing values. Because the products are all consumables, the assumption is made that the cubic volume 

is not much different between product groups. An average and standard deviation is calculated based on 

the data available for PH and SRC, this is used to assume cube data for HS.  

 

Transportation cost 

Transportation cost represents the cost made for shipping the products from the warehouses to the 

customers. These costs are based on the rate cards provided by the logistic providers. Each warehouse 

has its own set of transportation rates. For DHL and Schenker, the rate cards were provided and deemed 

use full. These rate cards calculate the transportation cost based on the postal code of the customer. 

Using the same type of cost calculation would introduce several thousand extra variables into the model. 

Therefore, the rate tables are converted to a cost per cube per Kilometer. Each state from each warehouse 

has its own corresponding rate. These rates are shown in Table 6. The steps of converting and the 

validation are discussed in more detail in Appendix 6. However, not all the logistic providers were able to 

provide clear rate cards to base the transportation cost on. Therefore, the same rates as DHL are used for 

the Expeditors warehouse. Both warehouses are similar in activities and location, which makes this 

assumption acceptable. This assumption and the simplification on the transport rates are checked with 

the stakeholders and the procurement department to verify the correctness. 
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Table 6 Transportation rates current situation (All values are per M3/KM) 

State Schenker DHL (Sydney) DHL (Perth) Expeditors 

NSW  $       0.70 M3/KM    $               1.90 M3/KM   $           0.55 M3/KM   $          1.90 M3/KM  

NT  $       0.08 M3/KM   $               0.15 M3/KM   $           1.67 M3/KM   $          0.15 M3/KM  

NZ  $       0.12 M3/KM   $               0.12 M3/KM   -  -  

QLD  $       0.15 M3/KM  $               0.18 M3/KM   $           0.53 M3/KM   $          0.18 M3/KM  

SA  $       0.10 M3/KM  $               0.14 M3/KM   $           0.63 M3/KM  $          0.14 M3/KM  

TAS  $       0.23 M3/KM   $               0.30 M3/KM   -   $          0.30 M3/KM  

VIC  $       0.11 M3/KM   $               0.08 M3/KM   $           0.40 M3/KM   $          0.08 M3/KM  

WA  $       0.07 M3/KM   $               0.10 M3/KM   $           3.00 M3/KM   $          0.10 M3/KM  

 

Replenishment cost 

Replenishment cost represents the cost made for shipping the products from the RDC to the warehouse. 

These costs are based on the rate cards for container shipping. Each RDC has its own set of transportation 

rates. In the current situation, PH and SRC are replenished from single RDCs, while HS is replenished from 

several production sites across the world. Because the production sites are in fixed locations and cannot 

be changed, the simplification of a single RDC per product group is made. This assumption highly enhances 

solver speed without giving in much on details on the final solution.  

The replenishment cost of the warehouses are calculated based on a rate per cube. All products that enter 

Australia need to be sent by plane or boat. More than 90% of the replenishment shipments are done by 

boat, therefore, the assumption is made that all products enter Australia by boat. With fixed rates per 

container from an origin to a destination, a cost per cube send is calculated which is used to determine 

the transportation cost from RDC to the warehouses. These rates are shown in Table 7. 

 
Table 7 replenishment rates current situation 

Origin Port Destination Cost 

Shenzhen (PH) Sydney $21 /M3 

Singapore (SRC) Sydney $21 / M3 

Singapore (SRC) Perth $22 / M3 

Rotterdam (HS) Sydney $26 / M3 
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Warehousing cost 

Warehousing cost consists of all the cost made in the warehouses, such as inbound and outbound 

handling, fixed warehousing cost and warehouse management fees. Each warehouse provided rates for 

handling at the warehouse. Usually, these rates consist of a fixed cost per package and a variable cost per 

item. With the current model, this type of cost calculation is not possible. Therefore, also these costs are 

converted into a rate per cube. For each warehouse, a cost for handling a cube of products is determent 

for the inbound and the outbound cost. More details about the calculations of these rates and the 

validation can be found in Appendix 6. The fixed warehousing costs are a monthly cost that the provider 

charges for the use of the warehouse. This charge will increase when more throughput goes through the 

warehouse. This increase in warehousing cost modeled with the use of the factor cost mentioned in 

section 2.3.8. The closing costs are a one-time cost occurring when a warehouse is closed. All fixed 

warehouse and closing costs are determined based on cost sheets provided by the logistic providers and 

are validated with the corresponding supply chain managers. Table 8 gives an overview of all the cost 

used. 

 
Table 8 Warehousing cost current situation 

Warehouse City Products Fixed cost  Closing cost Inbound Outbound 

75 Seville St. (Schenker) Sydney PH $50,000 $50,000 $50 / M3 $110 / M3 

2-22 Grady Crescent (DHL) Sydney SRC / HS $25,000 $15,000 $50 / M3 $105 / M3 

9 Dawson road (DHL) Perth SRC $3,000 $10,000 $50 / M3 $105 / M3 

10-14 Mcpherson St (Exp.) Sydney HS $15,000 $10,000 $50 / M3 $110 / M3 

All RDC 
  

$10,000 -   
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4. Method 
Section 2.4 introduced the mathematical model used to find the optimal warehouse locations. This 

chapter will discuss how the model is solved. Section 1 will discuss the software tool that is used solve the 

model and find the solutions. Next, the solver method is discussed. Section 3 will validate the tool by use 

of a toy problem. In the final section of this chapter a conclusion is drawn. 

 

4.1 Supply Chain Guru 
Based on the formulated model and the business criteria from Philips, Supply Chain Guru is picked as the 

desired software tool to solve the problem. Supply chain guru is picked as the suitable solver tool based 

on its ability to solve the MILP model, set up in chapter 2, the ability to solve large problems, the 

availability of the software within Philips and the overall ease of use of the software. The validation of the 

tool is further discussed in section 3 of this chapter. More on the software tool selection can be found in 

Appendix 4. Supply Chain Guru is created by LLamasoft is an industry leading software tool to analyses 

supply chain network designs. Supply chain guru uses FICO Express as the solver for the mixed integer 

programming models to find solutions to facility location problems more on this solver method can be 

found in section 4.2 (xpress-Optimizer, 2017). This solver can handle multiple products, multiple facilities 

and multiple echelons that makes it ideal to solve the current problem faced by Philips. All the relevant 

information for a facility location problem has been discussed in section 2.3. These inputs are the same 

as the inputs required in the software tool. The needed input for the Supply chain guru tool is shown in 

Figure 6.  It can be seen in this figure that the input parameters for the tool do not differ from the general 

inputs for the facility location problems. Appendix 9 gives a full-size version of Figure 6 for better 

readability. The main input tables for supply chain guru are the products, customers, sites, demand, 

inventory policies, sourcing policies, and transportation policies. All these input parameters can be 

entered in the model in a tabular format. The product, sites, and customer tables contain all the 

information needed to describe the parameters such as location, weights and names. The demand table 

contains all the demand of the customers. This demand is fulfilled based on the sourcing and 

transportation policies. The sourcing policies will determine what source and destination combinations 

are possible, while the transportation policies determine the cost associated with these combinations. 

The software tool also allows the use of constraints. Each of the constraints set up in the final 

mathematical model is also set up in the software tool. For example capacities to warehouses are added, 

a maximum number of open sites constraints can be used and the open and close in the first period 

constraint is added. 

 

The software tool calculates the optimal solution based on the input data provided by the user. This 

solution is outputted in several tables for easy understandability of what cost occurs in the model. The 

outputs from these tables can be converted into KPI’s to compare different solutions. With the current 

situation in place, the scenario builders’ tool of the software allows the user to create scenarios. These 

scenarios provide useful information on the robustness of the solutions given by the model. The scenarios 

can also be used to compare different supply chain set-ups that differ from the cost optimal solution. 
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Figure 6 Parameter overview Supply Chain Guru 

4.2 Solver method 
Supply Chain Guru uses a branch and bound algorithm to solve the mixed integer program (MIP). First, an 

initial and most trivial linear solution (LP) is calculated for the MIP. This will be set as the bound of the 

problem. Branch and bound can be viewed as a tree–search algorithm. Each node of this tree is a MIP 

problem. A node is relaxed and the LP solution is calculated. If the LP relaxation is not cutoff, then the 

node MIP problem is partitioned into two more sub–problems. Each sub MIP has equal constraints as the 

parent node, with an additional inequality constraint. Each node is, therefore, either cutoff or has two 

sub-problems. The cutoff concept is based on two observations that apply to all node MIP problems. First, 

the optimal objective of a MIP of a node cannot be better than the optimal LP relaxation objective. Second, 

the optimal objective of a sub problem cannot be better than the parent node. Going down the tree, the 

best MIP objective found is kept as a cutoff value. If an optimal LP relaxation objective of a node is worse 

than the cutoff value, all the objective values of the sub-nodes will be worse, so the node can be cutoff 

and does not need to be evaluated further. The algorithm will stop searching for a better solution when 

the difference between the new solution and the current solution reaches the given cut-off percentage. 

The following steps are taken to run the branch and bound algorithm (xpress-Optimizer, 2017). 

 

 Model is run and LP is solved capturing the best-bound 

 Solver begins its tree search, discovering actual feasible solutions that are integer in nature 

 As it traverses through the tree, it is generally improving the bound based on cutting out areas 
of the tree which are not feasible or solve to a less desirable solution than the best current 
solution 

 Additionally, as it finds new, better feasible solutions it will reduce the gap and replace the 
current solution 

 The solver will continue the tree search until the gap is reduced within the cancellation 
tolerance 

 Once that is achieved, the application gives the full solution for the best possible one it  
discovered 

(Wu, 2019) 
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4.3 Model validation 
When using a software tool to do the calculation of the mathematical model, validation of the model and 

the results are important. To do this validation an Excel sheet is created to test all the cost calculation and 

constrains by solving a problem manually. With the constraints and calculation checked, the same 

problem is solved by Supply chain guru and again with the Excel sheet. The results of supply chain guru 

and the Excel are compared to check if the model is correct in the software. This case uses a limited 

number of customers, warehouses, RDCs and products for easy manual solvability.  

 

4.3.1 Cost calculations and constraints 
The cost calculations and constraints of the mathematical model are tested by solving a simple case of a 

network optimization problem by hand. This small case consists of two warehouses, three customers, two 

products and two RDCs and will run for two periods. The first period has demand of two customers, the 

second period deals with the demand of the third customer. All the cost parameters used in the toy 

problem can be found in Appendix 7. The model will validate the cost calculations for transportation, 

replenishment, handling, warehousing cost, and factor cost. In addition, the seven constraints will be 

evaluated to check if they work correctly. The Excel is set up in a way that the constraint values will turn 

red if the constraint is violated. This verifies if the constraint works when it should and makes sure that a 

viable solution is found. The light green cells shown in Figure 7 indicate constraining values. When the cell 

is light green, the constraint is not violated. 

 
Figure 7 Constraint validation in Excel 

  

1. Capacity constraint 
2. Do not send more than received 

3. Service distance constraint 
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The following seven constraints are tested in the Excel model 

 All customer demand is met by single warehouse 

 All warehouse demand is met by single RDC 

 Warehouse has sufficient capacity 

 RDC has sufficient capacity 

 Amount sent from warehouse is less or equal to amount sent to warehouse 

 Maximum service distance 

 Open and close decisions are made in first period 

The following part of this section will explain how the constraints are included in the model, each of the 

constraints is discussed in a small section for further explanation.  

 

With two customers, two warehouses and two products, eight different combinations of allocating the 

demand to the warehouses are possible. These eight combinations are captured in the model by the 

binary variable yjil. When a combination exists, it will return 1 if not it will return 0. The constraint allows 

one warehouse to deliver products to the customer.  

 

 
Figure 8 Decision variables of constraint validation model 

The summation over j (warehouse) for each relevant customer product combination can therefore not 

exceed 1. This constraint also makes sure that the demand is fulfilled. The same type of constraint holds 

for the RDC and warehouse combinations. The different combinations of yjil and zkjl and the summation 

of the constraint are shown in Figure 8. 

 

A warehouse and RDC can only send products when it is opened. Therefore, the two capacity constraints 

are added. This constraint makes sure that the binary variable multiplied with the capacity is larger than 

the number of products being shipped. When the warehouse is closed, capacity is 0 and no products can 

be shipped through that warehouse. The constraint for the warehouse is seen in Figure 7 next to the 

number 1.  

 

When open have capacity 

Customer and warehouse served by 

single source 

Binary decision variables Open and close decisions made in first period 
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The final demand related constraint makes sure that the warehouse does not sent more products then it 

receives from the RDC. This constraint checks the required demand of the customer matches the amount 

send to the warehouse from the RDC. This constraint show next to the 2 in Figure 7. 

 

Another constraint makes sure that a maximum sourcing distance between warehouses and customers is 

enforced. This constraint makes sure that only warehouse customer combinations that are within the 

predefined service distance can be used. This can be seen next to the 3 in Figure 7. In addition to checking 

constraint, the cost calculations are also checked. By calculating different outcomes, it is validated that 

the formulas return the correct cost. Appendix 7 gives a more in depth explanation of the excel sheet, and 

how the constraints are taken into account. These cost calculations are checked additionally with another 

solve explained in the next section. 

 

4.3.2 Validation solve 
With the constraints checked, and the cost calculation evaluated, the model is tested in the software 

tool. This is done by solving a validation case in excel with the use of enumeration, and solving it using 

the software to compare results. The validation case consists of the elements shown in Table 9. 

Table 9 validation model elements 

Parameter Quantity 

Customers 3 

Warehouses 2 

Products 2 

RDCs 2 

Transport modes 1 

Periods 2 

 

The warehouses are located in Sydney and Perth, the customers in Esperance (WA), Adelaide (SA) and 

Alice Springs (NT). The RDC are located in Singapore and Shenzhen. Each of these model elements are 

populated with the corresponding costs. The final aspect is the demand of the customers for the two 

products. The values used for costs and demand can be found in Appendix 7. 

 

To validate the calculation in the software, three calculations are made in Excel. The first one keeps both 

warehouses open to check if the transportation cost calculations. Based on these transportation costs, 

the customers are allocated to the warehouses. This solve does not allow the warehouse to close yet and 

no other constraints are added yet. So only, the calculations of the transportation cost are checked. 

In the second calculation, either of the warehouses can be closed. Here the calculation of the costs of 

keeping and closing warehouses and RDCs is checked. The final calculation considers the maximum service 

distance constraint. By setting a maximum distance traveled between the warehouse and the customer, 

the optimal solution is changed. In the first case, the transportation cost for the third customer based on 

the formula in section 2.3.8 become 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 = (40 ∗ 0.001) ∗ (2330 ∗ 0.09) = $8.39. 

This calculation is based on the amount sent from warehouse Perth to the customer in Alice Springs with 

the corresponding distance and rate for that customer. Based on only transportation costs, this would be 

the cheapest lane for this customer. However, also the outbound cost need to be considered when 
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shipping to the customer. When these costs are added, the transportation cost between Sydney and Alice 

Springs becomes cheaper. Therefore, that lane is selected as final allocation.  

A more in-depth buildup of the costs can be found in Appendix 7. Table 10 gives the costs for the three 

calculations based on all the formulas needed for the model. In each row, another cost type is added 

based on the formulas. This gives the optimal solution of $382.29 when the service distance constraint is 

taken into account. When loading the elements and costs into the software, the same results come out 

for the baseline calculation and the optimal solution. The output tables and maps can be found in 

Appendix 7. This verifies that the software tool can handle the mathematical model that has been created 

in section 2.4. It makes the same open and close decisions and allocates the customers to the correct 

warehouses. By solving the three different solutions all the cost calculations and constraints are checked 

if they work correctly. By splitting the cost up in the different cost types in the excel calculations, it 

becomes easier to follow where the costs are made in the excel model. 

 
Table 10 Validation model costs 

Cost type Both open Optimal no distance 

constraint 

Optimal with distance 

constraint 

Transportation cost $15.39 $26.7 $23.47 

With outbound $33.34 $37.7 $45.47 

With inbound $38.84 $43.2 $50.97 

With replenishment $40.00 $44.30 $52.29 

With management $490 $244.3 $302.29 

With factor $590 $284.3 $362.29 

With closing $590 $304.3 $382.29 

 

4.4 Modeling conclusion 
Based on the mathematical model that is created for this research and the business requirements from 

Philips, supply chain guru came out as the best tool to use for this project. This tool has a powerful solver 

to find solution for MILP facility location problems, and the branch and bound algorithm makes sure that 

solution can found relative quickly. The validation of the mathematical model and the software tool gave 

positive results. The constraints and cost formulas work as intended according to the toy problem and the 

software tool uses the formulas in the same manner according to the validation solve.   
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5. Numerical analysis 
This chapter will discuss the results of the modeling. First, the relevant influencing factors are discussed. 

These influencing factors are translated into relevant scenarios in section 2. Third, the current situation is 

given with all the relevant costs and statistics. After that, section 4 gives the results of all the scenarios 

are and compares them based on the total cost, service time and warehouse throughput and inventory 

cost. 

 

5.1 Model influences 
The literature gives an excessive list of 14 factors, which all have sub factors, to consider when location 

facilities. These factors are separated in quantitative and qualitative factors and are discussed in the 

following sections. First, the relevant quantitative factors are discussed. Second, the qualitative factors. 

This section will end with the factors that are not relevant to the current case. 

 

Quantitative factors 

Some of these factors are directly included in the mathematical formulation of the model. For example 

the cost of transport, cost of the industrial site and corresponding utilities and availability of materials 

(supplier location). These factors are quite standard and already considered at Philips when calculating 

costs and therefore, will not be discussed in much detail. Some less standard factors that still might be 

important are labor availability, market proximity, and product specific warehouse requirements. These 

seven factors are quantitative and have a direct effect on the parameters used in the model. Changes in 

these factors can be tested with the use of scenarios; this will be further discussed in section 5.2. The 

following paragraphs give some insight in the effect of the latter three factors on the case of Australia. 

 

Labor and Global competition 

The labor and global competition factors contain all the influences that deal with labor cost, education 

levels, job market stability and the availability of labor related aspects. Currently, the market conditions 

in Australia are strong; this means low unemployment rates and the increasing amount of jobs being 

offered. (“Australian Jobs,” 2018). The unemployment rates differ per state, an overview of the 

unemployment rates per state is given in Figure 19 in Appendix 8. Many of these jobs are for high skilled 

workers and the majority of the growth over the past few years has been occupations that generally 

require post-school qualifications.  According to the Australian government, this trend is likely to continue 

(“Department of Employment,” 2019).  However, warehouses mainly need lower skilled labor. With the 

rise of higher educated people, it can become harder to find the correct employees needed for the 

warehouses. This lack of employees could lead to higher warehouse handling rates over a longer time-

period. According to recent numbers, warehouse employee salaries rose with at least 6% compared to 

last year, this trend can eventually have an influence on the handling cost (Bartolotta, 2019). The effect 

of this trend in the labor availability can be checked by adjusting the warehouse handling rates in the 

model. Further detail on the changes applied to the model will be given in the scenario section 5.2. 
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Market proximity  

Australia is a relatively large country, with a landmass almost as big as Europe. This causes long travel 

distances if the warehouses are not placed near the large demand hotspots. Placing the warehouses close 

to the demand can reduce costs in transportation and decrease the time it takes to deliver the order. The 

demand is not spread evenly over Australia; most of it is located in the southwestern corner of Australia. 

This will highly affect the decision on optimal warehouse location because land transport can become 

quite expensive over longer distances. The scenario analyses will look into the effect of changing the 

inbound and outbound logistic costs, these scenarios are further explained in section 5.2. 

Table 11 gives the current percentages of total demand per state. Based on the statistics it would be 

beneficial to have a warehouse close to or in New South Wales and Queensland. Because Australia is in 

fact a large island, proximity to a port is also important. Warehouses closer to ports can be replenished 

cheaper than the warehouses further inland. Both the inbound and outbound transportation costs in the 

model will take care of selecting a warehouse that is optimal based on the proximity to the customers and 

the ports needed to replenish the warehouses. The scenario analyses will look into the effect of changing 

the inbound and outbound logistic costs.  

 
Table 11 demand percentage per state 

State % of demand 

New South Wales 36% 

Northern Territory 1% 

Queensland 18.2% 

South Australia 6.3% 

Tasmania 1.7% 

Victoria 22.5% 

Western Australia 8.2% 

New Zealand 6.1% 

 

Product specific warehouse requirements 

The products have an influence on the requirements for the warehouses. These requirements have to be 

met to efficiently handle and store the product in the warehouse. As mentioned in section 1.4.2, three 

requirements are considered in the modeling. First, product diversity, with many different products, more 

inventory is required to satisfy demand in a timely manner. This leads to higher warehousing costs. Second 

is item handling, not all products are as easily handled. Therefore, it is important that the warehouses 

have sufficient capabilities to handle all the different products otherwise in and outbound handling costs 

will be unnecessarily high. The third requirement is the special storage requirements, some products 

require ISO certifications or special storage conditions such as climate or humidity control. These 

requirements can be very expensive to implement when a considered warehouse does not have these 

requirements yet, which will increase the fixed warehousing cost. Table 12 shows the current warehouses 

with the specifications of the three requirements mentioned above. 
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Table 12 Warehouse specifications and requirements 

Warehouse Products Product diversity Item handling Special storage 

Schenker Sydney PH High 760 Good - 

Expeditors Sydney HS High 590 Good ISO 

DHL Sydney HS / SRC High 660 / High 650g Good ISO 

DHL Perth SRC Low 250 Good for small volumes - 

 

When modeling new scenarios these aspects are taken into account with the factor cost. For example, 

when a warehouse is allowed to store products of multiple product groups the factor cost will increase 

the warehousing cost. How the product specific warehouse requirements are applied in the model is 

further specified in the scenario section 5.2. 

 

Inventory 

Inventory cost are not taken into the model described in section 2.3. However, the effect on inventory are 

used in the final decision-making. For each scenario, safety stock levels will be calculated based on the 

demand allocated to each warehouse. Comparing the safety stock levels to the current situation gives an 

indication of the increase or decrease in inventory values for the scenarios. For this study, an inventory 

carrying cost of 20% per year is used. By using an inventory carrying cost, an indication is created of the 

effect of the new inventory levels on the total cost of the scenario. The safety stock are calculated with 

the following formula. 

𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑡𝑜𝑐𝑘 = 𝑍 ∗ √
𝑃𝐶

𝑇
∗  𝜎𝐷  

𝑍 = Z-score 

𝑃𝐶 = Lead time 

𝑇 = time increment used for calculating standard deviation 

𝜎𝐷 = Standard deviation of demand 

(King, 2011) 

 

Qualitative factors 

The previously mentioned factors are all quantitative factors. The other type is the qualitative factors. 

These factors are not directly modeled in the formulation but the effect of these factors will be checked 

with scenarios. These factors are tested separately because they can influence the optimal solution, have 

no hard constraint on the optimal solution. In addition, the employee preferences are seen as qualitative 

factors.  

 

Community 

The availability of labor is discussed before as a quantitative factor however, the efficiency of the labor is 

also an important factor. This efficiency is partly depended on the community factors around the 

warehouse location. The location for the facility influences the type of employees, mainly because people 

search for a job nearby. Each location can have characteristics that can influence the efficiency of the 

facility location. Based on the type of facility that is required characteristics like education level and 

motivation can highly influence the efficiency of the facility. Currently, the warehouses are located in 

Western Australia and New South Wales. For both states, over 80% of the employees is satisfied with their 

work (Cassels, 2017). Overall, the work satisfaction is quite similar in all states in Australia as can be seen 
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in Figure 20 in Appendix 8. Because the levels of motivation can influence the warehouse handling cost, 

it is still interesting to see how much the handling cost need to change to have a significant influence on 

the decision for the optimal solution. Scenarios will check how much the outbound handling cost can 

change for the different logistic service providers before the solution changes. The scenario to check this 

change will be further explained in section 5.2. 

 

Employee Preferences 

As mentioned before, supply chain decisions such as optimal warehouse locations have an impact on 

many different stakeholders. Each of these stakeholders might have a different view on what they see as 

an optimal solution. For this research, these different views are called preferences. For example, 

somebody might prefer to keep open a specific location or to have the distribution done by a specific 

supplier. The preferences arise from working in the same way for longer time and might have valuable 

information in them that is not directly seen in contracts or agreements. The personal bond between 

managers and suppliers can bring benefits to the overall supply chain. These preferences might differ from 

what the model gives as an optimal solution. According to Benedict, (2009) it is important to align these 

preferences with the business scope to have a higher chance of acceptance of change. The FLP model will 

give an economically optimal solution; this solution can be compared to a solution that fits the preferences 

of stakeholders. The employee preferences are gathered by arranging meetings to explain the situation 

and ask for input on what they think is important to take into account. These preferences are used in 

scenarios to enforce certain supply chain designs; these can be compared with the cost optimal solution. 

Comparing the different solutions gives a better understanding of which preferences are feasible. If a 

preference leads to a much more expensive solution, this preference is probably not taken into account 

for the final network redesign. The scenarios that are made to check the employee preferences are given 

in section 5.2.  

 
Irrelevant factors 
The current case of Philips Australia deals with a single country where the warehouses need to be located. 

Therefore, some factors are not relevant for this case because all the locations are influenced equally by 

the factors. Any changes occurring to these factors will not have an influence on the decisions for optimal 

warehouse locations. 

 
Tax and Economic Factors 

Taxes are regulated nationwide and the Australian economy strength is quite similar across the country 

(Heritage, 2019). This means that taxes, financial incentives, interest rates and currency strength are not 

different between locations.  

 

Government regulations and political 

Regulations of external companies is managed by the government and not on state level. Therefore all 

the regulations are the same in the while country (Collins P., 2019). Each state can introduce their own 

laws but they cannot be in contradiction with the laws made by the overall government. This creates a 

stable political environment that does not affect the decisions for warehouse selection(Australia.gov, 

2019).  
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5.2 Scenarios 
Section 5.1 discussed the factors that influence the decisions for optimal warehouse selection. The effect 

of these factors will be tested by running scenarios that are compared to the initial cost optimal solution. 

A differentiation is made between four types of scenarios, current situation, original scenarios, sensitivity 

scenarios, and extreme scenarios. The current situation calculates the costs as they would have occurred 

according to the historical sales data. The original scenarios are scenarios that are most likely 

implementable in the near future. The sensitivity scenarios test the effect of the influencing factors and 

the robustness of the solution of the cost optimal scenarios. In addition, some extreme scenarios in which 

new warehouses are added to the current supply chain structure. In these extreme scenarios, it is 

assumed that an additional warehouse is open in the first period.  Each scenario also deals with the 

product specific warehouse requirements, based on the scenario the costs for warehousing are increased.  

When scenarios are run with less warehouses than the current situation, then the fixed warehousing cost 

of the warehouses in use are increased manually with the factor cost. This is required because these 

remaining warehouses have more throughput and more space requirements and therefore higher fixed 

cost. The following sections describe all the scenarios that are created. Table 13 gives the original 

scenarios, Table 14 gives the sensitivity scenarios and Table 15 describes the extreme scenarios. For each 

scenario, a short description is given and an explanation of which factors are taken into account with the 

scenario.  

 

Original scenarios 

Scenarios 1 until 7 shown in Table 13 are seen as most realistic changes that can happen to the supply 

chain structure in the near future. Scenario 1 gives the current situation. Scenario 2 calculates the cost 

optimal solution. The final five scenarios have supply chain structures based on the employee preferences 

and are therefore qualitative scenarios.  These scenarios mainly focus on consolidation warehouses and 

having more efficient customer to warehouse allocations. Each of these scenarios is run separately and is 

based on the same data provided for the current situation. 
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Table 13 Scenario overview 

Scenario 

ID 

Scenario Description Factors Parameter changes 

1 Current 

situation 

Actual sales data with 
fixed warehouse locations, 
fixed customer allocations 
and fixed warehouse 
product combinations.  

-  

2 Cost optimal Let model decide optimal 
warehouse customer 
allocations, optimal 
product warehouse 
combinations and number 
of locations. 

Product specific 
warehouse 
requirements 
 

Customer allocation, 
product allocation, 
increase fixed cost, 
maximum distance 
constraint 

3 Keep SRC 

Perth open 

SRC warehouse in Perth 
stays open for SRC 
products only, rest of the 
products go through cost 
optimal warehouse 

Product specific 
warehouse 
requirements 
And employee 
preferences 
 

Customer allocation, 
product allocation, 
increase fixed cost, 
maximum distance 
constraint 

4 Only 

Schenker 

Sydney 

All products go through 
the Schenker warehouse 
in Sydney. 

Product specific 
warehouse 
requirements 
and employee 
preferences 

Customer allocation, 
product allocation, 
increase fixed cost, 
maximum distance 
constraint, maximum 
number of warehouse 
constraint 

5 Only DHL 

Sydney 

All products go through 
the DHL warehouse in 
Sydney. 

Product specific 
warehouse 
requirements 
and employee 
preferences 

Customer allocation, 
product allocation, 
increase fixed cost, 
maximum distance 
constraint, maximum 
number of warehouse 
constraint 

6 Close DHL 

Perth 

Run the Baseline, but 
without Perth. All SCR 
from DHL warehouse in 
Sydney 

Product specific 
warehouse 
requirements and 
employee 
preferences 

Customer allocation, 
product allocation, 
increase fixed cost, 
maximum distance 
constraint, maximum 
number of warehouse 
constraint 

7 Keep 

Expeditors 

warehouse 

open 

Optimize the model with 
Expeditors warehouse 
open. Expeditors 
warehouse only ships 
products it also shipped in 
the current situation 

Product specific 
warehouse 
requirements and 
employee 
preferences 

Customer allocation, 
product allocation, 
increase fixed cost, 
maximum distance 
constraint 
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Sensitivity scenarios 

Scenario 8, 9 and 10 deal with the trends found in the labor and global competition, community and 

market proximity as described in section 5.1.  For each of these factors, a scenario is created to see how 

much the corresponding cost need to change before the cost optimal solution changes to another set of 

warehouses. With these three scenarios, changes in handling and transportation cost are checked. For 

the different scenarios, the costs are increased or decreased with 10% intervals. By running several sub 

scenarios, the tipping point to a new network structure can be found. 

Scenarios 11 and 12 check the robustness of the optimal cost solution by checking the changes in total 

cost required before the solution changes. Table 14 gives a further description of each scenario. The 

parameter changes are on top of the changes already mentioned in scenario 2, cost optimal. 

 
Table 14 Sensitivity scenarios 

Scenario 

ID 

Scenario Description Factors Parameter changes 

8 Increase 

handling 

cost 

Increase handling cost due to 
labor shortage. Several 
increases will be calculated to 
see the change in solution. 
(increase Schenker handling) 

Product specific 
warehouse 
requirements and 
community and 
Labor and Global 
competition 

Schenker handling 
cost (10% intervals) 

9 Decrease 

handling 

cost 

Decrease handling cost due to 
increased motivation. Several 
decreases will be calculated 
to see the change in solution. 
(Decrease DHL handling) 

Product specific 
warehouse 
requirements and 
community and 
Labor and Global 
competition 

Decrease DHL 
Sydney handling 
cost (10% intervals) 

10 Decrease 

transporta

tion cost 

Decrease transportation cost, 
each warehouse separately. 
Get to know what change is 
needed for a new network 
design.(Decrease DHL 
transportation) 

Product specific 
warehouse 
requirements and 
Market proximity 
 

Decrease DHL 
transportation rates 
(5% intervals) 

11 Increase 

total cost 

Schenker 

Increase the inbound, 
outbound and transportation 
cost of Schenker to see the 
tipping point to DHL 

Product specific 
warehouse 
requirements and 
Market proximity 
and community and 
Labor and Global 
competition 

Increase 
transportation 
rates, inbound and 
outbound handling 
(10% intervals) 

12 Decrease 

total cost 

of DHL 

Decrease the inbound 
outbound and transportation 
cost of DHL to see the tipping 
point 

Product specific 
warehouse 
requirements and 
Market proximity 
and community and 
Labor and Global 
competition 

Decrease 
transportation 
rates, inbound and 
outbound handling 
(10% intervals) 
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Extreme scenarios 

The final set of scenarios are the extreme scenarios. Based on the results of scenario 2, two extra locations 

for warehouses are selected. The effect on the cost and service times is tested by adding them separately 

and combined to the supply chain. These scenarios are further discussed in Table 15.  

 
Table 15 Extreme scenarios 

Scenario 

ID 

Scenario Description Factors Parameter changes 

13 New 

warehouse in 

Brisbane 

Open a new warehouse 
in Brisbane which allows 
all products to decrease 
service distances 

Product specific 
warehouse 
requirements 

Customer allocation, 
product allocation, 
increase fixed cost, 
maximum distance 
constraint, Add 
warehouse 

14 New 

warehouse in 

Adelaide 

Open a new warehouse 
in Adelaide which allows 
all products to decrease 
service distances 

Product specific 
warehouse 
requirements 

Customer allocation, 
product allocation, 
increase fixed cost, 
maximum distance 
constraint, Add 
warehouse 

15 New 

warehouse in 

Adelaide and 

Brisbane 

Open a new warehouse 
in Brisbane and Adelaide 
which allows all products 
to decrease service 
distances 

Product specific 
warehouse 
requirements 

Customer allocation, 
product allocation, 
increase fixed cost, 
maximum distance 
constraint, Add 
warehouse 

 

When scenarios are being applied to the current situation model, the reliability of validating the results 

based on the original data becomes impossible. In this case, only face validity based on the knowledge of 

the supply chain managers is possible. This type of validation is deemed sufficient by Philips for these 

kinds of projects. The current situation and all the scenario results are thoroughly discussed with 

corresponding stakeholders to verify results and come to decent conclusions. 
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5.3 Current situation 
The current situation is the reference point to compare all the other scenarios. In the current situation, 

the cleaned data as discussed in chapter 3 is used to make the initial calculations. Figure 9 shows all the 

product flows as they happened in the sales data. The current situation is also used as a validation model 

by letting the stakeholders of the different product groups agree on the results that came out of the 

model. This validated reference point indicates the possible savings that are possible by comparing the 

results of the other scenarios to it. 

The colored lines correspond to the source of the warehouse. In the 

current situation, four warehouses are used. The warehouses are 

indicated with the green triangles and the customers are represented 

by the small blue circles. The replenishment flows are indicated by the 

dotted green lines. These color schemes will remain the same for the 

rest of the report.   

Figure 9 current situation map 
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The four warehouses in the supply chain have different throughput levels. In the current situation, the 

Schenker warehouse has the highest throughput, followed by the DHL Sydney warehouse. Table 16 gives 

the cubic throughput of each product for each warehouse. The DHL Sydney warehouse, named 

WHS_SRC_Sydney in the model currently handles both HS and SRC products.  

 
Table 16 Throughput per warehouse 

Warehouse product Volume 

DHL Perth SRC 53 M3 

Schenker Sydney PH 19541 M3 

DHL Sydney 
 

SRC 2107 M3 

HS 2614 M3 

Expeditors Sydney HS 1078 M3 

Total All 25393 M3 

 

In the current situation, all of the allocations are based on historical sales data. Each warehouse can only 

ship out the products that it initially shipped according to the sales data. In addition, the allocation of the 

warehouses to the RDC’s is fixed. For the current situation, these fixed allocations are necessary to 

compare the model results to the actual values. The model specifies the costs in seven cost types: in and 

outbound transportation, in and outbound handling, fixed operating cost, closing cost and factor cost. 

Table 17 gives the comparison between the cost made in the model and the cost paid in 2018. The costs 

paid in 2018 are provided by the stakeholders. These do differ for what is actually paid in 2018; this 

difference is because it is hard to come to actual cost when sales and warehouses are left out of scope. 

However, based on the validation of the stakeholders an approximation could be made for the costs. 

These costs are compared with the costs from the model and fall within a 10% error margin, which is 

accepted by Philips for modeling purposes. 

 
Table 17 Current situation comparison with actual cost 

Cost Type Cost model 
Per year 

Cost paid 
Per year 

Percentage difference 

Outbound handling cost  $        2,764,000   $          2,875,000  4% 

Outbound transportation cost  $        3,750,000   $          4,125,000  10% 

Inbound handling cost  $        1,270,000   $          1,346,000  6% 

Inbound transportation cost  $            715,000   $              772,000  8% 

Fixed operating cost  $        1,497,000   $          1,541,000  3% 

Closing cost - - - 

Factor Cost - - - 

Total  $        9,996,000   $        10,659,000  7% 
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Table 18 shows the service times of the current situation scenario, the shipments are grouped in 12-hour 

intervals. In addition the shipments are split up on a state level, for each state the amount of shipments 

made within the intervals is given. In the current situation, over 85% of the shipments is delivered within 

one day. As can be seen in Figure 9, many cross-country shipments are made which result in the long 

service hours of the remaining 15% of the shipments. These service times cannot be compared to the 

actual service times because the data available within the different product groups is not consistent 

enough. The different product groups do not keep track of their delivery time in the same way. Therefore, 

the little data that was available on this part was not usable. 

 
Table 18 Current situation service times in number of orders 

State Service Hours HS PH SRC Total 

New South Wales 0-12 3516 17300 3558 24374  
12-24 35 62 0 97 

  48-60 0 1 64 65 

Northern Territory 24-36 87 54 50 191  
36-48 1 2 13 16 

  48-60 187 357 113 657 

New Zealand 24-36 0 49 0 49 

Queensland 0-12 1570 2347 1630 5547  
12-24 553 6048 321 6922  
24-36 377 993 42 1412  
36-48 0 3 0 3 

  48-60 0 0 24 24 

South Australia 12-24 1635 2417 1042 5094 

  24-36 6 7 12 25 

Tasmania 12-24 557 877 128 1562 

Victoria 0-12 3395 9903 2169 15467  
12-24 855 1757 187 2799 

  36-48 0 0 40 40 

Western Australia 0-12 0 0 750 750  
12-24 0 0 40 40  
24-36 0 0 18 18  
36-48 73 120 0 193  
48-60 1046 4974 785 6805 

  >60 0 1 0 1 

 

With the current situation cost, throughputs and service times in place, a solid reference point is created 

to compare new scenarios. The following sections of this chapter will discuss the results of the scenarios 

based on the same characteristics given for the current situation. By comparing the results of the scenarios 

to the current situation, a final recommendation can be given. 
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5.4 Scenario results comparisons 
Chapter 2 explained the costs and the service times that are used in the model these two measures are 

used as indicators on the performance of the scenarios. In addition, the consequences on the inventory 

levels are discussed. The model cost and inventory cost should be as low as possible while retaining similar 

service time levels. These performance indicators are selected based on the preferences of Philips. They 

want a cheaper solution with acceptable levels of service time. Each scenario is compared to the current 

situation and to the cost optimal solution. The comparison to the cost optimal solution is required to make 

the trade-off between the cost optimal solution and the consequences of considering qualitative factors. 

In addition, the warehouse throughputs are discussed to see the results of the scenarios on the warehouse 

set-up. 

 

5.4.1 Model cost comparison 
The costs for each supply chain scenario are shown in Table 19. In addition, the cost as a percentage of 

the current situation and the cost optimal solution are given. When the difference is negative, the network 

is more expensive than the current situation. Most scenarios have a lower cost than the current situation, 

indicating that savings are possible. Of the original and extreme scenarios, only the extreme scenarios are 

better than the cost optimal, however, these scenarios require major revamps in the supply chain. 

 
Table 19 Cost comparison per scenario  

Scenario  Cost   Difference   % Current  % Cost optimal  

001. Current situation  $    9,995,000  $0 100% 107% 

002. Cost optimal  $    9,312,000  $683,000 93% 100% 

003. Perth SRC, rest optimal  $    9,507,000  $488,000 95% 102% 

004. Schenker all  $    9,510,000  $485,000 95% 102% 

005. DHL all  $  10,324,000  -$329,000 103% 111% 

006. Baseline no Perth  $    9,967,000  $28,000 100% 107% 

007. Cost optimal HS open  $    9,592,000  $403,000 96% 103% 

008.1 Increased Schenker Handling (1.3)  $  10,073,000  -$78,000 101% 108% 

008.2 Increased Schenker Handling (1.4)  $  10,220,000  -$225,000 102% 110% 

008.3 Increased Schenker Handling (1.5)  $  10,220,000  -$225,000 102% 110% 

09.1 Decrease DHL handling (0.7)  $    9,312,000  $683,000 93% 100% 

09.2 Decrease DHL handling (0.6)  $    9,252,000  $743,000 93% 99% 

090.3 Decrease DHL handling (0.5)  $    9,010,000  $985,000 90% 97% 

010.1 decrease DHL transportation (0.9)  $    9,312,000  $683,000 93% 100% 

010.2 decrease DHL transportation (0.85)  $    9,312,000  $683,000 93% 100% 

010.3 decrease DHL transportation (0.80)  $    9,312,000  $683,000 93% 100% 

010.4 decrease DHL transportation (0.75)  $    9,312,000  $683,000 93% 100% 

010.5 decrease DHL transportation (0.70)  $    9,140,000  $855,000 91% 98% 

011.1 Increase total cost Schenker (1.1)  $    9,948,000  $47,000 100% 107% 

011.2 Increase total cost Schenker (1.2)  $  10,220,000  -$225,000 102% 110% 

012.1 Decrease total cost DHL (0.9)  $    9,312,000  $683,000 93% 100% 

012.2 Decrease total cost DHL (0.8)  $    8,785,000  $1,210,000 88% 94% 
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013. Adding Brisbane  $    8,991,000  $1,004,000 90% 97% 

014. Adding Adelaide  $    9,008,000  $987,000 90% 97% 

015. Adding 2 warehouses  $    8,803,000  $1,192,000 88% 95% 

 

Qualitative scenarios costs 

Scenario 3 until 7 are the qualitative scenarios that consider employee preferences. All of these scenarios 

perform worse on the cost aspect compared to the cost optimal solution. However, still savings up to 5% 

are possible compared to the current cost. Scenario 8 and 9 are a combination of qualitative and 

quantitative factors, these scenarios indicate that radical changes are required in handling cost before the 

network structure changes. 

 

Quantitative scenarios costs 

While looking at the cost optimal scenarios, savings up to 7% are possible compared to the current 

situation. The extreme scenarios have the possibility to save up to 12% on total supply chain costs. The 

largest savings in the original scenarios are achieved with scenario 2, where all products can be served 

from all warehouses. The main savings are achieved by lower transportation costs and reduction in fixed 

costs by using fewer warehouses. Scenario 8 until 12 indicates that quite large changes in cost are required 

before the optimal solution changes. The scenario that saves the most money is scenario 15, where two 

warehouses are added. However, it has to be noted that these savings do not take into account the 

increase in inventory levels because the inventory has to be split over multiple warehouses. Appendix 10 

gives the cost per cost aspect for each scenario.  

 

5.4.2 Service time comparison 
Table 20 gives the service times for all the scenarios. For each scenario, the number of deliveries in 1, 2 or 

3 days is given and the percentage of the total deliveries. For Philips, the delivery times are an important 

performance indicator. It is therefore important to see the improvements possible while running the 

scenarios.  
Table 20 Service time comparison in number of orders 

Scenario 1 day 2 days 3 days 1 day 2 days 3 days 

001. Current situation 62652 1947 7552 87% 3% 10% 

002. Cost optimal 69709 2438 4 97% 3% 0% 

003. Perth SRC, rest optimal 63481 1882 6694 88% 3% 9% 

004. Schenker all 62000 1876 8275 86% 3% 11% 

005. DHL all 62002 1919 8230 86% 3% 11% 

006. Baseline no Perth 61977 1901 8179 86% 3% 11% 

007. Cost optimal HS open 69649 2435 67 97% 3% 0% 

008.1 Increased Schenker Handling (1.3) 69709 2438 4 97% 3% 0% 

008.2 Increased Schenker Handling (1.4) 69711 2436 4 97% 3% 0% 

008.3 Increased Schenker Handling (1.5) 69711 2436 4 97% 3% 0% 

09.1 Decrease DHL handling (0.7) 69709 2438 4 97% 3% 0% 

09.2 Decrease DHL handling (0.6) 69711 2436 4 97% 3% 0% 

090.3 Decrease DHL handling (0.5) 69711 2436 4 97% 3% 0% 
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010.1 decrease DHL transportation (0.9) 69709 2438 4 97% 3% 0% 

010.2 decrease DHL transportation (0.85) 69709 2438 4 97% 3% 0% 

010.3 decrease DHL transportation (0.80) 69709 2438 4 97% 3% 0% 

010.4 decrease DHL transportation (0.75) 69709 2438 4 97% 3% 0% 

010.5 decrease DHL transportation (0.70) 69711 2436 4 97% 3% 0% 

011.1 Increase total cost Schenker (1.1) 69709 2438 4 97% 3% 0% 

011.2 Increase total cost Schenker (1.2) 69711 2436 4 97% 3% 0% 

012.1 Decrease total cost DHL (0.9) 69709 2438 4 97% 3% 0% 

012.2 Decrease total cost DHL (0.8) 69711 2436 4 97% 3% 0% 

013. Adding Brisbane 71064 1083 4 98% 2% 0% 

014. Adding Adelaide 69915 2232 4 97% 3% 0% 

015. Adding 2 warehouses 71270 877 4 99% 1% 0% 

 

Qualitative scenarios service times 

Only scenario 7 of the qualitative scenarios performs equally in service times as the cost optimal solution. 

The other scenarios perform worse because fewer warehouses are used or that the allocation of products 

to the warehouses is not as free as the cost optimal solution. Scenario 7 has an increase of 10% in 1 day 

deliveries compared to the current situation, the other qualitative scenarios perform equally or worse 

compared to the current situation. 

 

Quantitative scenarios service times 

The biggest improvement in service times in the original scenarios is achieved by letting the model decide 

on all product and customer allocations as done in scenario 2. While doing this the number of orders 

delivered in one-day increases by 10%. The biggest improvement is possible with the extreme scenario 

15, which increases the amount delivered in one day to almost 100%. In Appendix 10, a more in-depth 

table can be found which specifies the delivery times per state in 12-hour intervals. 

 

5.4.3 Warehouse throughput comparison 
Table 21 shows the cubic flow of the warehouses. It is clear to see that the warehouse in Perth has a small 

impact on the total supply chain with a maximum throughput of less than 10% in most scenarios. The HS 

warehouse is only utilized in the current situation or scenarios that use current situation allocations of 

customers such as scenarios 6 and 7. This is because the cost of using this warehouse are relatively high 

compared to the other warehouses in the supply chain. In addition, the HS warehouse had no active 

transport lane to New Zealand; this also made the model choose other warehouses. Appendix 10 shows 

the throughput per product group per warehouse for a more detailed overview. 
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Table 21 Warehouse flow per scenario in M3 

Scenario 
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001. Current situation 1078 19541 53 4720 0 0 

002. Cost optimal 0 23073 2320 0 0 0 

003. Perth SRC, rest optimal 0 25188 205 0 0 0 

004. Schenker all 0 25393 0 0 0 0 

005. DHL all 0 0 0 25393 0 0 

006. Baseline no Perth 1078 19541 0 4774 0 0 

007. Cost optimal HS open 1078 22065 2250 0 0 0 

008.1 Increased Schenker Handling (1.3) 0 23058 2335 0 0 0 

008.2 Increased Schenker Handling (1.4) 0 0 2335 23058 0 0 

008.3 Increased Schenker Handling (1.5) 0 0 2335 23058 0 0 

09.1 Decrease DHL handling (0.7) 0 23073 2320 0 0 0 

09.2 Decrease DHL handling (0.6) 0 0 2335 23058 0 0 

090.3 Decrease DHL handling (0.5) 0 0 2335 23058 0 0 

010.1 decrease DHL transportation (0.9) 0 23073 2320 0 0 0 

010.2 decrease DHL transportation (0.85) 0 23073 2320 0 0 0 

010.3 decrease DHL transportation (0.80) 0 23073 2320 0 0 0 

010.4 decrease DHL transportation (0.75) 0 23073 2320 0 0 0 

010.5 decrease DHL transportation (0.70) 0 0 2335 23058 0 0 

011.1 Increase total cost Schenker (1.1) 0 23058 2335 0 0 0 

011.2 Increase total cost Schenker (1.2) 0 0 2335 23058 0 0 

012.1 Decrease total cost DHL (0.9) 0 23073 2320 0 0 0 

012.2 Decrease total cost DHL (0.8) 0 0 2335 23058 0 0 

013. Adding Brisbane 0 18202 2335 0 0 4856 

014. Adding Adelaide 0 17487 2301 0 5604 0 

015. Adding 2 warehouses 0 12632 2301 0 5604 4856 

 

5.4.4 Inventory consequences 
Some of the scenarios require that the inventory of the product groups is split up over several warehouses 

instead of a single warehouse as in the current situation. Some other scenarios consolidate the inventory 

in fewer warehouses. The effect of these changes on the inventory is checked by calculating safety stock 

levels for the different scenarios as explained in section 5.1. This results in the extra cost for inventory 

shown in Table 22. The costs increase for scenario 8 until 12 are the same as scenario 2 and are therefore 

not specifically mentioned. These costs are the same because those scenarios use the same supply chain 

structures. 
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Table 22 Inventory consequences 

Scenario Inventory value % of current Extra carrying cost 

001. Current situation  $                                   9,000,000  100%  $                              -    

002. cost optimal  $                                   9,392,000  104%  $                    78,400  

003. Perth SRC, rest optimal  $                                   9,270,000  103%  $                    54,000  

004. Schenker all  $                                   8,263,000  92%  $                -147,400 

005. DHL all  $                                   8,263,000 92%  $                -147,400 

006. Baseline no Perth  $                                   8,961,000  100%  $                    -7,800 

007. Cost optimal HS open  $                                   9,967,000  111%  $                  193,400  

013. Adding Brisbane  $                                 10,420,000  116%  $                  284,000  

014. Adding Adelaide  $                                 10,036,000  112%  $                  207,200  

015. Adding 2 warehouses  $                                 10,873,000  121%  $                  374,600  

 

Qualitative scenarios inventory consequences 

Scenarios 3 and 7 lead to higher inventory levels because the selected warehouses have to handle several 

product groups instead of a single product group. In the scenarios 4, 5 and 6, the amount of warehouses 

is reduced and the inventory of SRC and HS are merged into single warehouses. This results in lower safety 

stocks and therefore lower inventory cost. 

 

Quantitative scenario inventory consequences 

Most scenarios lead to an increase in inventory carrying cost, which has to be considered when selecting 

the best solution for Philips to implement. The highest inventory costs increase occurs with scenarios 13, 

14 and 15. In these scenarios, new warehouses are added that handle all product types. This results in an 

extra inventory value of up to 21%. Appendix 10 shows the safety stock changes per product group for a 

more detailed overview. 
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5.4.5 Factor influences 
For the current model, product specific warehouse requirements, labor and global competition, and 

market proximity are considered the relevant quantitative factors. Community and Employee preferences 

are the two qualitative factors that can influence the Australian case. The quantitative factors and the 

community factor are tested by using sensitivity scenarios based on the current trends going on in 

Australia as described in section 5.1. For each factor, this resulted in a percentage of change in the 

corresponding cost needed for the optimal solution to change to a different supply chain structure. All the 

sensitivity scenarios are based on scenario 002. Cost optimal to find the tipping point to another network 

structure. 

 

Quantitative factors 

Labor and global competition mainly affects the handling cost in the warehouses. Therefore, the effects 

of increasing or decreasing the costs of a single warehouse is checked. According to scenario 8, Schenker 

Sydney’s handling cost could increase up to 40% before the total costs are more expensive than using DHL 

Sydney. Scenario 9 shows the opposite for DHL Sydney, they need to decrease their handling cost by up 

to 40% before they become the preferred supplier. The importance of market proximity is checked with 

scenario 10 by decreasing the transportation cost of DHL to find the changing point. This scenario shows 

that a decrease of 30% in transportation is required for DHL to become a cheaper solution.  

 

Qualitative factors 

According to the factors described in section 5.1, the community also influences the handling cost. 

Scenario 8 and 9 checked the effect of handling cost on the solution. Therefore, the same conclusion can 

be given for the community factor as for the labor and global competition factor. Scenario 3, 4, 5, 6 and 7 

check the employee preferences. Scenario 4 and 5 check the effect of using a single warehouse for all 

products to achieve a simpler supply chain. Purely based on the cost in the model, using Schenker Sydney 

only, is cheaper than the current situation. DHL Sydney only is even more expensive than the current 

situation. Both solutions are more expensive than the cost optimal solution. However, when the effects 

of inventory are considered, using Schenker Sydney only becomes a cheaper solution than the cost 

optimal variant. More details about this are given in section 5.4.6. 

Scenario 6 checks the effect of closing Perth with the same allocations as the current situation model, 

compared to the current situation, this solution is slightly cheaper but still 7% more expensive the cost 

optimal solution. Finally, scenario 7 checks the effect of keeping open the HS specific warehouse in 

Sydney. By optimizing the other flows this scenario is cheaper than the current situation, but still 3% more 

expensive than the optimal solution. Overall, the employee preferences lead to solutions that are more 

expensive and only scenario 7 has similar service times as the cost optimal solution. 

 

Combination 

Scenario 11 and 12 take all labor and competition, market proximity and community together to check 

the robustness of the solution. According to these scenarios, Schenker Sydney can increase by almost 20% 

in handling and transportation costs before they are no longer the cheaper solution. DHL Sydney requires 

a decrease of 20% in these costs to become preferred compared to Schenker Sydney. 
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5.4.6 Total savings 
This final section of this chapter discusses the final savings made for the original and the extreme scenarios 

if also the extra inventory costs are considered. The sensitivity scenarios are not considered here because 

they require very large changes in cost before they can become reality. Table 23 shows the final savings 

after the extra inventory costs are considered. The extra value indicates the extra money invested in 

inventory compared to the current situation. Negative numbers in this column indicate lower inventory 

values than the current situation. If the final savings are negative, the scenario is more expensive than the 

current situation. In this case the qualitative Schenker all scenario surpasses the cost optimal solution in 

savings. Overall, the Schenker all scenario becomes the most optimal for the original scenarios based on 

cost. Only the extreme scenarios have higher savings, but the drawbacks of extra supply chain complexity 

make these solutions less desirable.  

 
Table 23 Final savings per scenario 

Scenario Model cost Savings Extra carrying cost Final savings 

001. Current situation $9,995,000 $0 $0 $0 

002. cost optimal $9,312,000 $683,000 $78,400 $604,600 

003. Perth SRC, rest optimal $9,507,000 $488,000 $54,000 $434,000 

004. Schenker all $9,510,000 $485,000 -$147,400 $632,400 

005. DHL all $10,324,000 -$329,000 -$147,400 -$181,600 

006. Baseline no Perth $9,967,000 $28,000 -$7,800 $35,800 

007. Cost optimal HS open $9,592,000 $403,000 $193,400 $209,600 

013. Adding Brisbane $8,991,000 $1,004,000 $284,000 $720,000 

014. Adding Adelaide $9,008,000 $987,000 $207,200 $779,800 

015. Adding 2 warehouses $8,803,000 $1,192,000 $374,600 $817,400 
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6. Conclusion and recommendation 
The final chapter presents the conclusion and the recommendation for the research conducted in this 

project. In section 1 the research questions are answered, which is followed by the implications and 

recommendations for Philips. Section 3 goes into more detail on the scientific implications of this research. 

The final two sections discuss the limitations and the directions for future research. 

 

6.1 Answering research questions 
Philips is working on optimizing its warehouse footprint. In this initiative, Philips tries to improve customer 

experience, decrease cost and optimize warehouse infrastructure. The supply chain of Philips Australia is 

not yet optimized and consists of several warehouses across the country. With the changes in which 

markets Philips is active in, acquisition are done and locations sold. This resulted in a supply chain that is 

possibly open for improvements. While redesigning the supply chain it is important to consider costs, 

service times, inventory levels and additional influencing factors to come to the best solution. Based on 

those measures the following research question is put up:  

 

What are the optimal warehouse locations for Philips Health Australia based on quantitative and 

qualitative factors? 

 

To answer the main question, four sub questions need to be answered first.  

 

Which factors can influence the optimal warehousing strategy for Philips Health Australia? 

The literature mentioned several extensive lists of factors that can influence the selection of warehouses 

for the improved warehousing strategy. For this research, the factors are split up between quantitative 

and qualitative factors. The important quantitative factors to consider are labor and global competition, 

market proximity and product specific warehouse requirements and inventory. These factors are 

considered in addition to the aspect usually considered in a FLP such as transportation and warehousing 

cost. Besides, the quantitative factors, also the community and employee preferences are considered. 

These two factors are seen as qualitative factors.  

 

What is the optimal warehousing strategy for Philips Health Australia based on the model costs? 

First, a current situation is created which represents the actual cost made based on the sales data of 2018 

provided. This current situation is used as a reference to compare the other scenarios. The optimal cost 

solution is calculated by letting the model decide all the product and customer allocation to the 

warehouses. In this case, all the warehouses can deliver all the products to all customers. In addition, the 

option to close unwanted warehouses is given. This resulted in a solution with two warehouses, one in 

Perth and the other in Sydney. For this solution the warehouse of Schenker in Sydney was picked, for 

Perth, the DHL warehouse is used. The current situation has a total yearly cost of $9,995,000 while the 

cost optimal solution gave a result of $9,312,000, which indicates savings up to 7% based on the cost 

provided by the model. 

 

 

 

 



54 
 

What are the influences of the quantitative and qualitative factors on the cost optimal warehousing 

strategy of Philips Health Australia? 

 

Quantitative factors 

First, the quantitative factors labor and global competition, market proximity, and product specific 

warehouse requirements are discussed. The effect of labor and global competition is checked by 

increasing or decreasing warehouse handling cost, changes up to 40% are required before this factor 

drastically changes the supply chain structure. This same type of analysis is done for market proximity by 

changing transportation rates, here a change of up to 30% was found before a change in warehouse setup 

was seen. The product specific warehouse requirements are used in the model to increase the fixed cost 

when the throughput of warehouses are increased. For all scenarios, this factor influenced the relevant 

warehouses in the same way, so no real differences in the scenarios were found.   

 

Qualitative factors 

The qualitative factors, consisting of community and employee preferences are also tested with scenarios. 

The community factor influences the same cost aspects as mentioned at the quantitative factors, which 

would indicate the same increases or decreases in cost are required before this factor really influences 

the final solution.  The employee preferences lead to four network structures that are different from the 

cost optimal solution. Table 24 shows the cost of the four scenarios with the difference compared to the 

optimal solution. All scenarios based on employee preferences perform worse than the cost optimal 

scenario based on the model cost.  Scenario 5 performs the worst of the five scenarios, being 11% more 

expensive than the cost optimal solution, and even more expensive than the current situation. Scenario 3 

and 4 come the closest to the optimal solution with only a 2% difference in costs. These two scenarios are 

quite similar to the cost optimal solution because the warehouse in Perth ships a very small amount of 

products per year. All scenarios except scenario 7 perform worse in 1 day delivery then the cost optimal 

solution. Therefore, scenario 3, 5, 6 and 7 are deemed impractical compared to the cost optimal solution. 

Scenario 4, achieves good savings with a minor loss on 1 day delivery percentage, together with the 

simpler supply chain structure. Overall, scenario 4 is a valid option to consider in the final decision-making. 

 
Table 24 Cost comparison employee preferences 

Scenario Cost Difference % of optimal 

003. Perth SRC, rest optimal $           9,507,000 $195,000 102% 

004. Schenker all  $          9,510,000  $198,000 102% 

005. DHL all  $        10,324,000  $1,012,000 111% 

006. Baseline no Perth  $          9,967,000  $655,000 107% 

007. Cost optimal HS open  $          9,592,000  $280,000 103% 

 

What is the new warehousing strategy that Philips Health Australia should implement based on the 

trade-off between costs and the effects of the quantitative and qualitative factors? 

The cost optimal solution resulted in savings of $604,600 when extra inventory cost are taken into 

account, which is less than the savings of $632,400 that can be achieved with the scenario of using a single 

warehouse for all products. The only drawback of the single warehouse scenario is the 86% deliveries in 

1 day compared to the 97% of the cost optimal solution. The service time is quite important for Philips, 
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especially in current times where most companies expect same day or next day delivery. Therefore, the 

optimal solution for Philips is a warehouse in Sydney and in Perth that both handle all product groups. 

The sensitivity scenarios also indicated that this solution is robust and major price changes are required 

before the optimal solution changes.  

 

After looking at all the different scenarios and impacts of the influencing factors, the answer on the main 

question can be given. The optimal warehouse locations for Philips Australia are in Sydney and in Perth. 

Currently based on the rates of Schenker Sydney and DHL Perth. This solution decreases costs by 6% while 

increasing 1 day deliveries by almost 13% 

 

6.2 Implications and recommendation for Philips 
This project provided several insight in the supply chain structure of Philips Australia and the influences 

of changing the structure. The software tool Supply Chain Guru provided a good basis for the current 

situation and good comparability between different supply chain structures with the use of scenario 

analyses. 

 

The main recommendation for Philips Australia is to change the current supply chain structure of Philips 

Australia into the network described in scenario 2. Use two warehouses that can accommodate the sales 

of all product groups. This would result in the closing of two warehouses and moving stock to the 

remaining warehouses: Schenker Sydney and Perth DHL. 

 

The second recommendation is to develop a go to market strategy in which the current but also new 

logistic providers are asked for new tariffs for warehousing based on the increased volumes per 

warehouse. With the use of only two warehouses, the throughput per warehouse is increased which might 

lead to lower overall prices. 

 

The third and final recommendation is to continue to use the software tool to model and improve other 

regions as well. Supply Chain Guru is a very powerful tool to analyze and optimize supply chains. The 

provided guidebook helps the employees to create new models so that future projects can be created in 

only part of the time that was required for this assignment. Besides using Supply Chain Guru for 

warehouse location problems, other aspects of the tool might also be useful for project to come. 

 

6.3 Implication of scientific research 
This research can be mainly seen as a design project that tried to link the theory in facility location 

problems to a real life case. The literature on facility location models is combined with the literature on 

influencing factors on warehouse location decisions to come to a set of scenarios. These scenarios gave 

several insights in the effects of the influencing factors and provided the researcher with a solid basis to 

make a decision. Overall, this master thesis contributes to the literature by better understanding the 

influencing quantitative and qualitative factors and of using these factors in the facility location models 

on a real life case. The better understanding of these factors might make future decision making in similar 

project more straightforward.  
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6.4 Limitations 
The main limitations of this research can be found in the modeling part. Some simplification of the data 

needed to be made to make sure that the mathematical model could use the data and give results. For 

example, the handling and transportation rates are converted in linear rates. These calculations give a 

good approximation of the cost made in the model, but will never be the exact same as the actual tariffs 

charged by the logistic providers. 

 

The second limitation is found in the inventory aspect, the effect of the extra inventory for splitting up 

between more warehouses is based on rough safety stock calculations. These calculations give an 

indication of the effects of extra inventory, but more detailed inventory simulations or calculations can 

provide more information on actual changes. 

 

6.5 Directions for future research 
The first direction is the consideration of the spare parts department into the model. Further research can 

be done on what adaptations to the supply chain are needed to include spare parts in the model. Including 

the spare parts section makes the modeling more complex. However, it might give interesting results on 

more possibilities for consolidation warehouses. 

 

The second item is further research of the effect on inventory levels on the different supply chain 

networks suggested by the scenarios. More in depth analysis could be conducted in terms of simulation 

to consider inventory levels in more detail. This would provide extra insight in the optimality of the chosen 

solution. 

 

The third direction for future research is to reuse the model for other geographical regions as well. With 

the use of the guidebook, the model is easily reusable to optimize other supply chain networks. Using the 

software tool, the employees of Philips can quickly model and analyses current supply chains to find 

possible improvements. 

 

The fourth direction for future research is on improving the data gathering process. Currently, the data 

has to come from many different sources, stakeholders and even external parties. Philips should look into 

unifying the data storage for all product groups in a single database. By doing so, the information required 

for a future project is easier to find and les inconsistent because the information is stored in the same 

way.  
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List of variables 
𝐽  Set of warehouse location indexed by 𝑗 

𝐾  Set of RDCs indexed by 𝑘 

𝐼  Set of customers indexed by 𝑖 

T Set periods indexed by 𝑡 

𝑢𝑗
1 Binary variable indicating if warehouse 𝑗 is open in period 𝑡 

𝑣𝑘
1 Binary variable indicating if RDC 𝑘 is open in period 𝑡 

𝑦𝑗𝑖𝑙
𝑡  Binary variable indicating if warehouse 𝑗 delivers product 𝑙 to customer 𝑖 in period 𝑡 

𝑧𝑘𝑗𝑙
𝑡   Binary variable indicating if RDC 𝑘 delivers product 𝑙 to warehouse 𝑗 in period 𝑡 

𝑑𝑙𝑖
𝑡  Demand of customer 𝑖 for product 𝑙 in period 𝑡 

𝑑𝑗𝑙
𝑡   Demand of warehouse 𝑗 for product 𝑙 in period 𝑡  

𝐶𝑂𝑇𝑗𝑖𝑙
𝑡  Cost of transport from warehouse 𝑗 to customer 𝑖 of product 𝑙 in period 𝑡 

𝐶𝐼𝑇𝑘𝑗𝑙
𝑡  Cost of transport from RDC 𝑘 to warehouse 𝑗 of product 𝑙 in period 𝑡 

𝐶𝑂𝑗𝑙
𝑡   Outbound cost of 1 product 𝑙 from warehouse 𝑗 in period 𝑡 

𝐶𝐼𝑗𝑙
𝑡   Inbound cost of 1 product 𝑙 at warehouse 𝑗 in period 𝑡 

𝐶𝑊𝑗 Warehousing cost for warehouse 𝑗 per period 

𝐶𝐶𝑊𝑗  Closing cost for warehouse 𝑗  

𝐶𝑅𝑘 Warehousing cost for RDC 𝑘 per period  

𝐶𝐶𝑅𝑘 Closing cost for RDC 𝑘 

𝐶𝐹𝑗𝑖
𝑡  Cost of factor 𝑓 on warehouse 𝑗 in period 𝑡 

𝑊𝑗 Capacity of warehouse 𝑗 

𝑊𝑘 Capacity of RDC 𝑘 

 

𝐷𝑗𝑖 Distance between warehouse 𝑗 and customer 𝑖 

𝑡𝑗𝑖 Transport time between warehouse 𝑗 and customer 𝑖 

𝐿 Average speed of transport mode 

 

𝐶𝑡 Total cost of transportation between RDCs, warehouses and customers 

𝐶ℎ Total handling cost are warehouses, including inbound and outbound cost 

𝐶𝑤 Total warehousing cost, including warehouse cost, closing cost and factor cost. 
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𝑀𝑖𝑛 𝐶 = 𝐶𝑡 + 𝐶𝐻 + 𝐶𝑊  

 

Where: 

 𝐶𝑡 = 𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛
𝑜𝑢𝑡𝑏𝑜𝑢𝑛𝑑 + 𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛

𝑖𝑛𝑏𝑜𝑢𝑛𝑑  

 

𝐶ℎ = 𝐶ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔
𝑜𝑢𝑡𝑏𝑜𝑢𝑛𝑑 + 𝐶ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔

𝑖𝑛𝑏𝑜𝑢𝑛𝑑   

 

𝐶𝑤 = 𝐶𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 + 𝐶𝑅𝐷𝐶 + 𝐶𝑓𝑎𝑐𝑡𝑜𝑟𝑠  

 

Outbound transportation 

𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛
𝑜𝑢𝑡𝑏𝑜𝑢𝑛𝑑 =  ∑ ∑ ∑ ∑ (𝑦𝑗𝑖𝑙

𝑡 ∗ 𝑑𝑖𝑙
𝑡 ∗ 𝐶𝑂𝑇𝑗𝑖𝑙

𝑡 )𝑇
𝑡=1

𝐿
𝑙=1

𝐼
𝑖=1

𝐽
𝑗=1   

𝑑𝑖𝑙
𝑡 = 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑖 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡  

𝐶𝑂𝑇𝑗𝑖𝑙
𝑡 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑓𝑟𝑜𝑚 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑡𝑜 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑖 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡  

𝑦𝑗𝑖𝑙
𝑡 = {

1 𝑖𝑓 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑡𝑜 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑖 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡 
 0  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                   

  

𝑦𝑗𝑖𝑙
𝑡 ∈ {0,1}  

∑ 𝑦𝑗𝑖𝑙
𝑡𝐽

𝑗=1 = 1 ∀𝑖, ∀𝑙, ∀𝑡   

 

Inbound transportation 

𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛
𝑖𝑛𝑏𝑜𝑢𝑛𝑑 =  ∑ ∑ ∑ ∑ (𝑧𝑘𝑗𝑙

𝑡 ∗ 𝑑𝑗𝑙
𝑡 ∗ 𝐶𝐼𝑇𝑘𝑗𝑙

𝑡𝑇
𝑡=1

𝐿
𝑙=1

𝐽
𝑗=1

𝐾
𝑘=1 )  

𝑑𝑗𝑙
𝑡 = 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡  

𝐶𝐼𝑇𝑘𝑗𝑙
𝑡 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑓𝑟𝑜𝑚 𝑅𝐷𝐶 𝑘 𝑡𝑜 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡  

𝑧𝑘𝑗𝑙
𝑡 = {

1 𝑖𝑓 𝑅𝐷𝐶 𝑘 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑙 𝑡𝑜 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡 
  0  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                          

  

𝑧𝑘𝑗𝑙
𝑡 ∈ {0,1}  

∑ 𝑧𝑘𝑗𝑙
𝑡𝐾

𝑘=1 = 1 ∀𝑗, ∀𝑙, ∀𝑡  
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Outbound handling 

𝐶ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔
𝑜𝑢𝑡𝑏𝑜𝑢𝑛𝑑 = ∑ ∑ ∑ ∑ (𝑦𝑗𝑖𝑙

𝑡 ∗ 𝑑𝑖𝑙
𝑡 ∗ 𝐶𝑂𝑗𝑙

𝑡 )𝑇
𝑡=1

𝐿
𝑙=1

𝐼
𝑖=1

𝐽
𝑗=1   

𝐶𝑂𝑗𝑙
𝑡 = 𝑜𝑢𝑡𝑏𝑜𝑢𝑛𝑑 𝑐𝑜𝑠𝑡 𝑜𝑓 1 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 l 𝑓𝑟𝑜𝑚 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡   

 

Inbound handling 

𝐶ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔
𝑖𝑛𝑏𝑜𝑢𝑛𝑑 = ∑ ∑ ∑ ∑ (𝑧𝑘𝑗𝑙

𝑡 ∗ 𝑑𝑗𝑙
𝑡 ∗ 𝐶𝐼𝑗𝑙

𝑡 )𝑇
𝑡=1

𝐿
𝑙=1

𝐽
𝑗=1

𝐾
𝑘=1   

𝐶𝐼𝑗𝑙 = 𝑖𝑛𝑏𝑜𝑢𝑛𝑑 𝑐𝑜𝑠𝑡 𝑜𝑓 1 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 l 𝑎𝑡 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡   

 

Warehousing cost 

𝐶𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 = ∑ (𝑇 ∗ 𝑢𝑗
1 ∗ CWj + (1 − 𝑢𝑗

1) ∗ 𝐶𝐶𝑊𝑗) 
𝐽
𝑗=1   

𝐶𝑊𝑗 = 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑝𝑒𝑟 𝑝𝑒𝑟𝑖𝑜𝑑  

𝑢𝑗
1 = {

1 𝑖𝑓 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑠 𝑘𝑒𝑝𝑡 𝑜𝑝𝑒𝑛 𝑓𝑟𝑜𝑚 𝑝𝑒𝑟𝑖𝑜𝑑 1  
 0 𝑖𝑓 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑠 𝑐𝑙𝑜𝑠𝑒𝑑 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 1                

  

𝑢𝑗
𝑜 = 1  

𝐶𝐶𝑊𝑗 =  𝑐𝑙𝑜𝑠𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 1  

 

RDC cost 

𝐶𝑅𝐷𝐶 = ∑ (𝑇 ∗ 𝑣𝑘
1 ∗ CRk + (1 − 𝑣𝑘

1) ∗ 𝐶𝐶𝑅𝑘) 𝐾
𝑘=1   

 

𝐶𝑅𝑘 = 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑅𝐷𝐶 𝑘 𝑝𝑒𝑟 𝑝𝑒𝑟𝑖𝑜𝑑  

𝑣𝑘
1 = {

1 𝑖𝑓𝑅𝐷𝐶 𝑘 𝑖𝑠 𝑘𝑒𝑝𝑡 𝑜𝑝𝑒𝑛 𝑓𝑟𝑜𝑚 𝑝𝑒𝑟𝑖𝑜𝑑 1  
 0 𝑖𝑓 𝑅𝐷𝐶 𝑘 𝑖𝑠 𝑐𝑙𝑜𝑠𝑒𝑑 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 1               

  

𝑣𝑘
0 = 1  

𝐶𝐶𝑅𝑘 =  𝑐𝑙𝑜𝑠𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑅𝐷𝐶 𝑘 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 1  

 

Factor cost 

𝐶𝑓𝑎𝑐𝑡𝑜𝑟𝑠 = ∑ ∑ ∑ (CFfj
t ∗ 𝑢𝑗

1)𝑇
𝑡=1  𝐽

𝑗=1
𝐹
𝑓=1   

𝐶𝐹𝑓𝑗
𝑡 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓 𝑜𝑛 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑗 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡  
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Subject to 

∑ 𝑦𝑗𝑖𝑙
𝑡𝐽

𝑗=1 = 1     ∀𝑖, ∀𝑙, ∀𝑡           

 

∑ 𝑧𝑘𝑗𝑙
𝑡𝐽

𝑘=1 = 1     ∀𝑗, ∀𝑙, ∀𝑡          

  

∑ ∑ 𝑑𝑖𝑙
𝑡 𝑦𝑗𝑖𝑙

𝑡 ≤ 𝑊𝑗𝑢𝑗
1     ∀𝑗, ∀𝑡𝐿

𝑙=1
𝐼
𝑖=1           

 

∑ 𝑑𝑗𝑙
𝑡 𝑧𝑘𝑗𝑙

𝑡𝐾
𝑘=1 ≥ ∑ 𝑑𝑖𝑙

𝑡 𝑦𝑗𝑖𝑙
𝑡𝐼

𝑖=1      ∀𝑗, ∀𝑙, ∀𝑡         

 

∑ ∑ 𝑑𝑗𝑙
𝑡 𝑧𝑘𝑗𝑙

𝑡 ≤ 𝑊𝑘𝑣𝑘
1     ∀𝑘𝐿

𝑙=1
𝐼
𝑗=1 , ∀𝑡          

 

𝑌𝑗𝑖𝑙
𝑡 ∗ 𝑡𝑗,𝑖  ≤ 𝑡𝑖 𝑚𝑎𝑥            

         

 

𝑢𝑗
1, 𝑣𝑘

1, ∈ {0,1}     ∀𝑗, ∀𝑘            

𝑦𝑗𝑖𝑙
𝑡 , 𝑧𝑘𝑗𝑙 

𝑡 ∈ {0,1}    ∀𝑗, ∀𝑖, ∀𝑙, ∀𝑘, ∀𝑡            

𝑑𝑖𝑙
𝑡 , 𝐷𝑗𝑖, 𝐿, 𝑆𝑖 𝑚𝑎𝑥, 𝑊𝑗 , 𝑊𝑘  ≥ 0       ∀𝑗, ∀𝑖, ∀𝑘, ∀𝑙, ∀𝑥             

 

 

 

 

  



65 
 

List of abbreviations 
HS  Health Systems 

LMP  Last mile provider 

LP  Linear programming 

MILP  Mixed integer linear programming 

NT  Northern Territory 

PH  Personal Health 

RDC  Regional distribution center 

SA  Southern Australia 

SCG  Supply Chain Guru 

SPS  Spare parts 

SRC  Sleep and respiratory care 

WA  Western Australia 
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Appendix 1 
Geographical scope 

  

Figure 10 Geographical Scope 
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Appendix 2 
Sub factors  
Table 25 Influencing factors 1 

 

Table 26 Influencing factors 2 

 

Table 27 Influencing factors 3 

 

Transportation Labor Raw materials Market Climate

avai. airway avai. skilled labor avai. raw material proximity to consumer living conditions

avai. highway wage rates closeness to material proximity to producer relative humidity

avai. railroad avai. unskilled labor avai. Storage facilities anticipation of market growth average temperature

avai. trucking service labor unions supplier location shipping cost to market air pollution

avai. water transport education levels freight costs avai. marketing service

cost of raw material transport labor dependability income trends

cost of finished good transport male / female labor consumer characteristics

avai. postal service cost of living competitor location

worker stability expansion opportunities

Industrial site Utilities Government Tax structure Economic

cost of land water supply zoning codes tax assessment standard of living

cost of develop industrial park quality of water compensation laws industrial property tax size of capital income

space required cost of water insurance laws state corporate tax strength currency against us dollar

avai. of expansion space dispose facilities safety laws avai. tax free options balance of payment status

insurance rates cost of fuels environment laws avai. government aid

avai. lending institutions avai. electric 

closeness to industry cost of electric

Community Political Global competition Government regulations

avai. universities regime stability avai. material clarity of investment laws

avai. schools protection of expropriation avai. labor regulation on joint ventures

avai. religious facilities type of treaties and pacts market opportunities regulations on transfer of earnings

avai. medical avai. foreign capital taxation on foreign companies

avai. shopping foreign ownership laws
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Appendix 3 
Research model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11 Research model by (Mitroff et al., 1974) 
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Appendix 4  
Software tool selection 

The MILP model needed to solve the problem in the case of Philips is a multi-facility multi-echelon, multi-

item capacitated mixed integer linear program. Solving MILP models can be done in various ways; smaller 

problems could be solved by using Excel. However, Excel is quite limited in the number of variables and 

data that can be used. Other options are more general programming languages like Java, this type of 

programming is capable of solving bigger models, but has the major drawback that a decent skill in 

programming is required. The current employees of Philips mainly work with simpler programs such as 

Excel, and because the model needs to be reusable, a complex programming language is not desired. A 

third option is the use of a dedicated software package for solving supply chain-related problems. Multiple 

different packages are available which can be used to solve supply chain problems such as the facility 

location problem. These packages have the capacity to solve facility location problems based on 

algorithms. The packages translate the business inputs into objectives, constraints and variables and use 

a suitable algorithm to come to an optimal or near optimal solution. Five different options are explained 

in the following sections. 

 

Supply Chain Guru 
Supply Chain Guru is a visually strong supply chain optimization tool that can solve different types of 

supply chain problems with the use of FICO Express solver. It can accept data input which it can translate 

into objectives, constraints and variables, this way a model is build up which can be solved by the program. 

The integrated scenario planner makes it easy see influences of important factors on for example service 

times or costs (LLamasoft, 2019). 

 

AIMMS 

AIMMS network design navigator is a supply chain network design application build to meet strategic 

goals. It combines powerful modeling capabilities with usability that supports in every step of the way. It 

is capable of modeling the network, running scenarios on it and gives access to the modeling logic to 

better understand what is happening (AIMMS, 2019). 

 

Arena 
Arena Supply chain simulation is a computer model of the supply chain that incorporates system 

interactions, resource requirements and inherent system variability to provide a realistic simulation of the 

supply chain. It can show the impact of changing sourcing and manufacturing locations on costs, capacities 

and customer demand. This tool does not optimize the model but merely simulates results of changing 

parameters. (Arena, 2019). 

 

Excel 
Excel is a basic program that can solve simple facility location problems by the use of linear solvers. It lacks 

the capacity to solve larger problems with many variables, but is relatively easy to understand and most 

people know how to deal with Excel. With the use of sensitivity analyses of the solver tool impacts of 

changes of variables can be checked. 
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General programming 
Several programs such as Java or C++ have the capability to solve facility location problems. This requires 

knowledge in programming and these models are usually not too easy to understand. The good thing 

about programming is the ability to expand the model as you please. 

For this business, case it is important that a modeling tool is selected which can do the optimization, 

scenario planning and visualization. Besides that, it is important that the tool is easy to use, has sufficient 

detail and is expendable where needed, also the prices is a factor to consider. As mentioned in the 

literature review, the focus is mainly on complete tools that can solve supply chain related problems. To 

make a selection, a weighted multi criteria decision matrix is made which can be seen in Table 28. The 

weights are based on preferences from the author and Philips. The score for each factor is based on 

available information online for the tool. In addition, the current systems of Philips are taken into account 

when filling in this selection matrix. 

 
Table 28 Multi criteria decision table 
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Weight 1 3 2 3 2 2 3 

 

Supply Chain Guru 1 3 3 3 2 2 2 39 

AIMMS 3 3 2 1 2 2 2 33 

Arena 1 1 1 3 2 2 2 31 

Excel 3 3 1 1 1 2 1 26 

Programming 3 1 1 2 2 1 3 29 

 
Based on this matrix Supply Chain Guru is the preferred tool for this case. Mainly because of the high 
scores on visualization and scenario. Both are of high importance for this project. In addition, the 
integrated scenario tool of Supply Chain Guru makes it easy to use. A nice extra feature is that Philips 
has worked with Supply Chain Guru before. This makes it easier for the employees to use and work with 
the model, which is also a major part of this assignment. The integrated solver tool FICO Express is able 
to handle MILP large enough to solve problems for the current case and upcoming projects.  
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Appendix 5  
Data collection 

Semi-structured interview questions round 1 (supply chain structure and data collection) 

 

Ask during the meeting 

1. What current warehouses are in use? 

a. Special requirement on these warehouses 

b. Warehouse functions, (cross-dock, storage, LMP, etc.) 

2. What type of products are being sold 

a. Special requirements for products? 

b. Special requirements for shipping? 

c. Special requirement for storage? 

3. Which RDCs are used for replenishment? 

4. Which transport mode is used the most? 

5. Special notifications about the current supply chain? 

Additional information to be provided after the meeting 

1. Transactional data of sales year 2018 
a. Origin, destination 
b. Products 
c. Transport mode 
d. Order date and due date (delivery time requirements 

2. Product information 
a. Product description 
b. Product weight 
c. Product volume 
d. Product values 
e. Product inventory levels 

3. Shipping rate information 
a. Warehouse handling cost 
b. Transportation cost 

4. Warehouse information 
a. Warehouse sizes 
b. Warehouse cost 
c. Extra cost needed to take into account 

5. Overall cost information of the supply chain 
a. Yearly spend per cost basis 

b.  

Semi structured interview questions round 2 (preferences and scenario building) 

1. What preferences do you have for the supply chain design 

a. Preferred suppliers 

b. Preferred locations 

c. Any other preferences that come to mind 

2. What scenarios might be important to look at when comparing different solutions 

a. Important scenarios do we need to calculate
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Figure 12 Example transactional data SRC 
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Figure 13 Example inventory data PH 
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Appendix 6 
Cost rate conversions 

For the ease in modeling the cost for transportation and item handling are converted to linear rates. These 

linear rates are easier to use in the model then the rate tables provided by the logistic providers. The 

conversion from the rate tables to the linear rate is done in the six steps described below.  

 

1. Calculate average distance between warehouse and a state 

2. Use rate table to calculate average cost per 1 cubic meter package 

3. Divide cube rate by distance to get a cost per Cube/km 

4. Calculate actual cost based on rate table  

5. Calculate cost based on the linear cube/km rate 

6. Validate the rate and make adjustments where needed. 

 
As a validation, the cost from the model based on the linear rate are compared with the cost that are 
actually paid in the same period. For each provider, two months of sales data is used to calculate the 
linear rates with the adjustments needed. These rates are tested on several other months to validate 
the results. Table 29 gives the results for the test set of the rates for DHL. These rates are used on 
another three months to validate the results. These values can be found in Table 30. 
 
Table 29 Cost comparison transportation cost test data 

State Rate cube/km Cost with rate Actual paid Difference 

NSW  $            1.90   $              13,796.11   $     13,222.55  104% 

NT  $            0.15   $                1,822.87   $       2,227.58  82% 

QLD  $            0.18   $              12,268.51   $     12,597.40  97% 

SA  $            0.14   $                5,934.33   $       6,212.69  96% 

TAS  $            0.30   $                1,506.19   $       1,640.14  92% 

VIC  $            0.08   $              13,804.63   $     13,065.04  106% 

WA  $            0.10   $              11,700.89   $     11,121.77  105% 

Total    $              60,833.53   $     60,087.17  101% 

 
Table 30 Cost comparison transportation cost validation data 

State Rate cube/km charged by rate Actual paid Difference 

NSW  $            1.90   $              17,618.18   $     17,453.55  101% 

NT  $            0.15   $                2,123.81   $       2,236.39  95% 

QLD  $            0.18   $              15,851.36   $     16,010.45  99% 

SA  $            0.14   $                6,933.78   $       6,703.65  103% 

TAS  $            0.30   $                1,422.71   $       1,520.33  94% 

VIC  $            0.08   $              10,957.57   $     10,137.67  108% 

WA  $            0.10   $              12,495.85   $     12,078.87  103% 

Total    $              67,403.25   $     66,140.91  102% 
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The handling cost of the logistic providers usually consist of two parts, a rate per order and a rate per 

item. This type of cost calculation is not possible in the current mathematical model. Therefore, the rates 

of the logistic provider are converted into a linear rate per cube handled. The conversion from the rates 

of the providers to the linear rate is done in the six steps described below.  

 

1. Calculate total cube sent in period 

2. Look up total paid for inbound cost 

3. Divided total paid by cube sent to get rate per cube 

4. Calculate cost of handling based on cube rate 

5. Compare handling cost to sum of handling and transportation cost 

6. Adjust handling cost accordingly to match real situation 

 

The handling cost are also validated by creating the rate on a test set and testing the rate on a validation 

set of the same size. Table 31 gives the results for the test data and Table 32 for using the same rate on 

the validation set. 

 
Table 31 Cost comparison outbound handling cost test data 

  Actual Actual rate Actual Rate 

Month transport Outbound Outbound Outbound Outbound 

April  $  31,812.51   $  24,378.00   $  23,429.96  43% 42% 

May  $  29,021.02   $  22,583.21   $  23,697.15  44% 45% 

 

Table 32 Cost comparison outbound handling cost validation data 

  Actual Actual rate Actual Rate 

Month transport Outbound Outbound Outbound Outbound 

June  $26,164.70   $  20,618.34   $  18,927.15  44% 42% 

July  $39,976.21   $  28,491.71   $  30,084.75  42% 43% 
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Appendix 7  
Model validation 

  

Capacity constraint 

Sum of products sent out by the 

warehouse cannot exceed the total 

capacity. Constraint is also ensures 

that a closed warehouse does not 

sent products. This one also applies 

to RDCs 

Distance constraint 

Each warehouse customer 

combination has to obey a maximum 

service distance. Surpassing this 

distance yields an infeasible solution. 

Warehouse shipping quantity 

The warehouse cannot ship more 

than it will receive from the RDC.  The 

light green cell indicate the amount 

shipped to the warehouse, the dark 

green the amount shipped by the 

warehouse. These values need to 

match to have a feasible solution 
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Table 33 Toy problem warehousing cost 

Cost type Warehouse 1 Warehouse 2 

Outbound handling  $                     100   $                     200  

Inbound handling  $                       50   $                       50  

Fixed warehouse  $                     100   $                     150  

Factor cost  $                       40   $                       60  

Closing cost  $                       10   $                       10  
 

Table 34 Toy problem RDC cost 

Cost type RDC 1 RDC 2 

Fixed warehouse  $                     100   $                     100  

Closing  $                       11   $                       10  
 

Table 35  Toy problem transportation distance 

Site 
Customer 1 Customer 2 Customer3 

Warehouse 1 3156 1359 2372 

Warehouse 2 704 2494 2330 
 

Table 36 Toy problem transportation rates 

Site Customer 1 Customer 2 Customer3 

Warehouse 1  $                    0.10   $                    0.09   $          0.13  

Warehouse 2  $                    0.10   $                    0.13   $          0.09  
 

Table 37 Toy problem product cube 

Product Cube 

Product 1 0.001 

Product  2 0.002 
 

Table 38 Toy problem replenishment cost 

Site RDC 1 RDC 2 

Warehouse 1  $                       10  12 

Warehouse 2  $                       13  15 
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Table 39 Validation model warehouse cost parameters 

Cost type Sydney Perth Shenzhen Singapore 

Outbound cost / cube $100 $200 - - 

Inbound cost / cube $50 $50 - - 

Warehouse management fee $100 $150 $100 $100 

Factor costs $40 $60 - - 

Closing costs $10 $10 $10 $11 

 
Table 40 Validation model transportation cost per cube/KM 

City/state WA SA NT 

Sydney $0.10 $0.09 $0.13 

Perth $0.10 $0.13 $0.09 

 
Table 41 Validation model customer demand 

Customer Product Quantity Cube 

Esperance HS 30 0.03 

Adelaide PH 20 0.04 

Alice Springs HS   40 0.04 

 
Table 42 Validation model Transportation cost 

 Esperance Adelaide Alice Springs 

Sydney $9.47 $4.89 $12.33 

Perth $2.11 $12.97 $8.39 

 

Table 43 Validation model Transportation cost with outbound cost 

 Esperance Adelaide Alice Springs 

Sydney $12.47 $8.89 $16.33 

Perth $8.11 $20.97 $16.39 
 

Table 44 Validation model Transportation cost with inbound cost 

 Esperance Adelaide Alice Springs 

Sydney $13.97 $10.89 $18.33 

Perth $9.61 $22.97 $18.39 

 

Table 45 Validation model Transportation cost with replenishment cost 

 Esperance Adelaide Alice Springs 

Sydney $12.27 $11.29 $18.73 

Perth $9.97 $23.45 $18.87 
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Figure 14 Validation baseline map                 Figure 15 Validation optimal map 

 

 

Figure 16 warehouse transportation and outbound cost 

 

Figure 17 RDC transportation cost 

 

Figure 18 Fixed, closing and inbound cost 
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Appendix 8 
Model influences 

 

Figure 19 unemployment rates per state (Janda M., 2019) 

 

 

Figure 20 Satisfaction with job overall - state level (Cassels, 2017)
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Appendix 9 
Model inputs 
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Appendix 10 
Results per scenario 
 Table 46 Results per scenario in 1000 AUD's per year 

Scenario  Outbound   Transport   Inbound   Replenish   Fixed   closing   Total  

001. Current situation  $        2,764   $    3,750   $    1,270   $        715   $    1,496   $           -     $    9,995  

002. Cost optimal  $        2,782   $    3,145   $    1,270   $        716   $    1,375   $          25   $    9,312  

003. Perth SRC, rest optimal  $        2,792   $    3,329   $    1,270   $        716   $    1,375   $          25   $    9,507  

004. Schenker all  $        2,793   $    3,360   $    1,270   $        714   $    1,338   $          35   $    9,510  

005. DHL all  $        2,666   $    4,084   $    1,270   $        714   $    1,521   $          70   $  10,324  

006. Baseline no Perth  $        2,764   $    3,749   $    1,270   $        714   $    1,460   $          10   $    9,967  

007. Cost optimal HS open  $        2,777   $    3,255   $    1,270   $        719   $    1,557   $          15   $    9,592  

008.1 Increased Schenker Handling (1.3)  $        3,542   $    3,145   $    1,270   $        716   $    1,375   $          25   $  10,073  

008.2 Increased Schenker Handling (1.4)  $        2,666   $    4,073   $    1,270   $        716   $    1,436   $          60   $  10,220  

008.3 Increased Schenker Handling (1.5)  $        2,666   $    4,073   $    1,270   $        716   $    1,436   $          60   $  10,220  

009.1 Decrease DHL handling (0.7)  $        2,782   $    3,145   $    1,270   $        716   $    1,375   $          25   $    9,312  

009.2 Decrease DHL handling (0.6)  $        1,698   $    4,073   $    1,270   $        716   $    1,436   $          60   $    9,252  

009.3 Decrease DHL handling (0.5)  $        1,456   $    4,073   $    1,270   $        716   $    1,436   $          60   $    9,010  

010.1 decrease DHL transportation (0.9)  $        2,782   $    3,145   $    1,270   $        716   $    1,375   $          25   $    9,312  

010.2 decrease DHL transportation (0.85)  $        2,782   $    3,145   $    1,270   $        716   $    1,375   $          25   $    9,312  

010.3 decrease DHL  transportation (0.80)  $        2,782   $    3,145   $    1,270   $        716   $    1,375   $          25   $    9,312  

010.4 decrease DHL transportation (0.75)  $        2,782   $    3,145   $    1,270   $        716   $    1,375   $          25   $    9,312  

010.5 decrease DHL transportation (0.70)  $        2,666   $    2,992   $    1,270   $        716   $    1,436   $          60   $    9,140  

011.1 Increase total cost Schenker (1.1)  $        3,035   $    3,413   $    1,385   $        716   $    1,375   $          25   $    9,948  

011.2 Increase total cost Schenker (1.2)  $        2,666   $    4,073   $    1,270   $        716   $    1,436   $          60   $  10,220  

012.1 Decrease total cost DHL (0.9)  $        2,782   $    3,145   $    1,270   $        716   $    1,375   $          25   $    9,312  

012.2 Decrease total cost DHL (0.8)  $        2,182   $    3,352   $    1,039   $        716   $    1,436   $          60   $    8,785  

013. Adding Brisbane  $        2,782   $    2,857   $    1,270   $        647   $    1,411   $          25   $    8,991  

014. Adding Adelaide  $        2,782   $    2,860   $    1,270   $        672   $    1,399   $          25   $    9,008  

015. Adding 2 warehouses  $        2,782   $    2,637   $    1,270   $        690   $    1,399   $          25   $    8,803  
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 Table 47 Service time per state in number of orders 1 

  Service Hours 1 2 3 4 5 6 7 8.1 8.2 8.3 9.1 9.2 

NSW 0-12 24374 24438 24430 24438 24438 24430 24438 24438 24438 24438 24438 24438 

NSW 12-24 97 97 97 97 97 97 97 97 97 97 97 97 

NSW 36-48 
 

1 
    

1 1 1 1 1 1 

NSW 48-60 65 
 

1 1 1 1 
      

NT 12-24 
            

NT 24-36 191 191 191 191 191 191 191 191 191 191 191 191 

NT 36-48 16 672 10 10 10 10 665 672 672 672 672 672 

NT 48-60 657 1 663 663 663 663 8 1 1 1 1 1 

NZ 24-36 49 49 49 49 49 49 49 49 49 49 49 49 

QLD 0-12 5547 3139 3139 3139 8851 5565 3212 3139 8851 8851 3139 8851 

QLD 12-24 6922 9354 9350 9354 3642 6924 9281 9354 3642 3642 9354 3642 

QLD 24-36 1412 1412 1412 1412 1412 1412 1412 1412 1412 1412 1412 1412 

QLD 36-48 3 
 

3 3 3 3 
      

QLD 48-60 24 3 
    

3 3 3 3 3 3 

SA 0-12 
            

SA 12-24 5094 5104 5101 5104 5106 5103 5104 5104 5106 5106 5104 5106 

SA 24-36 25 15 15 15 13 13 15 15 13 13 15 13 

TAS 12-24 1562 1562 1562 1562 1562 1562 1562 1562 1562 1562 1562 1562 

VIC 0-12 15467 15085 15075 15085 16072 15497 15105 15085 16072 16072 15085 16072 

VIC 12-24 2799 3221 3221 3221 2234 2799 3201 3221 2234 2234 3221 2234 

VIC 36-48 40 
           

WA 0-12 750 7417 1447 
   

7364 7417 7417 7417 7417 7417 

WA 12-24 40 292 59 
   

285 292 292 292 292 292 

WA 24-36 18 98 18 
   

97 98 98 98 98 98 

WA 36-48 193 
 

184 196 241 223 5 
     

WA 48-60 6805 
 

6018 7595 7565 7514 56 
     

WA >60 1 
 

12 16 1 1 
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Table 48 Service time per state in number of orders 2 

  Service Hours 9.3 10.1 10.2 10.3 10.4 10.5 11.1 11.2 12.1 12.2 13 14 15 

NSW 0-12 24438 24438 24438 24438 24438 24438 24438 24438 24438 24438 24438 24535 24535 

NSW 12-24 97 97 97 97 97 97 97 97 97 97 97 
  

NSW 36-48 1 1 1 1 1 1 1 1 1 1 1 1 1 

NSW 48-60 
             

NT 12-24 
           

191 191 

NT 24-36 191 191 191 191 191 191 191 191 191 191 191 
  

NT 36-48 672 672 672 672 672 672 672 672 672 672 672 672 672 

NT 48-60 1 1 1 1 1 1 1 1 1 1 1 1 1 

NZ 24-36 49 49 49 49 49 49 49 49 49 49 49 49 49 

QLD 0-12 8851 3139 3139 3139 3139 8851 3139 8851 3139 8851 11970 3139 11970 

QLD 12-24 3642 9354 9354 9354 9354 3642 9354 3642 9354 3642 1878 9354 1878 

QLD 24-36 1412 1412 1412 1412 1412 1412 1412 1412 1412 1412 57 1412 57 

QLD 36-48 
             

QLD 48-60 3 3 3 3 3 3 3 3 3 3 3 3 3 

SA 0-12 
           

5116 5116 

SA 12-24 5106 5104 5104 5104 5104 5106 5104 5106 5104 5106 5104 3 3 

SA 24-36 13 15 15 15 15 13 15 13 15 13 15 
  

TAS 12-24 1562 1562 1562 1562 1562 1562 1562 1562 1562 1562 1562 1562 1562 

VIC 0-12 16072 15085 15085 15085 15085 16072 15085 16072 15085 16072 15085 18087 18087 

VIC 12-24 2234 3221 3221 3221 3221 2234 3221 2234 3221 2234 3221 219 219 

VIC 36-48 
             

WA 0-12 7417 7417 7417 7417 7417 7417 7417 7417 7417 7417 7417 7417 7417 

WA 12-24 292 292 292 292 292 292 292 292 292 292 292 292 292 

WA 24-36 98 98 98 98 98 98 98 98 98 98 98 98 98 

WA 36-48 
             

WA 48-60 
             

WA >60 
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Table 49 Warehouse flow per product group in M3 1 
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001. Current situation HS 1078 0 0 2614 0 
 

001. Current situation PH 0 19541 0 0 0 0 

001. Current situation SRC 0 0 53 2107 0 0 

002. Cost optimal HS 0 3299 393 0 0 0 

002. Cost optimal PH 0 17834 1707 0 0 0 

002. Cost optimal SRC 0 1940 220 0 0 0 

003. Perth SRC, rest optimal HS 0 3692 0 0 0 0 

003. Perth SRC, rest optimal PH 0 19541 0 0 0 0 

003. Perth SRC, rest optimal SRC 0 1955 205 0 0 0 

004. Schenker all HS 0 3692 0 0 0 0 

004. Schenker all PH 0 19541 0 0 0 0 

004. Schenker all SRC 0 2160 0 0 0 0 

005. DHL all HS 0 0 0 3692 0 0 

005. DHL all PH 0 0 0 19541 0 0 

005. DHL all SRC 0 0 0 2160 0 0 

006. Baseline no Perth HS 1078 0 0 2614 0 0 

006. Baseline no Perth PH 0 19541 0 0 0 0 

006. Baseline no Perth SRC 0 0 0 2160 0 0 

007. Cost optimal HS open HS 1078 2291 323 0 0 0 

007. Cost optimal HS open PH 0 17834 1707 0 0 0 

007. Cost optimal HS open SRC 0 1940 220 0 0 0 

008.1  Schenker Handling (1.3) HS 0 3299 393 0 0 0 

008.1  Schenker Handling (1.3) PH 0 17821 1720 0 0 0 

008.1  Schenker Handling (1.3) SRC 0 1938 222 0 0 0 

008.2  Schenker Handling (1.4) HS 0 0 393 3299 0 0 

008.2  Schenker Handling (1.4) PH 0 0 1720 17821 0 0 

008.2  Schenker Handling (1.4) SRC 0 0 222 1938 0 0 

008.3  Schenker Handling (1.5) HS 0 0 393 3299 0 0 

008.3  Schenker Handling (1.5) PH 0 0 1720 17821 0 0 

008.3  Schenker Handling (1.5) SRC 0 0 222 1938 0 0 
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Table 50 Warehouse flow per product group M3 2 
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009.1  DHL handling (0.7) HS 0 3299 393 0 0 0 

009.1  DHL handling (0.7) PH 0 17834 1707 0 0 0 

009.1  DHL handling (0.7) SRC 0 1940 220 0 0 0 

009.2  DHL handling (0.6) HS 0 0 393 3299 0 0 

009.2  DHL handling (0.6) PH 0 0 1720 17821 0 0 

009.2  DHL handling (0.6) SRC 0 0 222 1938 0 0 

009.3  DHL handling (0.5) HS 0 0 393 3299 0 0 

009.3  DHL handling (0.5) PH 0 0 1720 17821 0 0 

009.3  DHL handling (0.5) SRC 0 0 222 1938 0 0 

010.1  DHL transportation (0.9) HS 0 3299 393 0 0 0 

010.1  DHL transportation (0.9) PH 0 17834 1707 0 0 0 

010.1  DHL transportation (0.9) SRC 0 1940 220 0 0 0 

010.2  DHL transportation (0.85) HS 0 3299 393 0 0 0 

010.2  DHL transportation (0.85) PH 0 17834 1707 0 0 0 

010.2  DHL transportation (0.85) SRC 0 1940 220 0 0 0 

010.3  DHL transportation (0.80) HS 0 3299 393 0 0 0 

010.3  DHL transportation (0.80) PH 0 17834 1707 0 0 0 

010.3  DHL transportation (0.80) SRC 0 1940 220 0 0 0 

010.4  DHL transportation (0.75) HS 0 3299 393 0 0 0 

010.4  DHL transportation (0.75) PH 0 17834 1707 0 0 0 

010.4  DHL transportation (0.75) SRC 0 1940 220 0 0 0 

010.5  DHL transportation (0.70) HS 0 0 393 3299 0 0 

010.5  DHL transportation (0.70) PH 0 0 1720 17821 0 0 

010.5  DHL transportation (0.70) SRC 0 0 222 1938 0 0 

011.1  total cost Schenker (1.1) HS 0 3299 393 0 0 0 

011.1  total cost Schenker (1.1) PH 0 17821 1720 0 0 0 

011.1  total cost Schenker (1.1) SRC 0 1938 222 0 0 0 

011.2  total cost Schenker (1.2) HS 0 0 393 3299 0 0 

011.2  total cost Schenker (1.2) PH 0 0 1720 17821 0 0 

011.2  total cost Schenker (1.2) SRC 0 0 222 1938 0 0 
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Table 51 Warehouse flow per product group M3 3 
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012.1  total cost DHL (0.9) HS 0 3299 393 0 0 0 

012.1  total cost DHL (0.9) PH 0 17834 1707 0 0 0 

012.1  total cost DHL (0.9) SRC 0 1940 220 0 0 0 

012.2  total cost DHL (0.8) HS 0 0 393 3299 0 0 

012.2  total cost DHL (0.8) PH 0 0 1720 17821 0 0 

012.2  total cost DHL (0.8) SRC 0 0 222 1938 0 0 

013. Adding Brisbane HS 0 2381 393 0 0 918 

013. Adding Brisbane PH 0 14300 1720 0 0 3521 

013. Adding Brisbane SRC 0 1521 222 0 0 417 

014. Adding Adelaide HS 0 1956 375 0 1361 0 

014. Adding Adelaide PH 0 14035 1707 0 3799 0 

014. Adding Adelaide SRC 0 1497 220 0 444 0 

015. Adding 2 warehouses HS 0 1038 375 0 1361 918 

015. Adding 2 warehouses PH 0 10514 1707 0 3799 3521 

015. Adding 2 warehouses SRC 0 1080 220 0 444 417 
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Table 52 Inventory consequences per product group 

Scenario product group % of current Inventory value Difference 

001. Current situation PH 100%  $              4,500,000   $                   -    

001. Current situation HS 100%  $              2,500,000   $                   -    

001. Current situation SRC 100%  $              2,000,000   $                   -    

002. Cost optimal PH 100%  $              4,519,786   $         19,786  

002. Cost optimal HS 77%  $              1,924,344   $     (575,656) 

002. Cost optimal SRC 147%  $              2,947,385   $       947,385  

003. Perth SRC, rest optimal PH 100%  $              4,519,786   $         19,786  

003. Perth SRC, rest optimal HS 72%  $              1,802,483   $     (697,517) 

003. Perth SRC, rest optimal SRC 147%  $              2,947,385   $       947,385  

004. Schenker all PH 100%  $              4,500,000   $                    0  

004. Schenker all HS 72%  $              1,802,483   $     (697,517) 

004. Schenker all SRC 98%  $              1,960,530   $       (39,470) 

006. Baseline no Perth PH 100%  $              4,500,000   $                   -    

006. Baseline no Perth HS 100%  $              2,500,000   $                   -    

006. Baseline no Perth SRC 98%  $              1,960,530   $       (39,470) 

007. Cost optimal HS open PH 100%  $              4,519,786   $         19,786  

007. Cost optimal HS open HS 100%  $              2,500,000   $                   -    

007. Cost optimal HS open SRC 147%  $              2,947,385   $       947,385  

013. Adding Brisbane PH 102%  $              4,586,340   $         86,340  

013. Adding Brisbane HS 114%  $              2,839,291   $       339,291  

013. Adding Brisbane SRC 150%  $              2,994,713   $       994,713  

014. Adding Adelaide PH 101%  $              4,546,007   $         46,007  

014. Adding Adelaide HS 95%  $              2,386,026   $     (113,974) 

014. Adding Adelaide SRC 155%  $              3,103,693   $   1,103,693  

015. Adding 2 warehouses PH 103%  $              4,639,711   $       139,711  

015. Adding 2 warehouses HS 121%  $              3,028,792   $       528,792  

015. Adding 2 warehouses SRC 160%  $              3,204,019   $   1,204,019  
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Appendix 11 
Scenario maps 

 

Figure 21 Map scenario 2, cost optimal solution 

Scenario 8.1, 9.1, 10.1, 10.2, 10.3, 10.4, 11.1 and 12.1 use the same network structure as created in scenario 2.  
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Figure 22 Map scenario 3, Perth SRC, rest optimal 

  



91 
 

 

Figure 23 Map Scenario 4, Schenker all 
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Figure 24 Map Scenario 5 DHL all 
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Figure 25 Map Scenario 6, baseline no Perth 
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Figure 26 Map Scenario 7, Cost optimal with HS open 
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Figure 27 Map Scenario 8.2, Decrease DHL handling cost 

Scenario 8.3, 9.2 9.3, 10.5, 11.2 and 12.2 use the same network structure as created in scenario 8.2 
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Figure 28 Map Scenario 13, adding Brisbane 
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Figure 29 Map Scenario 14, adding Adelaide 
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Figure 30 Map Scenario 15, adding Brisbane and Adelaide
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Appendix 12  
Extension to other geographical regions 

The current case dealt with the data of Philips Australia however, this does not mean that the model is 

only limited to solve problems for the Australia case. When the data is adjusted, the model can be run for 

other regions as well. This chapter will discuss how to reuse the model and what time requirements are 

needed to do so. First, the data collection is discussed; second the use of this data in the model. After 

that, the scenario building aspect is explained followed by the analyses of the model output.  

 

Data collection 

A facility location model requires several types of data input. This section will discuss the three major data 

groups and the kind of information required for each group. Most of this data is collected from the logistic 

providers in the supply chain. They usually have more information on the sales and products then is 

currently stored in the Philips Systems. The use of logistic provider data also makes it easier to compare 

model results to actually paid values in de validation step of the model. In addition, a quick discussion on 

cleaning the data is give.  

 

Sales data 

Sales data is required to generate the demand for the model. The basic elements required are: 

 Order number and order line number 

 Customer information (name and location) 

 Warehouse source information (name and location) 

 Product being sold 

 Quantity being sold 

 Order date 

 

Product data 

Product data is required to determine shipment sizes, based on KG or volume depending on the model 

preferences. Product value can be used to determine the effects of inventory changes.  Usually this data 

is found in the product master data, the data elements required are: 

 Product volume 

 Product weight 

 Product value 

 

Warehouse data and shipping rates 

Warehouse data contains all the information concerning the cost that are made at the warehouse. These 

include the transport rates and the cost made inside the warehouse. The information required for the 

modeling consists of: 

 Transportation rates (inbound and outbound) 

 Handling cost (inbound and outbound) 

 Warehouse management fees (fixed cost) 

 Storage space cost (usually per SQM) 

 Closing cost (cost incurred when warehouse is closed) 
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Data Cleaning 

Data received from the suppliers or the Philips SAP systems is not directly useable for modeling. Some 

data analytics and cleaning is required to understand the data. First is the selection of the correct data. 

Only sales data that fits the warehouses in the scope should be selected. Second, it should be checked if 

the data is complete. Rows with missing values should be deleted or missing values filled in with additional 

information gathered. When no additional information is available, also assumption based on the other 

data can be used. Third, is looking for outliers. Extremely small or large values need to be checked if they 

make sense, otherwise they need to be deleted.  

 

Supply chain guru modeling 

When the data is collected, the data needs to be loaded into the model. Several different tables need to 

be populated for the model to be able to run. This section will discuss the six main table that need to be 

populated to run the network optimization model. After that some extra inputs are discussed that can 

help to put more detail into the model. The final part of this section discusses some important model 

settings that are required for the model to run. 

 

Model elements 

The model elements consist of the input tables that define the structure of the supply chain. These tables 

contain the information of the supply chain sites, customers, products and periods. For each input table 

the required information is discussed with some standard formulation to keep the modeling 

unambiguously. 

 

Customers 

The customers indicate the location where the demand takes place. Each customer requires a unique 

name and some location information. The bare minimum location requirements is a city with the 

corresponding country. For more accurate placement of the customers, the address and the postcode can 

be filled in as well. With the location information in place, Supply chain guru can convert this data into 

latitude and longitude with the geocoder. This step is required for the model to understand the exact 

locations and calculate the distances between customers and sites. With the coordinates in place, the 

locations of the customers can be checked on the map to see if it is correct. The unique customer name 

is very helpful with understanding the output of the model when setup correctly. By adding characteristics 

of the customer in the name, filters can be used on the output data to understand the costs. For example 

the following name can be used CZ_PH_0001_QLD, this name indicates that it is a customer (CZ) that 

orders personal health products (PH) and is located in Queensland. Appendix 13 shows a part of the filled 

in table for the customers. The blue button will open de geocoder to populate the latitude and longitude.  

 

Sites 

The next input table is the Sites table here the information for the different supply chain facility 

locations is defined. This table works almost the same as the customers table. Here again a unique 

name, location information and geocoding is required. For the site name, a combination of the site type, 

product and city can be used to name the sites. For example, WHS_PH_Sydney for a personal health 

warehouse in Sydney. However, this table has some more options to define the characteristics of the 

sites. For each site, fixed operating cost and closing cost can be determined. These costs define what the 

cost for keeping open the facility are and how much it will cost to close the facility. When using fixed 
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cost it is important to define the capacity/fixed cost period. This will indicate on what bases the fixed 

cost will reoccur, for example each month of per year. The final two options are the type and status. The 

type divines if the site already exists in the supply chain and the status divines if the site should be 

included, considered or excluded in the supply chain. These options can be used in network optimization 

to pick the most optimal selection of sites. Table 53 gives an overview of how the type and status will 

interact with each other when optimizing. Appendix 13 shows the filled in sites input table, currently all 

sites are set to include. 

Table 53 Status and Type model interactions 

Status Type Optimization 

Include Existing site Included 

Potential site Included 

Consider Existing site Closed if optimal to do so 

Potential site Opened if optimal to do so 

Exclude Existing site Excluded 

Potential site Excluded 

  

Products 

The product input table divines the products that go through the supply chain. Each product needs a 

unique name. Where available the characteristics of the products can be filled in in the table, these 

characteristics consist of unit value, unit weight and unit volume. The item characteristics are for 

example used to calculate shipment weights and volumes. An example of the products input table is 

shown in Appendix 13. 

Periods 

By default, Supply chain guru is a single period model. In this case, this single period has the length of the 

whole analysis. However, reality often requires multiple periods to be considered. This can be done by 

the periods input table. Each period needs a unique name and a start date. The period will last until the 

start date of the next period. A filled in periods table is given in Appendix 13. The model will use these 

periods to determine which orders need to be aggregated together. When desired, the periods can be 

used to have different values for the costs per period, for example, model-changing costs because of 

seasonality. In the current model, the periods are used to determine the aggregation level of the demand 

and to determine on what basis the warehouse cost occur. Closing decisions for warehouses can be made 

each period, but for the current model, these decisions are fixed on the first period. 

 

Demand 

With all the standard model elements in place, the customer demand can set up. The customer demand 

table deals with the demand on the period level. When the period is one day, al the demand lines with 

the same warehouse customer combination will be taken together in a single order line. This aggregation 

makes sure that the different products are put into a single shipment to the customer. When using 

network optimization the use of predefined order lines is required, this means that the order date and 

the amount ordered must be filled in and are not random values. Each demand line needs the following 

aspects to be used in the model: period in which the order occurs, the customer placing the order, the 

product the customer orders and the order quantity as can be seen in Appendix 13. 
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Sourcing 

Sourcing policies describe the possible sources from which the customers and the sites can receive their 

products. The sourcing policies are split up in two tables, customer sourcing and sites sourcing. 

Customer Sourcing Policies 

The customers need to receive their products from a warehouse. The sourcing policies determine which 

customers can be served by a warehouse. By filling in the sourcing policies table, all the possible 

combinations of customer, warehouse and product are created. For example, a PH product can come from 

the PH warehouse in Sydney. The Customer column would get PH customers, the Product column PH and 

the Source PH warehouse. This combination indicates that all PH customers can source their PH products 

from the PH warehouse. The next setting is Sourcing Policy, this will indicate if the customer can receive 

their products from multiple warehouses or from a single warehouse.  

 

Site sourcing policies 

The same type of table is available for the sites. Here the RDC, Warehouse and product combinations are 

determined. In the Sites column the destination of the product is set, the Product column sets the 

allowable products and the Source column sets the origin of the product. In this table all the inter site 

flows are determined. Here again the selection needs to be made if the site can receive their products 

from multiple sources or only a single source. Appendix 13  shows a filled in site-sourcing table. 

 

Transportation 

With the combinations of sources and customers in place. The transportation cost for these policies need 

to be determined. These costs are linked to the sourcing policies by setting up transportation links. These 

transportation links make sure that the product can be transported between the source and the 

destination based on the cost allocated to the transportation. The transportation links consist of two 

parts, the modes and the transportation policies.  

 

Modes 

The modes indicate the cost made for shipping a product. These modes can be product, customer and 

source specific. Each mode has a unique name and a variable transportation cost for shipping the product. 

The variable cost basis indicates what unit of measure is used to calculate the transportation cost. For 

example per item or per KG. Allowable products divine which products are allowed to be send with the 

mode. An example of a modes input table is shown in Appendix 13. 

 

Transportation policies 

In the transportation policies table, the modes are connected to the sourcing combinations. In this table 

the source, destination and product is specified for which the transportation policy applies. The mode is 

then specified to link the cost to the transportation policy. An example of a transportation policies input 

table is shown in Appendix 13. 

 

 

 

 

 

 



103 
 

Production 

The production input table indicates the origin of the product. When dealing with a two-echelon system, 

the origin of the product is in the first echelon. The model requires that the products are produced 

somewhere in the model. Therefore, the first echelon will act as a factory where the products are 

produced. In the input table, the site indicates the origin, the product what product is created and the 

production policy is set to make. This way, the products needed to fulfil customer demand are created 

and able to be delivered to the customers. An example of a production input table is shown in Appendix 

13. 

 

Inventory 

The inventory input table specifies which products are stored in the warehouses, in addition the product 

handling cost are defined in this table. For each site in the model, the allowable products are specified in 

the product column. The unit inbound cost and unit outbound cost can also be specified in this table. When 

dealing with a site that does not keep inventory such as a cross-dock, this can be specified at the stocking 

site column. An example of an inventory input table is shown in Appendix 13. 

 

Site constraints 

The site constraint table allows the user the create constraints on how many sites can be used in the 

solution. A selection of sites can be filtered on and a constraining value added. For example, a maximum 

of 1 site in Sydney. In this case, under sites the Sydney sites are selected, constraints type is set to Fixed 

and the constraint value set to 1. An example is shown in Appendix 13. 

 

Model settings 

The software has some overall settings that need to be checked before building the model. Model settings 

is accessible by clicking the model icon as seen on the right. The First tab under model 

settings is the General tab; here the default transportation speed has to be set. This 

speed is used to calculate the transportation times. The other important setting under 

the general tab is the Transportation Circuity Factor, this is a percentage added to the 

straight line used for transportation distance calculations. This percentage will increase 

the distance to provide a more accurate representation of the travel distance. This circuity value is 

different per region based on the road density of the area. Appendix 14 gives an overview of circuity 

percentages based on a research of (Ballou et al., 2002). 

The next important tab is the data formats, these data formats for dates, numbers and currencies have 

to match the preferred settings of the user. The Units and Currency tab in the model settings allows the 

user to specify the standard units of measure for the model to use. Here the Currency, quantity, weight, 

volume, time, distance and speed parameters are selected. For example, when distances are needed in 

KM, this needs to be specified in here because the standard unit of measure is miles. 
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Scenario building 

Scenario building is a quick method to create and run scenarios. Each scenario consists of several scenario 

item that are created by the user. These scenario items will changes values or inputs based on what is 

selected for the scenario item. These changes will occur on the input that is originally put in the model, so 

essentially a scenario is running the baseline with the changes made by the user. 

 

Each scenario item has a unique name. In the table drop down menu, the input table where the change 

needs to occur is selected. Next, a Filter can be created. This filter will determine on what rows in the 

input table the scenario will have an effect. The Field dropdown menu selects the column that is effected 

by the scenario item. A choice can be made among several operators; these operators determine the 

effect of the scenario item. For example multiple with a value, add a value or set the value to a set number. 

When the Add Value button is pressed, the user is allowed to fill in the new value for the scenario item. 

Appendix 13 shows an example of a scenario item that reduces the handling cost of a warehouse with 

50%.  

 

All the created scenario items need to be combined in a scenario. In the scenario tab, all the scenario 

items show up. The relevant scenario items can be selected. In addition, some notes can be added to 

clarify what is happening in the scenario. With the scenario items added and saved, the scenario can be 

run and compared to the baseline to see the effect of the changes. 

 

Output analysis 

The model has six cost elements that determine the total cost. In and outbound transportation, in and 

outbound handling, fixed warehousing cost and closing cost. These costs per scenario can be found in the 

output tables. The outbound handling and transportation cost can be found in the Customer Flows table. 

For each order line the corresponding cost are given. The inbound handling and transportation cost are 

given in the intersite Flows. For each shipment between the sites the cost are given. 

The fixed and closing cost are shown in the Network site summary table. For each period the 

corresponding cost are given. The results of each scenario can also be mapped. On these maps the 

customers, sites and customer flows can be shown. All of these information points and flows can be 

adjusted to the likings of the user. These maps give a nice overview of which customers are server by a 

warehouse and are great at visualizing the results. 
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Appendix 13  
Input tables examples 

 

Figure 31 Input table Customers 

 

 

Figure 32 Input table Sites 
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Figure 33 Input table Products 

 

Figure 34 Input table Periods 
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Figure 35 Input table demand 

 

Figure 36 Input table Site Sourcing Policies 
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Figure 37 Input table Modes 

 

Figure 38 Input table Sourcing Policies 
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Figure 39 Input table Production policies 

 

Figure 40 Inventory Polices input table 
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Figure 41 Input table Site constraints 

 

Figure 42 Creating a scenario item
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Appendix 14 
Circuity factors 

 

Figure 43 Circuity Factor per country (Ballou et al., 2002) 

 

 


