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Management Summary 
In the decorative paints division of the multinational Akzo Nobel, the decisions regarding 
international production and storage problems are taken sub-optimally. This problem has 
been first escalated by the central finance team, an international team that gathers the 
results of all countries in Europe and combines their results. This central finance team made 
it clear that the international productions and storage decisions were aligned, and that thus 
money is being lost until this decision making is aligned. 

In this thesis therefore, a network design study will be conducted to determine optimal 
storage and movement decisions in the sales area of Akzo Nobel. A network consisting of 
fixed production and sales locations that are connected together by a set of warehouses. 
The decision variables are: the amount of storage being kept at the different warehouses, 
the replenishment points and replenishment quantities. Furthermore, monetary values will be 
assigned separately to all metrics involved: storage costs, transportation costs, handling 
costs, and operating working capital. Because of this ‘metric’ approach, separate sub-
problems are created that are combined into the problem function. However the sub-
problems can be solved independently.  

For the storage problem a combination between a stochastic inventory model and a fixed 
order size model is chosen. The stochastic inventory model is chosen to handle the variation 
in demand and thus determine the safety stock and replenishment point. The fixed order size 
model is chosen to handle the optimal replenishment quantity, the model is chosen because 
it determines the order size based on the trade-off between the fixed ordering costs and 
storage costs, which exactly resembles the cost set-up of Akzo Nobel. For the transportation 
problem a custom heuristic is designed that models the most efficient way to transport the 
required quantities throughout the network. Finally, handling costs and operating working 
capital (OWC) costs are determined directly by the decisions taken by the transport and 
storage models. 

The conclusion of this thesis is that in the network of Akzo Nobel, for specific internationally 
sold products a reduction of 30% in costs can be realized. This reduction can be realized by 
taking the decision that one warehouse will store products for multiple other warehouses. 
The cause of this reduction is that a system of ‘central stock points’ combines the economy 
of scale in production while still having delayed diversification and thus quick delivery times 
for the final warehouses, without a big increase in stock 
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Introduction 
The project ‘central stock points’ will serve as the master thesis of Thijs Granzier for the 
double degree Operational Finance given at the Technical University of Eindhoven and the 
University of Tilburg. In this thesis a network design study will be conducted to determine 
optimal storage amounts and movement decisions in the sales network of Akzo Nobel 
decorative paints (AN). This is the biggest division of Akzo Nobel and will for the remainder 
of this thesis be referred to as Akzo Nobel. The sales network of Akzo Nobel consists of 
fixed production and sales locations that are connected together by a set of warehouses. 
The decision variables in the project are: the amount of storage being kept at the different 
warehouses, the replenishment points, and replenishment quantities. 

The sponsor of this specific problem is the central financial planning and analysis 
department (FP&A department). This is the central finance team that oversees the different 
countries and functionalities within Europe. One of their main goals is to guard for sub-
optimal decision making at ‘lower’ levels, thus making sure that all decision taken throughout 
all levels and functionalities are aligned. They realized that the storage and movements 
decisions for products that are produced in one country but are sold in multiple countries are 
not optimal .These movement decisions are not taken optimal because currently, the main 
driver for these decisions is the local results instead of the total European result. For this 
reason the FP&A team sponsored the project presented in this thesis regarding storage and 
movement in the network of Akzo Nobel. 

In this thesis a specific network design decision will be investigated, namely the ‘central 
stock point’ (CSP). Firstly the definitions of ‘network design decision’, ‘central stock point’, 
‘Warehouse’ and ‘DC’: A network design decision is defined as the decision how to use the 
specific network of Akzo Nobel (AN). A central stock point is defined as a warehouse that not 
only fulfils the demand for the connected sales area, but that also holds stock that is 
destined for other DCs and their respective sales areas. The terms warehouse and DC will 
be used as synonyms in this thesis, and are both defined as a storage location that receives 
and sends out products. The network design decision regarding CSP is therefore a study 
that investigates the usage of the different warehouses. Given that Akzo Nobel has 21 
warehouses, there can be many different combinations of the CSP warehouse and 
secondary warehouses connected to this CSP. The main topic of the thesis is therefore: To 
take the CSP decision with all relevant information available and a full understanding of the 
effects on all related costs in the Supply Chain of Akzo Nobel. 

Currently the network is used in the following way: all warehouses (DCs) have a specific 
sales area dedicated to them (usually a country), and this DC sells all relevant products to 
this country. All DCs furthermore order the products directly from the specific production 
sites following the rules set out for replenishment points and quantities (within the limits of 
the production plant), however in the CSP setting of the network it works differently. A group 
of DCs will start to work together; one of the DCs in this group will start to function as the 
central stock point (CSP). This CSP still orders directly from the production plant, but now 
also holds stock for all of the other DCs in the group. The other DCs in this group no longer 
order directly from the production site, but order from their central stock point (these DCs will 
be known as ‘secondary DCs). To fully understand the trade-off discussed in this thesis 
regarding central stock points, the following paragraphs will discuss the following points: 
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functions within Akzo Nobel, hierarchical levels within Akzo Nobel and the characteristics of 
the central stock point decision. 

Firstly the different functions within Akzo Nobel will be discussed: Because of the size of 
Akzo Nobel, many different functions have been created that take decisions in their 
respective fields. For example, a planning function takes decisions on the production 
planning, the purchasing functions buys all materials necessary to produce, and the logistics 
functions decides on all product movements in the network. The advantage of this division in 
functions is that the complex business process can be divided in multiple sub-processes to 
make decisions more manageable. However these functions are designed to accommodate 
the standard operating procedures of Akzo Nobel. When then afterwards redesigns of the 
operating procedures are considered, this split in functionalities might complicate the new 
design. Because the different decision variables involved in the central stock point decision 
originate from multiple functions (logistics/production, planning and finance), the decision 
making therefore involves multiple functions working together in a way that is not standard in 
Akzo Nobel. Therefore this ‘non standard’ way of working complicates the CSP decision. 

Secondly the hierarchical levels of Akzo Nobel play a role in the complexity of the CSP 
decision: Akzo Nobel is an international company that has been formed through growth and 
acquisitions. However because of this, there is still a P&L responsibility (result responsibility) 
at a country level. Therefore, many decisions are taken at a country level and not at a 
European level. The European level is however the final decision making level, as profit 
needs to be optimized on a total level and not sub-optimized on a country level. The CSP 
decision is a decision that entails one warehouse to hold stock for multiple other warehouses. 
Therefore this will often mean that one country holds stock for other countries, and thus one 
country incurring costs while the connected revenue is going to another country. Given that 
each country is responsible for its own financial results, a country (in the current financial 
set-up) will never agree to this CSP set-up. Therefore this generates an extra complexity that 
causes the need for the CSP decision to be taken at a central level, and exclude its negative 
effects in the countries performance measurement. 

Following the conclusions of the last sections, when formulating a model to find an optimal 
solution for the CSP network design decision, the model thus needs to find a solution at a 
European level while also taking into account the metrics relevant to all of the involved 
functions. This is done by involving the central financial planning and analysis team as a key 
player. The FP&A team function within Akzo Nobel monitors financial results at a European 
level and works together with all the different functionalities (planning/production and 
logistics) to create these financial results. They are therefore the key function to translate all 
the different metrics involved into a monetary amount and to indicate potential improvement 
areas to all functionalities. This FP&A function is therefore the primary agent that develops 
the model that is used to optimize the network decision regarding central stock points. 

The FP&A team developed the model regarding the CSP decision in a way that it considers 
separately the following sub-problems: Safety storage amounts and thus reorder points, 
ordering quantities and thus storage amounts, and finally transportation routes used. This 
way the following metrics can also be modelled separately: Safety storage costs, normal 
storage costs, handling costs, transportation costs, and operating working capital. This in 
turn also allows the FP&A team to discuss each sub-problem with the adequate function 
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while using the other sub-problems to increase understanding between the different Akzo 
Nobel functionalities regarding the interdependencies. 

The first sub-problem is the one for the safety storage, for the safety storage an s,Q model is 
used. The s,Q model is a model that makes a trade off between demand variability and 
storage amount and is thus designed to handle the variability of the demand and guarantee 
an inputted maximum amount of out-of-stock situations. Because this is exactly what is 
asked for in the thesis, this model is ideal to determine the amount of safety stock needed in 
the different DCs in the system. 

The second sub-problem is the sub-problem of the regular storage amount. For this an 
EOQ+ model is used. The EOQ model (economic order quantity) is a model that makes a 
trade-off between fixed ordering costs and storage costs to determine the optimal order size. 
It is one of the simplest models that can be used to determine the optimal order size (Sharma 
et al. 2011). This is also the first reason to choose the EOQ+ model. The + variation means 
that the original EOQ model is adapted calculate at a ‘pallet level’ instead of at the product 
level. 

The third sub-problem is the transportation sub-problem. Within Akzo Nobel a custom model 
is built to calculate the transportation costs over specific routes. It is a model that assumes a 
base rate per route and then multiplies this base rate with a multiplier that depends on 
volume. This multiplier will be higher or lower depending on the height of the yearly volume 
over the route, thus resulting in lower costs per kg if the route is heavily used and a higher 
one if it is not heavily used. To calculate the lowest total costs this custom Akzo Nobel model 
is combined with a heuristic that searches in the solution space for the most optimal route 
between warehouses A and B to move the products.  

The last two sub-problems are the handling and operating working capital (OWC) costs. 
However, both of these costs depend directly on the decisions taken in the first three sub-
problems: Firstly, handling costs are determined by the times a product is ordered per year 
and the amount of pallets that are moved per order. This is thus determined by a 
combination of the normal and safety storage sub-problem. Secondly, the OWC costs are 
linked directly to the total amount of storage, thus again linked to the normal and safety 
storage sub-problem. 

The next step is then to develop a platform that can calculate the results of all these models 
to many different settings of the CSP network. This because all models mentioned above 
calculate the solutions to a given network design, so given a certain warehouse as central 
stock point and given its secondary warehouses. However, the goal is to find the optimal 
network setting and compare it to the current network setting. To achieve this goal, a 
software solution is developed that searches the solution space and finds the optimal 
solution. 

After running the simulation model, the final conclusion of the model is that a big 
improvement can be made. For specific items an almost 30% decrease of the costs can be 
achieved without damaging the out-of-stock performance. The reason that these 
improvement possibilities exist is that because of an economy of scale, a minimum batch 
size is enforced at the production site, causing over supply in ordering DCs. However, with 
the CSP system, this oversupply of products is no longer applicable because all secondary 
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DCs order from their respective CSP. A second reason for the big improvement possibilities 
is that because of the CSP set-up, safety stock is held at one central point and can be 
redistributed at any time. This compared to the old system were transhipments were not 
allowed, and DCs could thus be out-of-stock waiting for deliveries of products while enough 
stock existed in other DCs. 

The final conclusion is therefore that using the CSP network design generates a 
considerable saving by creating a kind of delayed diversification effect combined with 
reducing the negative impacts of the economy of scale in production. Therefore, it is 
certainly worthwhile for Akzo Nobel to consider the network design of central stock points. 

For future research several assumptions made in this thesis can be changed. Firstly the 
assumption of fixed production locations, secondly the assumption of a fixed set of 
warehouses. Lastly, the assumption of fixed base tariffs on lanes can be relaxed when the 
lane utilization changes significantly. 
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2. Project Description 

The project ‘central stock points’ will serve as the master thesis of Thijs Granzier for the 
double degree Operational Finance given at the University of Tilburg and the Technical 
University of Eindhoven. In this thesis a network design study will be conducted to determine 
optimal storage amounts and movement decisions in the sales network of Akzo Nobel (AN). 
A sales network that consists of fixed production locations and fixed sales locations that are 
linked together by a set of warehouses. The decision variables in the project are: the amount 
of storage being kept at the different warehouses, the replenishment points, and 
replenishment quantities. 

In this thesis a specific network design decision will be investigated, namely the ‘central 
stock point’ (CSP). Firstly the definitions of ‘network design decision’ and ‘central stock point’: 
A network design decision is defined as the decision how to use the specific network of Akzo 
Nobel (AN). A central stock point is defined as a warehouse that not only holds demand for 
the connected sales area, but that also holds stock that is destined for other DCs and their 
respective sales areas. The network design decision regarding CSP is therefore a study that 
investigates the usage of the different warehouses. Given that Akzo Nobel has 21 
warehouses, there can be many different combinations of the CSP warehouse and 
secondary warehouses connected to this CSP. The main topic of the thesis therefore is: 
How to take the CSP decision with all relevant information available and a full understanding 
of the effects on all related costs in the Supply Chain 

The project has been first set-up by the financial planning and Analysis (FP&A) department 
in Akzo Nobel. The FP&A department is the centralized financial department that produces 
the financial results out of the realized operational flows. It oversees all the local financial 
departments that work at a country level and combines their result to the total central result 
(European result). The FP&A team thus works with many different countries and helps them 
to link their operational results, according to all the financial rules, to a coherent and 
transparent financial result at a central level.  

It is also this department that identified the risk that a specific network design decision 
regarding the sourcing of warehousing, is not done properly. They see the risk that the 
decision process regarding were to store the different goods and in what amount to store 
them is not optimal. The FP&A team thinks that the decision process does not take into 
account a complete problem perspective and is now completed while only taking into 
account a part of the problem.  

They believe that this decision is not being taken optimally because it is a decision that 
should both be taken from the combined perspective of multiple functionalities, and should 
furthermore be taken at an international level. This because within Akzo Nobel, multiple 
functionalities are defined that represent different sections of the business process. So there 
are different groups of people that take care of different decisions in the process.  Because 
of this separation of decision making power to different functionalities within Akzo Nobel, the 
FP&A team feels that there is a risk that overall the decisions regarding the CSP network 
design is being taken mainly from one functionality, and thus not optimally.  
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The goal of this project for the FP&A team is thus to ensure an optimal decision process that 
has the highest likelihood of generating the best possible end decision. To achieve this result 
the FP&A team indicated that they would like to see a better defined process and a tool that 
allows managers to understand the complex networking decision not just from their own 
perspective (their own functionality), but also from the perspective of the other functionalities. 
This so that the in-depth understanding is improved and this thus generates improved 
decision making. 

Throughout this thesis, the process will be divided in multiple steps and will also be 
described as such. It will break down the central question into different metrics that 
correspond to the different functionalities. Secondly it will consider the financial implications 
of all of these separate decisions. Finally we enhance the current way of thinking by 
including within Akzo Nobel the Operating working capital (OWC) trade off in the CSP 
decision.  

The modelling will then be summarized in a management tool, this because the problem will 
call for the calculation of many different possible solutions. This can’t be done manually so a 
need for a customized tool exists. Within this project, a management tool that can guide its 
users in making the right networking decisions and that can perform heuristic searches in the 
solution space to provide an optimal solution will be developed. The tool will thus have to be 
made in specific software architecture and will include different algorithm and querying 
techniques to come to its final results.  

But firstly the following sections will explain the problem more in depth and will give all 
necessary information regarding the structure of Akzo Nobel. Thus informing the reader first, 
about the complex context of this problem and only then providing a solution. 
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3. Problem description 

This section will start with indicating why there is a problem with the current process 
regarding the CSP decision. It will then state why the FP&A team is the best team to make 
the decision and lastly it will present the research questions and deliverables for this thesis. 

3.1 Challenges CSP decision process 
The first challenge of the CSP decision is that it cannot be taken at a country level, but has 
to be solved at the European level. This because the CSP network design decision entails a 
decision which involves stock positions from one country to another that are interconnected. 
The CSP decision namely means that the CSP located in one country will hold stock for its 
secondary warehouses in other countries, and thus incur costs for these secondary 
warehouses. Because each warehouse represents a country and a local country manager 
will never take costs while the benefits goes to another country, the CSP decision should 
therefore never be taken at a local country level. Therefore, the CSP decision should be 
taken at the central level.  

Secondly many different functional areas are involved when changing storage locations, 
many different types of costs and different processes are being affected. Some examples: 
the transport costs between warehouses are affected, storage costs (both normal and safety 
stock), handling costs in and out, and finally the operating working capital (OWC). Therefore 
the multiple functionalities involved should work together and understand the 
interdependencies. 

3.2           Flagged FP&A team 
Because it is a central decision that involves many different functionalities, it is difficult for 
one party to fully understand the problem and furthermore to investigate if the problem is 
being handled as efficiently as possible. Firstly all local levels will not be able to fully see the 
effects of this problem because they cannot look at the financial results of the other countries 
(system limitations). Secondly the different functionalities will only look at the costs incurred 
by their own function. For example the planning functionality will only look at the storage 
costs which are used to measure the performance of the planning function. They will not 
consider the logistical costs because it falls outside of their function, and thus outside of their 
financial performance.  

Within Akzo Nobel, it was therefore the central financial planning and analysis (FP&A) team 
that made the other functionalities aware of this problem. They determined that at this point 
in time, decision making was not taking into account a full trade-off between all these costs 
mentioned. They determined that only the storage costs are considered, creating a false 
sense of optimality regarding the CSP design decision. The reason that only the storage 
costs were considered can be explained through a mismatch in responsibility and 
accountability. At this point in time, the planning functionality is solely responsible for the 
CSP decision while they are only being judged on the storage amounts. Therefore in their 
decision only the storage metrics are being taken into account, thus creating a mismatch in 
responsibility and accountability. 
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Concluding: The FP&A team flagged this issue because it is the department that performs 
the controlling over the different financial flows and functions. It is the only central function 
that looks at total financial results that covers all regional as well as all functional levels. 

3.3 Research Questions 
The main improvement point for the financial department is therefore to create an alignment 
in accountability and responsibility. The goal is not to move the CSP decision away from 
planning, but to give planning a tool that can help to create visibility on the relevant costs 
outside of their function. This way planning can also be held responsible for the complete 
results and effects of the CSP decision. Thus, more clarity regarding the costs involved with 
the CSP decisions should be created. To do this new models will be implemented to 
calculate these costs, these models will be called: ‘network controlling models’. This results 
in the following research questions: 

• What is the impact of the new ‘network controlling models’ on the costs? 
• What is the impact of the usage of CSP’s on costs? 

With the following goal: 

To take the CSP decision with all relevant information available and an understanding 
of the effects on all related costs in the Supply Chain 

 

This way the financial department wants to guarantee that the decisions regarding the CSP 
network design are taken as correctly as possible and their financial effects are as complete 
as possible. 

3.4 End Goal and Deliverables 
For Akzo Nobel as a company, next to answers to these research questions, there is also a 
need for the creation of a simulation/presentation tool. Because as mentioned, planning 
needs to be able to have all relevant information regarding the CSP decision quickly and 
efficiently. They do not have the resources to investigate effects outside of their function and 
thus need help in the form of a tool somehow. Therefore the need for a tool that provides this 
information exists, the need for a tool that can be used by planning to simulate and 
investigate the effects of a CSP decision on the entire Supply Chain (SC) of Akzo Nobel.  

The tool will also have a presentational character, meaning that it should not be able to just 
calculate and optimize the SC given the research questions. It should also be able to present 
these results in a way that it can be used to persuade and inform people of other functional 
areas. 

This thus translates to a tool with the following requirements and deliverables: 
• A general tool that can quickly calculate the effect of a specific CSP decision on all 

functional areas. 
• A tool which can be used to present results to people of all areas of the company. 
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4. Akzo Nobel Structure 

In section 3 the problem considered in this thesis has been described. Also a number of 
times it was mentioned that the problem is caused by different functionalities and levels in 
Akzo Nobel, causing a mismatch between responsibility and accountability. Furthermore that 
this division between functionalities and levels can have an effect on the decision making 
power of these different levels in Akzo Nobel. The CSP decision that is now being 
investigated is a good example of this  

Therefore one section will now be devoted to explaining the structure of Akzo Nobel and the 
different split-ups between levels and functionalities that have been made in the company. 
This will allow the reader to better understand the cause and complexity of the problem and 
why certain mechanisms need to be in place, before the right decision is taken by the right 
functionality. 

4.1 Division structure 
Akzo Nobel is a worldwide company and is comprised of a number of divisions. The division 
in question here is Akzo Nobel Decorative Coatings, or Akzo Deco. Next to deco there are 
several other divisions: Powder coatings, specialty coatings and wood refinishes. In this 
paper though, just Akzo Nobel decorative paintings is taken under consideration. 

Akzo Nobel decorative coatings makes paints that are used around the house, either by the 
consumer directly or by a specialty painter who is contracted to paint for example your house. 
The range differs from final colour coatings to white wall paints both for internal and external 
use. 

This division split-up has no effect on the CSP decision process and is just presented to 
explain more of the detail of Akzo Nobel. 

4.2 Regional structure 
Within every division of Akzo, there are multiple levels of regional split ups. Within Akzo 
Nobel Deco, the division is split up in different regions, the first region is comprised of the 
two American continents, the second one is Europe, Middle East and Africa (EMEA) and the 
final region is Asia. Under consideration in this paper is the EMEA region. 

This is for the CSP a logical split-up that does not create any complexity regarding decision 
making, because there is very little movement between the regions. Meaning that the flows 
between EMEA and the other regions are so small, they are not relevant to discuss. 
Therefore all flows stay within EMEA and no inter regional responsibilities or accountabilities 
need to be taken into account. 

4.3 Legal structure 
The scope in this thesis has been defined as Europe and Africa Decorative paints (EMEA 
Deco). Within this structure however, there are more split ups that have to be considered for 
defining the problem within Akzo Nobel. 
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First the legal structure split up, within Akzo Nobel Deco EMEA, every country is its own 
legal entity. So for example, when Akzo Deco the Netherlands sells a pot of paint to Akzo 
Deco Belgium, all legal requirements that are imposed on every Business to Business sale 
are imposed here as well. Thus defining the first legal entity split up within Akzo Nobel Deco. 
 
The second legal entity split up within Akzo Deco EMEA is the split up between Supply 
Chain (SC) and the External Business (EB). The definition of SC is the entire process from 
procurement to production to warehouse (as defined in section 5). The definition of EB on 
the other hand is the final transaction when the goods are sold from Akzo to a final customer. 
Included in this is also the entire customer care, possible rebates and return policies etc. The 
reason why this split between EB and SC has been made is to completely differentiate 
between the producing and selling part of the business. This way transparency in production 
costs and finally gross margin should be improved.  

For the CSP decision process, especially the first legal entity split is important. As mentioned 
before (section 3), this split-up means that every country has its own P&L and is only 
responsible for this P&L. Asking a country to hold stock for another country, will therefore 
never be supported from the local country level because this would have a negative impact 
on their P&L. Therefore the CSP decision needs to be taken at the European level. 

4.4 Functional/Reporting structure 
 
The reporting split up within Akzo Nobel largely follows the legal split-up: all countries are 
responsible for their own results. However, to reduce the complexity of the business process, 
Akzo Nobel works with different functionalities both at local country and central level. This 
means that the entire process is split-up in different groups that take decisions only 
respecting their own areas; furthermore they have their own reporting. The different 
functionalities present within Akzo Nobel: Procurement, Planning, Production, Logistics, 
Storage and finance. 
 
All of these different functionalities will thus have groups locally and centrally, and all 
reporting is split-up over these functionalities. Usually this creates great transparency 
because decisions are limited to a single functionality (and the responsibility is thus also 
carried within this functionality). However when decisions cross these functional borders, this 
can bring along added complexity as the organisation is not primarily set up to handle these 
decisions. 
 
The CSP decision is a perfect example of this: It is a decision that not affects 1 or 2 
functionalities, but all of them. This means that all functionalities should be involved in the 
decision taking and should be accountable for their specific part. Therefore the functional 
split-up creates a big complexity for the CSP decision. 
 
Conclusion: there are vertical split-ups in the hierarchy that have separate reporting and 
responsibilities. One functionality will always have to be chosen to take the lead in the CSP 
decision, but without creating clarity throughout all of them this functionality can never take 
the optimal decision (as first indicated by the FP&A team). This split-up thus creates an 
enormous complexity for the CSP decision. 
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4.5 Conclusion structure Akzo Nobel 
As this section shows, there are many split-ups within Akzo Nobel. They are designed to 
create more clarity and transparency within Akzo Nobel, and for the most decisions this is 
the case. However for the CSP network design decision, these split-ups limit the decision 
making power and actually create a mismatch between accountability and responsibility.  

Theoretically the CSP problem should be considered from a European Akzo Nobel 
perspective, because the decision that overall generates the most profit should be taken. 
However in practice there is an extra complexity in the form that it is impossible to not take 
into account the created split-ups. Different managers at different levels take their decisions 
according to the mentioned split-ups and will thus take these decisions sub-optimally.  

In the next two sections, first the CSP decision will be visited in more detail and then the 
impacts of the CSP decision will be discussed. In section 7 the functions will be revisited in 
more detail, explaining exactly which functionality takes which decision that has an impact in 
the CSP process. This order has been chosen because first the CSP process and its 
impacts need to be understood before the decisions in the multiple functionalities can be 
discussed.  
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5. Supply Chain Akzo Nobel 

The definition of Supply Chain (SC) within Akzo Nobel (AN) is the producing and distributing 
entity. So from procurement of raw materials throughout production up to moving the goods 
to the final warehouse, is all under the responsibility of SC. Selling and moving the goods to 
the customer from the final warehouse is not under the responsibility of SC. 

Akzo Nobel has designed its Supply Chain (SC) in a way that it consists of a combination of 
many production sites, multiple warehouses, and transport to link these locations together. 
Within this system of locations, a lot of different products, called SKU’s (Stock keeping unit) 
are made. The rule (90-10) is that every SKU is made in one single production site, and that 
this SKU is then distributed throughout Europe. Next to this, every country forms its own 
legal entity (so for the rule of law it is considered as a separate company) and has one 
warehouse that supplies this country. Summarizing: the movement of products can be 
described by the rule that every SKU originates of one point and is then distributed to all 
countries selling this SKU. 

 
Exhibit 1. Functionalities Akzo Nobel SC 

If this network were to consist of only 1 production site coupled with one or two warehouses. 
The task of optimizing the network could be completed analytically (Alvarez and van der 
Heijden, 2011), (Parker and Kapushiski, 2001). However, the SC of Akzo Nobel consists of many 
different locations (>20 production sites and >40 warehouses) located all over Europe. This 
adds a level of complexity which leaves a system that cannot be optimized analytically.  

Throughout the past, Akzo Nobel has therefore used fairly simple network rules that 
determine the flow of products; the CSP is now an addition to these rules to make the 
system more efficient. The exact workings and differences between the original rules and the 
CSP rules will be explained in section 5.2. 

5.1 Entities in the Supply Chain 
The network of Akzo Nobel consists out of two different types of nodes:  
 
Production sites 
There are about 20 production sites within the network of Akzo Nobel, located in 15 different 
countries within Europe and a couple within Africa. Between these production sites all the 
different SKU’s are manufactured. However not every production site makes every product, 
the general rule states that every product is only manufactured in one production plant 
(given a few exceptions). This has the consequence that if a product is sold in multiple 
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countries, it will have to be transported to these countries from the single production plant 
that manufactures the respective SKU. 

Warehouses 
Next to production sites, Akzo Nobel has about 45 warehouses throughout Europe and 
Africa. The warehouses are located in such a way that most countries have a single 
warehouse that is responsible for the sales in that country. There are a few exception based 
on country size/characteristics. This means that some bigger sized countries might have 
multiple warehouses, while smaller countries might have no warehouse(s). The general rule 
is however that every country handles the sales within that country using its own 
warehouse(s). 

Warehouses also function as an arrival platform for the production volume received 
internationally. Meaning that production that occurs in other countries, but that is destined for 
the country in question, will flow through the warehouse because production follows the rule 
‘produce to stock’. This creates efficiency in production and transport, but requires the 
receiving party to be a warehouse because it needs to ‘break the bulk’. Therefore production 
for other countries goes by transport to the warehouse in the receiving country, were you 
can break the big volume and store/ship appropriately to the customers in that country. 

5.2 Current Logistical System 
The current system is based on a number of rules: 

• Every product is ‘owned’ by a production site and only produced by that site 
(regardless of the ordering country) 

• Every Warehouse orders products from the ‘owning’ production site at their own 
discretion (but following centrally defined model) 

• Every Warehouse holds stock just to fulfill demand in their own country 
• The production site delivers the orders for a product directly to this warehouse 

This system drawn out for 2 products and a limited set of production sites and warehouses: 

 
Exhibit 2. Old Network Set-up 

One point to emphasise is that every warehouse orders following a centrally defined model, 
but that they still order at their own discretion if they think they should deviate from this 
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Belgium only sells product 1 
Germany sells only product 1 
France sells both products 
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model (because of reasons originating locally). So per warehouse the reorder point is 
determined independently from the other warehouses. This entails that every order is subject 
to the minimum order size at the production site (minimum order size is explained in section 
8). 

5.3 Central Stock Points Network 
The change to the central stock point system would mean that the system follows the 
following set of rules (instead of the old set of rules): 

• Every product is ‘owned’ by a production site and only produced by this site 
(regardless of the ordering country 

• Some countries can become central stock points for a certain product (central stock 
point decision made at product level) 

• These CSP’s order the product directly from the production plant and hold stock for 
themselves and all secondary warehouses that fall under their CSP (multiple CSP’s 
possible per product) 

• The Secondary warehouses order from their respective CSP, not the production site 
• The Secondary warehouses hold stock just for demand of their own country 
• The production site only delivers directly to final warehouses and CSP’s, not to 

secondary warehouses 

The picture below shows the same example as before, but now however Belgium will serve 
as a CSP for both the Netherlands and Germany for product 1. The differences are thus that 
the production site for product 1 (nothing changes for product 2) only delivers to France and 
Belgium. Next to that Belgium now holds stock not only for itself, but also for the Netherlands 
and Germany: 

 
Exhibit 3. CSP Network Set-up 

*Belgium serves as CSP for BE, NL and DE for product 1  
 

 

 

 

 

 

 

 

 

 

 

 

Production Site 1 produces product 1 
Production Site 2 produces product 2 
 
 

Netherlands sells both products 
Belgium only sells product 1 
Germany sells only product 1 
France sells both products 

 

Production 

Site 1 

Production 

Site 2 

Warehouse 
Netherlands 

secondary prod 1 

Warehouse 
Belgium CSP 

prod 1  

Warehouse 
Germany 

secondary prod 1 

Warehouse 

France 



  20 
 

Again every warehouse orders at its own discrepancy. But the secondary warehouses now 
order from its CSP, and not from the production site. That means that they are no longer 
dependent on the minimum batch size that is applicable at the production site. 
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6. Different impacts CSP decision 

In this chapter the theoretical impacts of changing between the original system set-up and 
the central stock point set-up will be discussed (Ganeshan 1999). This creates more 
understanding of the different functions and mechanisms underlying the CSP decision. This 
is necessary to understand the later to be explained model (section 9). The impacts will be 
split up in the following metrics: storage, transport, handling and financial impacts. 

6.1 Amount of storage kept 
The use of central stock points can diminish the total amount of stock kept on a European 
level because it combines safety stocks at one warehouses causing a lower coefficient of 
variance at the CSP (Abdi, 2010), (Montgomery and Runger, 2007). The stock in the system 
namely consists of two different kinds of stock, normal stock and safety stock. Normal stock 
is kept to supply the regular demand, safety stock is the stock that makes sure a warehouse 
does not run out-of-stock during the replenish period (the time its production order is 
outstanding) (Karsten et al 2009) (van der Heijden et al 2010).  

For the normal stock, the CSP decision should have no effect, because normal stock levels 
are simply a consequence of the models and rules enforced regarding stocks. During this 
project these rules will also be taken into account and reviewed, but the CSP decision 
should not affect the amount of normal stock at the secondary DCs. 

For the safety stock, the CSP decision does have an effect: the CSP set up combines 
demands from multiple countries, so the coefficient of variation can be diminished, and this 
decreases the absolute amount of safety stock on a European level (Montgomery and Runger, 
2007). On a country level: the CSP will increase its safety stock while the secondary 
countries will diminish their safety stock, but because of the explained effect the increase at 
the CSP should be smaller that the decrease at the secondary warehouse (Silver et al, 1998).  

A second effect is that the when ordering from a production plant, the ordering party is 
subject to a minimum order size, meaning that they cannot order less then this minimum 
amount (linked to minimum production quantities). In the original system, every warehouse 
has this minimum order size as they all order from the production plant independently. 
However, when only the CSP orders from the production plant, the secondary warehouses 
will not be subject to the minimal batch size constraint. This because the secondary 
warehouse orders directly from the central stock point that does not enforce this constraint. 
This should cause the average oversupplying of these DCs and thus their average normal 
stock levels to go down. 

6.2 Transported volumes 
Because the storage locations and amounts will change, the transported amounts will also 
change (Sendera, Clausena, 2011), (Sender, Clausen, 2013). The volume moved between the 
production site and the CSP greatly increases, just like the moved volume between the CSP 
and the secondary warehouses. On the other hand the transported volume between the 
production site and the secondary warehouses reduces to zero.   
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This is important because the amount moved over certain lanes also directly determines the 
price of transport. For example moving big regular volumes is cheaper then moving 
unpredictable small volumes. Also some specific routes might be cheaper than others 
depending on many financial factors outside of the environment of Akzo Nobel. It is therefore 
hard to predict an effect on this metric, but because of the significant changes it is very 
important to monitor and take this effect into account.  

6.3 Handled Volumes 
The definition of handling volumes is that every time when a product enters or leaves a 
warehouse, a certain amount of costs is incurred. This originates from the fact that this 
movement will require an operator that manually moving the goods. Therefore all 
movements create costs, given that the CSP has an effect on the numbers of movements, 
this is an important metric to monitor.  

Using a CSP means that all volumes are handled twice instead of once: the volumes are not 
just handled at production site, but once at the production site and once at the CSP. This will 
create extra costs because the standard Akzo Nobel logistics contract determines a pay per 
activity. Meaning that certain amounts (dependent per country), will have to be paid for every 
pallet that is handled. So when all the movements are doubled, their costs will also double.  

6.4 Financial impact 
Financially the following effects might occur and will be investigated.  

Operating Working Capital (OWC) 
The use of CSP’s will have an impact on the amount of stock kept. Because the amount of 
stock kept is a direct representation of the operating expenses made to actually create this 
stock, its value is the best base for the operating working capital. Because CSP will 
theoretically decrease the total amount of stock that will be in the system, it will thus also 
decrease the cash conversion cycle and thus the OWC (Gill et al. 2010). 

 
Transport and warehousing tariffs 
Because of the use of CSP’s, the amount of storage and transport in certain 
warehouses/lanes, will either increase or decrease. This can cause the tariffs used (either 
storage per pallet or transport per litre) to change. So if the volumes that are moved are 
substantial, then this should be added in the model that calculates the logistical costs. 
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7. Functionalities 

Next to the legal and reporting split up, because of the size of Akzo Nobel, there are also 
functional split ups (as explained in section 5). In this section they will be described in more 
detail. 

7.1 Production 

7.1.1 Production allocation 

Akzo Nobel has many different production sites across the different countries. As mentioned 
before, Akzo Nobel Deco works with a preferred producer system, meaning that all SKU’s 
are manufactured only at one specific production location. Thus all countries selling this 
specific product, need to import it from this production site that ‘owns’ the SKU.  

The way these products are allocated to the production sites, is managed on a combination 
of local and central level. On a central level there is a sourcing board consisting of multiple 
functionalities, that take decisions on were to produce which SKU. However their decisions 
are combined with local efforts were local npi (new product introduction) managers actually 
try to either attract or repel new production volumes.  

The production location is important, as it determines a number of other variables that 
influence the outcome of the CSP question. In this thesis the current production location for 
all SKU’s is taken as fixed. 

7.1.2 Production process 

A short description of the actual production process: Making paint is a 2 stage batch process. 
First the raw goods (which are all bought by procurement) are mixed to make a range of 
Semi Finished goods (SEFI’s). From every SEFI, a range of actual finished products can be 
made. This constitutes the second stage of the 2 stage batch process, which in practice is 
adding specific colours to the SEFI and filling the batched SEFI’s in cans fit for sale.  

This 2 stage batch process is designed to make delayed diversification possible in the 
production process. When making paints this can have big benefits because of the many 
different colours produced. This however also makes the production process, a batch 
process to realize size advantages. Therefore the production plants work with (depending on 
the specific site) a specific minimum amount of produced litres of paint per batch. 

Next to this the costs of producing the paint is calculated per litre and is known per 
production site. Because of different complicating factors (R&D influence and supplier 
contact), it is not possible to estimate the costs of the same product in another production 
plant.  

Therefore the production functionality leaves us with two factors that need to be taken into 
account at production site level: 

- There is a minimum batch size which needs to be considered at a production site 
level 
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- There is a fixed production location per SKU that also immediately entails a fixed 
production costs 

7.2. Planning 
Within the production plant, the producing functionality is responsible for producing the 
requested paint as cheaply as possible according to the recipe. However which paint is 
made at which sequence is a different responsibility, namely the responsibility of planning. 
This is defined as a separate functionality because making paint is a batch process with a lot 
of interdependencies: The actual time in production is a matter of hours, but because of the 
interdependencies the whole sequence can take up to half of a week. This is caused 
because the different stages have some waiting time in between, and furthermore the 
different batches which are in progress at any given moment occupy limited resources, so 
they influence the through put time of all the batches in the production system (Silver et al, 
1998), (Kulkarni, 1999). Because of this specialist knowledge required to optimally decide on 
the planning, this has been defined as a specific functionality.  

The process of planning is built on the Material Resource Planning system (MRP) in SAP. 
This program calculates an automatic order, which is then checked and adjusted by a local 
(on production site level) planner. Per plant it differs how long ahead of the actual production 
the planning is fixed. Meaning that a given moment before the start of the production, a 
planner fixes the production planning and nothing can be changed any more. This moment is 
crucial for the CSP decision because it drives the lead time that a warehouse ordering at the 
production site needs to consider (explained in section 9).  

Because production planning has visibility and accountability on production output, the 
decision was taken that they should be responsible for stock amounts in the final 
warehouses. Meaning that the planning functionality decides on the models and rules used 
to calculate these amounts. For this reason they have also the power to override orders from 
warehouses, actually anticipating them or postponing them if the situation calls for it (in 
cooperation with local level). Within the network of Akzo Nobel, the original orders come 
from the warehouse; however they should follow the logic set out by planning. The reason 
why the orders are still originating from the local warehouses is that they can use their local 
expertise to deviate from the central models if necessary (in cooperation with planning). The 
logic behind the models and rules set out by planning will be explained in section 7.2.1. 

The important point from the production planning is that it determines on a production plant 
level the fixed production lead time, which can thus differ per production plant. Furthermore 
based on these lead times and production moments (which are based on rules), normal 
stock and safety stock amounts are determined and maintained by planning. 

7.2.1 Stock rules 

In the previous section, the work of the production planning has been described and that 
they are the functionality that determines the models that are the base for the stock 
calculation in SAP. This section will be devoted on describing the current stock management 
rules, and the need for new rules in the new CSP set-up. 
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The current set-up of the Sap system is one that is based on days of coverage. It works in a 
way that there is a statistical forecast module, which predicts the demand on a daily level 
and on a SKU/Warehouse combination. Based on this forecast, the system can then 
calculate the stock levels (the system takes current levels and start subtracting day by day 
the forecast). This way the system can calculate when, according to the forecast, a 
warehouse will run out-of-stock. To counteract this, the system decided when new products 
need to arrive, thus when they need to be shipped and when to be produced.  

The rules, on which these decisions are made in Sap, are as mentioned based on days of 
coverage. So for example, for a specific product the minimum days of coverage are 10, while 
the maximum is 30. This then gives a situation where the Sap system will order the new 
products in such a way, that they will arrive when there is exactly 10 days of stock left in the 
warehouse, and the delivery will consist of 20 days of stock (all based on the sales forecast).  

The downside of the current stock rules is that these two metrics (min and max days of 
coverage) are fixed. They are not being monitored and are not subject to a stock calculation 
to see if they are optimal. Furthermore there is no check to make sure that they remain 
optimal in a changing environment. For the CSP network therefore, there needs to be a 
model that calculates the new safety and normal stock amounts in a dynamic way that takes 
into account lead times, demand and forecast variability. In section 9 the model and these 
new to be designed rules will be discussed. 

7.2.2 Logistical Hubs 

Logistical hubs are not directly a function, logistical hubs refer to the way a production plant 
and its immediately connecting DC is set-up. It is a specific phenomenon that can influence 
the CSP decision. 

The standard case for a country is that within a country there is one warehouse and possibly 
a production site. The warehouse will receive all of the domestic orientated production from 
the production site in the country. So all the paint that is destined for the domestic market, is 
loaded in trucks and shipped directly to this DC. However all internationally sold products 
that are produced in this same country, are not shipped to this country DC, but go directly 
from the production site to the warehouse in the country the production is destined for. 

However a couple of production sites within Europe still have their own warehouse on the 
same location as the production site. This often means that it is in the same building, so all 
production automatically is taken into this warehouse, and needs to be taken out before it is 
shipped again. This then has the advantage that for the domestic market there is no extra 
movement from production to warehouse (for ICD this does not mean any changes). This 
situation of one location for production and warehouse is called a logistical hub, because the 
local warehouse already has all of the produced goods of the country moving through it. 

For the central stock point decision, the logistical hubs can play a big role. Because a local 
warehouse that will function as a CSP, will have extra stock and all the products will be 
moved twice instead of once (so instead of production to warehouse, it will be production to 
CSP to secondary warehouse). However logistical hubs that serve as a CSP with the 
production in their own country have an advantage. Because in this situation there is no 
extra material movement, only the extra storage costs. Therefore this phenomenon is 
mentioned here and will be taken into account in the rest of this thesis. 
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7.3 Distribution 

7.3.1 Transport Production to warehouse (DC) 

After production, the products are distributed to their appointed DCs. Because production is 
a batch process, all volumes are big enough that this distribution can be easily regulated in 
full truck loads. From the production site, transport will be directed to all the ordering DCs. 
So every DC which is ordering a specific product will get it delivered directly from its 
producing plant. 

This distribution can thus mean within country movement, or a cross border movement. The 
rules relating these processes, is that it is not allowed to cluster movements. So in other 
words, produced goods should be shipped as soon as possible. This is done because 
production sites do not have big storage areas and are not set-up to handle big stored 
volumes.  

For the total trade off regarding CSP this is an important functionality because the CSP 
decision will affect the volumes moved over the different lanes. In the section 9 it will be 
shown how this affects the costs. 

7.3.2 Warehouse costing 

After distribution to the warehouse, different activities need to be completed. First the 
incoming pallets need to be entered into the warehouse. Which entails taking them out of the 
truck and putting them on an intake area, secondly these pallets are moved to their assigned 
storage locations within the warehouse.  

After storage, when these products are sold to the customer, they will usually be sold 
together with multiple other SKU’s (for example in the Netherlands a big retail store will order 
many different SKU’s in one go). Therefore within the warehouses these products need to be 
taken from their respective pallets (in smaller units/quantities) and will be combined into a 
different pallet. Finally they need to be packed and moved back into a truck for transport to 
the customer. 

Currently within Akzo Nobel, warehouses and the described activities are being outsourced 
at a quick rate. At this point most warehouses are already outsourced, but the ones that 
aren’t yet, will be so in the next years. For this project that makes the analysis easier, mainly 
because all these outsourced warehouses work on contracts that have been standardized 
throughout Europe and work on activity costing. This means that Akzo Nobel only pays per 
activity, paying a fixed amount per activity performed.  

Next to similar activities in all warehouses, Akzo Nobel is also ensuring similar contracts with 
fixed rates per activity defined on a warehouse level. For example the intake of a pallet, this 
will have a given rate. So although rates may differ per country, the activity definitions are 
the same. This creates the possibility to create one model that simulates the warehousing 
costs based on the activities mentioned above. In section 9 it will be shown how the intake 
and storage activities will be modelled to show the total costs. 
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7.3.3 Warehouse (DC) to customer 

Distribution to customer is also being outsourced as much as possible and is influenced 
heavily by order size (pallet/parcel etc.)  But for this thesis it is a functionality that is out of 
scope. Specific customers are delivered from specific locations (fixed because of geographic 
reasons), so these costs are not influenced by the network design decision. 

7.4 Conclusion decision making Akzo Nobel 
All these different split ups in reporting and functional structures in Akzo Nobel, currently 
lead to a situation were different decisions are made without the full knowledge of the full 
situation and thus the full outcome of the decision. 

Regarding the CSP, the following metrics are important and for the following reasons: 

• Demand forecast and forecast accuracy 
o The forecast accuracy of the production planning compared to the real sales 

is the source of variability 
• Production planning 

o The time production orders are fixed in advance is important because it drives 
the majority of the lead time observed in the system 

o The minimum order size that is determined by planning is important because 
if negatively influences the storage amounts 

• Transport 
o Transport has fixed rules and frameworks regarding how costs are 

determined, these are less a decision variable, but do need to be taken into 
account in the total outcome 

• Warehousing 
o Again fixed rules and framework, and it is important to take their costs in 

different situations into account 
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8. Leading Function 

As mentioned before, because of the split-ups in functionalities and hierarchical levels in 
Akzo Nobel, it is a complicated decision to set-up a responsibility for the CSP decision. The 
requirements for the function/group leading are: 

- A European view and an accountability that lies in parallel with choosing the optimal 
solution for the entire region. 

- A responsibility and accountability to choose the optimal solution taking into account 
all metrics involved. 

 Within Akzo Nobel the choice has been made to give this responsibility to production 
planning on a central level. This because the decisions made by the central planning 
department have the biggest impact on the process.  

From the point of view of the sponsor of this project (the FP&A team), the cooperation 
between the central planning and all of the other departments/functionalities is crucial. 
Because even though the decisions made by the planning function are the most important, it 
has been shown in section 6 that the other functionalities also have impacts on the CSP 
decision. Therefore all the decisions taken throughout the process need to be aligned. To 
complete this all levels/functionalities need to be aligned and informed. If not, a local level 
functionality might take a decision that is not aligned with the CSP decision and this can 
result in sub optimal outcomes. For the FP&A team this is one of the crucial points, what are 
all the effects of the different decisions taken? This also means that all relevant parties need 
to be aligned and informed on this. 

8.1 Cooperation with local planning teams 
Currently the safety stock level are not dynamic, but are fixed (the min/max days coverage 
rule), therefore at this moment there is no cooperation between functionalities to maintain 
them.  

However as discussed in section 7, it will be necessary to set-up a more dynamic stock rule, 
to make sure that stock levels match actual forecast accuracy variances and lead times. This 
however means that information regarding safety stocks and order sizes/lead times needs to 
be gathered. Currently, at a central level, there is no system in place to gather the necessary 
information. This because all the information is dispersed and on a local level, for example: 
Germany has the data regarding stock for Germany and the Netherlands has this same data 
for the Dutch market. Therefore Germany (if there would be a decision that is should serve 
as a CSP for the Netherlands) cannot do the necessary calculation to decide on optimal 
levels for the Netherlands.  

The first cooperation that is necessary is therefore central planning with local planning. 
Central planning needs to make sure that secondary warehouse and CSP’s are informed 
about the different metrics that effect the decisions both have to take. 
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8.2 Cooperation with central forecasting team 
Another step which should be taken in the decision process is the inclusion of the forecast 
inaccuracy. The demand variability is the main driver of the forecast inaccuracy, and in turn 
thus the driver of the safety stock. At this point the minimum days of coverage has been 
determined in the past on a local level without taking the real forecast inaccuracy into 
account. Therefore one extra point to consider is that forecast inaccuracy should be taken 
into account when determining the safety stock (currently and in the future) at a central level.  

This thus needs an alignment because the forecast and forecast inaccuracy is calculated 
centrally. This is done by a specialized department within planning centrally, however again 
planning centrally needs to make sure that locally the planning teams know the necessary 
forecast inaccuracy so that they are aware of their safety stock levels that are managed by 
the central department. Thus meaning that at a local and central level, the planning teams 
should continuously harmonise their decisions and information.  

8.3 Cooperation with the logistical functionality 
At this point in time, the strategy of logistics is the outsourcing of warehouses and 
transportation. Secondly to structure them as much as possible into centrally determined 
contracts that allows comparing one to another. For this thesis therefore this is the situation 
that will be considered as a basis (so outsourced transport and not in sourced). 

Because of the CSP change, lane occupancies can change dramatically. Because if a 
warehouse will serve as a CSP, this means that certain lanes will not be used anymore while 
others will receive significant extra volume. In logistics extra volume can mean different 
transportation tariffs do to size advantages. To make sure the right decisions are taken, 
cooperation between logistics centrally and planning centrally should be set-up, so that tariff 
changes can always be taken into account in the CSP decision process. 

8.4 Cooperation with financial department centrally and locally 
Next to these different challenges, the financial angle also needs to be incorporated in the 
production planning decision regarding the CSP (as explained before the FP&A team was 
entity which initiated the research). Therefore the different information streams considered 
above need to be gathered and used to calculate OWC, and this needs to be incorporated in 
the final trade-off. Also because of this renewed view of the logistical metrics and a new 
model regarding the total logistical costs per country. It is the wish of the financial 
department that there will be some method to flag big changes in dependencies on different 
tariffs in different countries. So for example if it is decided that a country will be elected as a 
CSP and thus exhibits a big rise in the dependency of its storage tariffs, an investigation to 
the stability of the contract and this tariff should be conducted. In this central CSP process 
there should be thus a way to flag changes and especially increases in certain tariff 
dependencies. Thus a good cooperation between central and local finance is necessary. 

8.5 Conclusion Cooperation’s 
With this project the goal is to create models on a central level that enable the flow of 
information across borders, levels and functionalities. So that the responsible function can 
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perform an analysis based on all of the information (coming either from local or central level) 
and that all other levels/functionalities will be informed about this decision. The most 
important summarization of this section: 

• The data from local production planning from different countries on metrics like 
planning times and minimum batch sizes needs to be gathered and distributed 
accordingly 

• Standard models regarding the safety stock and normal stock need to be introduced 
• Forecast accuracy data needs to be gathered from central level and introduced in 

safety stock model 
• Logistical data from all countries in scope need to be gathered 
• Logistical models relating transport and warehousing need to be formulated based on 

the new European level contracts 
• OWC model needs to be included in all of these different setting 
• Tariff dependencies need to be discussed and flagged when dependencies are big or 

show large changes 
• All levels should be informed about all points above at all times 

 

 

 

 

 

 

 

 

 



  31 
 

9. Model description  

In previous sections, the internal structure of Akzo Nobel has been discussed, the current 
situation in the SC and the future situation with the CSP set-up. Finally, the links and bridges 
between departments that need to be made in the CSP project have also been discussed.  

The next step is therefore to discuss the different models for the as-is and the future 
situation. All of the different affected metrics will be revisited and the designed models with 
underlying assumptions will be discussed. Finally, the total difference between the as-is and 
future situation will be given. 

The model will work on separate modules that each calculates a different independent metric. 
Below a list will be given of all system settings and the models used for the different metrics 
in the different settings. 

1. No CSP basic models 
• Safety stock based on min/max coverage days 
• Normal stock based on min/max coverage days 
• Transport on the transport multiplier model 
• OWC based on storage 

2. No CSP network controlling models 
• Safety Stock based on s,Q model 
• Normal stock based on EOQ+ model 
• Transport on the transport multiplier model 
• OWC based on storage 

3. CSP with network controlling models 
• Safety Stock based on s,Q model 
• Normal stock based on EOQ+ model 
• Transport on the transport multiplier model 
• OWC based on storage 

For each of these elements the model and the assumptions it is built on will be presented. 
Then the different situations will be discussed if applicable. The new models will be 
described with the following term: network controlling models. 

9.1 Safety Storage 
First, the concept of safety storage: safety stock is the amount of stock that a warehouse 
keeps to make sure it does not go out-of-stock in the period that the order is being 
processed and delivered (de Kok 2005). So, for example, a warehouse places an order on 
Tuesday, to be resupplied on Friday of the same week. The stock is expected (according to 
forecast) to be at a given level on Friday (usually not zero). If the demand during these three 
days would be higher than expected, this would result in an out-of-stock situation. The safety 
stock is the stock that is there to fulfill demand that is over the expectation, thus to prevent 
an out-of-stock situation. 
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9.1.1 As – Is situation 

In the as is situation, stock is being governed with a minimum day and maximum day 
coverage rules. Meaning that the order pattern is in such a way that the stock fluctuates in a 
saw tooth motion between this minimum and maximum day coverage situation: 

 
Exhibit 4. Stock amount over time in min/max day coverage model 

In this case for example it fluctuates between 30 and 10 days of stock, with thus an average 
at 20 days of stock. The average demand per day will thus determine the average stock 
position. 

With this model the safety stock is calculated in the following way, it is the minimum days of 
coverage which is a fixed parameter in the system. This because the minimum days of 
coverage is the demand that is in stock to counteract any unexpected demand during the 
ordering period (the picture above is for the expected stock levels during the cycle). The 
calculation is therefore is as follows: 

𝑆𝑆𝑖,𝑗 = 𝑀𝐷𝑆𝑖,𝑗 ∗ 𝐴𝐷𝐷𝑖,𝑗 ∗ 𝑃𝑃𝑖,𝑗 

*All definitions of variables can be found in appendix 1. 
 

𝑆𝑆𝑖,𝑗 = 𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑝𝑒𝑟 𝑆𝐾𝑈 𝑖 𝑝𝑒𝑟 𝐷𝐶 𝑗 (𝐸𝑢𝑟𝑜) 
𝑀𝐷𝑆𝑖,𝑗 = 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑑𝑎𝑦𝑠 𝑜𝑓 𝑠𝑡𝑜𝑐𝑘 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑑𝑎𝑦𝑠)  

𝐴𝐷𝐷𝑖,𝑗 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦𝑑 𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑝𝑖𝑒𝑐𝑒𝑠) 

𝑃𝑃𝑖,𝑗 = 𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝐸𝑢𝑟𝑜) 
 
This formula gives the safety stock in euro’s for the product in question at the warehouse in 
question for the as-is situation. 

9.1.2 Safety stock for the as-is situation with network controlling models 
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As explained in former sections, the safety stock is stock that is kept to account for 
uncertainty in the demand while ordering. This should thus take into account different 
variability’s of the product, such as order time and demand variability. Because the current 
model uses a fixed amount of safety stock, it does not leave the adequate out-of-stock 
possibility or have on average too much stock. Normally, the model is constructed in such a 
way that the model owner chooses the out-of-stock possibility that is acceptable for the 
business in question. Afterwards the model uses this input to calculate the necessary safety 
stock to achieve this goal. To make sure this is now possible and to make sure that all 
adequate variability’s are taken into account, a new model will be used. The new model will 
be the safety stock model presented in (de kok 2005), but then with a slight variation. The 
variation will be in using the forecast inaccuracy as the main source of variance instead of 
the demand variation. Because the calculation of the safety stock is an important part of the 
model, the next section will go over the different aspects of the safety stock model and the 
variation used in this thesis. 

In (de kok 2005), a safety stock model is presented that assumes normal distributed demand 
and uses this to guarantee a certain OTIF level. In Akzo Nobel this is similar, but there is a 
difference because the planning department already anticipates order and delivery moments 
with a forecast. Therefore it is not just the variability of the demand that has to be taken into 
account, but the forecast inaccuracy. The lead time variability will not be taken into account 
because in Akzo Nobel the production and transportation lead times are very stable. The 
differences will be explained in further detail.  

In the article (de Kok 2005), it is proven that having a specific amount of stock, guarantees 
the level of OTIF. The formula used to prove this: 

𝑆𝑆𝑖𝑗 = 𝐸�𝐷(0, 𝐿]� +  𝑘𝜎(𝐷(0, 𝐿]) 
 

𝑆𝑆𝑖𝑗 = 𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑝𝑒𝑟 𝑆𝐾𝑈 𝑖 𝑝𝑒𝑟 𝐷𝐶 𝑗 (𝐸𝑢𝑟𝑜) 
𝐸�𝐷(0,𝐿]� = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 (𝑝𝑖𝑒𝑐𝑒𝑠) 

𝑘 = 𝑠𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑓𝑎𝑐𝑡𝑜𝑟 
𝜎(𝐷(0, 𝐿]) = 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑚𝑎𝑛𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 (𝑝𝑖𝑒𝑐𝑒𝑠) 

 
This formula takes the expected demand during the lead time and adds a certain safety 
stock, of which the height is determined by the safety stock factor (see next paragraph). This 
extra safety stock is the actual stock that guarantees a maximum out-of-stock percentage. 
 
Safety Stock factor 
The safety stock factor is a factor which is directly linked to the required OTIF level, and can 
thus be read from an existing table. In this thesis, an OTIF requirement of 95% and its 
accompanying safety stock factor is taken. In reality the OTIF demanded by Akzo Nobel 
differs per country, however this unnecessarily complicated the model and in future steps the 
model can be easily expanded to incorporate the differences in OTIF (and thus safety stock 
factors) per country. In this thesis there will therefore be one safety stock factor used for all 
countries. 

Expected demand during lead time 
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The expected demand during the lead time is available within Akzo Nobel. Within the MRP 
system there is a complete history of sales data and also a module that forecasts the future 
sales. This input will be used as the expected sales during the lead time. 

Lead time 
The lead time depends on if the plant that the products are coming from is a CSP (thus a DC) 
or a production site: 

Firstly each production site has a fixed planning lead time: Meaning that production times 
are fixed a certain amount of weeks before the actual production moment. This amount of 
time is furthermore fixed per production site. This therefore determines the lead time if the 
specific case considers a production site. For example, a production site that fixes the 
production planning 6 weeks before actually starting production, causes ordering 
warehouses a lead time of 6 weeks (the time in which the production plant cannot respond to 
any emergencies anymore). 

Secondly, a secondary warehouse doesn’t receive its products from a production site, but 
from a CSP. At that point the ‘fixed production lead time’ is replaced by a picking lead time 
(the picking lead time is defined as the time it takes a CSP to respond to a received order). 
The lead time for this is determined at one day regardless the warehouse or its location, thus 
greatly diminishing this part of the lead time when comparing to a production site. 

Next to the fixed planning lead time in the production plant or in the CSP, there will be a lead 
time for transport. Here again the standardization in logistics within Europe helpful to this 
research. Because this standardization means that by far most routes take 3 days to 
complete (while some routes for the extremes of Europe, take 5). To calculate the total lead 
time the production lead time and transport lead time need to be summed. 

As mentioned, the last step is adding the lead times (always in full days) up to create the 
total Lead time: 

𝐿𝐷𝐶 = 𝐿𝑝 + 𝐿𝑇𝐴−𝐵 

𝐿𝐷𝐶 = 𝑇𝑜𝑡𝑎𝑙 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝐷𝐶 (𝑑𝑎𝑦𝑠) 
𝐿𝑝 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 𝑎𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑝𝑙𝑎𝑛𝑡 𝑝 (𝑑𝑎𝑦𝑠) 

𝐿𝑇𝐴−𝐵 = 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 𝑓𝑟𝑜𝑚 𝑝𝑙𝑎𝑛𝑡 𝑎 𝑡𝑜 𝑝𝑙𝑎𝑡𝑛 𝑏 (𝑑𝑎𝑦𝑠) 

Forecast inaccuracy during lead time 
The forecast inaccuracy is determined by using the under forecast. Meaning the amount that 
the forecast of a certain SKU is wrong, being lower than the actual demand. This is done 
using the following formula: 

𝑓𝑐𝑖𝑖,𝑗 = 1 −
|max (𝑑𝑖,𝑗𝑡1−𝑡2 − 𝑡𝑓𝑎𝑖,𝑗𝑡1−𝑡2, 0)|

𝑑𝑖,𝑗𝑡1−𝑡2
 

𝑓𝑐𝑖𝑖,𝑗 = 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡 𝑖𝑛𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑜𝑓 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (%) 
𝑑𝑖,𝑗𝑡1−𝑡2 = 𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑖𝑚𝑒 𝑡1 𝑎𝑛𝑑 𝑡2 (𝑝𝑖𝑒𝑐𝑒𝑠) 

𝑡𝑓𝑎𝑖,𝑗𝑡1−𝑡2 = 𝑇𝑜𝑡𝑎𝑙 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑎𝑚𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑖𝑚𝑒 𝑡1 𝑎𝑛𝑑 𝑔2 (𝑝𝑖𝑒𝑐𝑒𝑠) 

The demand and forecast assessment is done on a DC/SKU level over a certain time period. 
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This forecast inaccuracy can thus be used to determine how many pieces on average a 
forecasted amount will be too low. Only the under forecast is considered, because an over 
forecast causes no problem considering the safety stock. This because when over 
forecasting the actual demand, there will be more stock then necessary and the OTIF level 
will thus be achieved. However this again stresses the importance of cooperation with the 
planning group, because a bad forecast will impact the CSP systems advantages negatively. 

This metric has to be calculated over the specific time period it is considering, in this case 
the total lead time. However for simplicity it has been decided within Akzo Nobel to consider 
one average forecast inaccuracy. It is calculated with the above formula for the different 
SKU’s and then taking the average of all SKU/DC combinations. This way a separate 
research can be done for the affect of the forecast inaccuracy, while now stabilizing the 
effect on the safety stock. 

The final variability calculation then comes down to the following formula: 

𝜎(𝐷(0, 𝐿]) = �(
𝑓𝑐𝑖𝑎

2
∗ 𝐴𝐷𝐷𝑖,𝑗)2 ∗ 𝐿𝑗 

𝜎(𝐷(0, 𝐿]) = 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑚𝑎𝑛𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 (𝑝𝑖𝑒𝑐𝑒𝑠) 
𝑓𝑐𝑖𝑎 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡 𝑖𝑛𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 (%) 

∗ 𝐴𝐷𝐷𝑖,𝑗 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑠𝑘𝑢 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑝𝑖𝑒𝑐𝑒𝑠) 
𝐿𝑗 =  𝑡𝑜𝑡𝑎𝑙 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝐷𝐶 𝑗 (𝐷𝑎𝑦𝑠) 

 

This formula constitutes converting a normal distributed figure from a daily level into one for 
the given total lead time. However within this formula a variation has been made when 
comparing to the formula presented in the literature (de Kok 2005). In the literature, the 
variation is not calculated based on the forecast inaccuracy, but on the daily principal 
variation of the demand. Because in Akzo Nobel this is already considered in the forecast 
inaccuracy, the correct calculation is to take the forecast inaccuracy as a base instead. 

Pallet conversion 
For all storage amounts, up to now a piece calculation has been shown. However as 
mentioned before, all activities in DCs are calculated at a pallet level. Therefore for all 
storage amounts, to go from pieces to a storage costs, a conversion to pallets needs to be 
performed: 

𝑆𝐶 = 𝑅𝑜𝑢𝑛𝑑𝑢𝑝 �𝑆𝑡𝑜𝑟𝑒𝑑
𝑎𝑚𝑜𝑢𝑛𝑡
𝑃𝐶𝑖

� ∗ 𝑆𝐶𝑃𝑌𝑗 

𝑆𝐶 = 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡𝑠 (𝑒𝑢𝑟𝑜) 
𝑃𝐶𝑖 = 𝑃𝑖𝑒𝑐𝑒𝑠 𝑜𝑛 𝑎 𝑝𝑎𝑙𝑙𝑒𝑡 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑝𝑖𝑒𝑐𝑒𝑠) 

𝑆𝐶𝑃𝑌𝑗 = 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡𝑠 𝑝𝑒𝑟 𝑝𝑎𝑙𝑙𝑒𝑡 𝑓𝑜𝑟 𝑓𝑢𝑙𝑙 𝑦𝑒𝑎𝑟 𝑎𝑡 𝐷𝐶 𝑗 (𝐸𝑢𝑟𝑜) 

Conclusion safety stock as-is 
Combining all the steps and formula’s mentioned above, one can calculate the value of the 
safety stock in the as-is situation with the new network controlling rules 
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9.1.3 Safety stock CSP with new network controlling rules 

For this section, the differences per metric will be discussed. 

 For the lead time nothing changes, the CSP still orders its products directly from the 
production site and therefore experiences exactly the same lead time as in the current 
system. However the demand on which everything is calculated changes. This because the 
CSP will not only keep stock for the sales in their own country, they will keep stock for all 
countries that fall under the CSP. This means that the amount of stock that needs to be kept 
in the CSP increases with regard to the old system. The way to calculate the safety stock is 
still with the models discussed in the previous section. However the demand and demand 
forecast for all of the countries included in the CSP should now simply be added up and 
these are the metrics that should be used in the different formulas. 

What is worth mentioning is the variation pooling effect (Zinn et al. 2000): This effect will occur 
when safety stock for the production lead time is not kept at all secondary warehouses 
separately, but when the CSP holds this safety stock for all secondary warehouses. Meaning 
that combining the demand for all the warehouses, will decrease the absolute size of the 
safety stock. For example, if there are 2 warehouses each with a normal daily demand of 10, 
there is a need for 3 pieces of safety stock for a week at each warehouse. However having 
the combined demand in one warehouse (so 20), can for example call for just 5 pieces of 
safety stock (so not 3+3, but just 5). Practically speaking this is explained that the under 
forecast in one DC might upset the over forecast in the other. Or having 2 out-of-stocks of 
the two different original warehouses at the same time is a lot more unlikely, which would be 
necessary to get an out-of-stock situation at the new CSP 

Conclusion safety stock CSP system 
Calculating the safety stock in the CSP system will follow the same new network controlling 
rules as in the old system, but because of the variation pooling effect, the expectation is that 
in total the safety stock amount will decrease. 

 

Effect on secondary warehouses 

Within the secondary warehouse there is no safety stock decrease because of centralization 
of demand (no other demand is ordered for, just the demand of the own country, just as in 
the old system).So there is no variation pooling. The expected effect at the secondary 
warehouse however, is a lead time decreases. This effect is observed because the 
warehouse in question does not have to take the fixed planning lead time into account 
(which can vary between 4 and 6 weeks), but just needs to take the picking lead time at the 
CSP into account (1 day). Because of this shorter lead time, the amount of stock and safety 
stock greatly decreases (given the time dependency of the safety stock formula). 
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9.2 Normal Stock 
 
The definition of normal stock: Normal stock is the amount of stock that is kept in the 
warehouse to fulfill the normal demand during the cycle. In section 9.2, it will be shown how 
this stock is calculated in the current situation, and how this stock will be calculated in the 
new situation with the network controlling models.  
 

9.2.1 Rules used in the as-is situation 

In the as-is situation, as explained before, the minimum and maximum days of coverage 
rules are used. In the as is situation the amount of stock that is ordered is of the size to 
arrive (at the moment of delivery) back at the maximum days of coverage: Causing the stock 
levels to follow a saw tooth motion, equal to the one shown in exhibit 4. The amount of stock 
that is therefore in the warehouse to fulfill normal demand is: 
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𝑁𝑆𝑖,𝑗 = 𝑁𝑜𝑟𝑚𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑎𝑡 𝐷𝐶 𝑗 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝐸𝑢𝑟𝑜) 

𝑀𝑋𝐷𝑆𝑗 = 𝑀𝑎𝑥𝑖𝑚𝑢 𝑑𝑎𝑦 𝑜𝑓 𝑠𝑡𝑜𝑐𝑘 𝑐𝑜𝑣𝑒𝑎𝑔𝑒 𝑎𝑡 𝐷𝐶 𝑗 (𝑑𝑎𝑦𝑠) 
𝑀𝐷𝑆𝑗 = 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑑𝑎𝑦 𝑜𝑓 𝑠𝑡𝑜𝑐𝑘 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑡 𝐷𝐶 𝑗 (𝑑𝑎𝑦𝑠) 
𝐹𝑌𝐷𝑖,𝑗 = 𝐹𝑢𝑙𝑙 𝑦𝑒𝑎𝑟 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑆𝑘𝑢 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑝𝑖𝑒𝑐𝑒𝑠) 

𝐷𝑌 = 𝐷𝑎𝑦𝑠 𝑖𝑛 𝑦𝑒𝑎𝑟 (𝑑𝑎𝑦𝑠) 
𝑀𝐵𝑆𝑝 = 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑏𝑎𝑡𝑐ℎ 𝑠𝑖𝑧𝑒 𝑎𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑠𝑖𝑡𝑒 𝑝 ( 𝐿𝑖𝑡𝑒𝑟) 

𝑙𝑝𝑖 = 𝑙𝑖𝑡𝑒𝑟𝑠 𝑝𝑒𝑟 𝑝𝑖𝑒𝑐𝑒 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑙𝑖𝑡𝑒𝑟𝑠) 
𝑃𝐶𝑖 = 𝑝𝑖𝑒𝑐𝑒𝑠 𝑜𝑛 𝑎 𝑝𝑎𝑙𝑙𝑒𝑡 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑝𝑖𝑒𝑐𝑒𝑠) 

 
 
 
 
In the as-is situation has the minimum day of coverage and maximum day of coverage filled 
in at 10 and 30 days: Meaning that the amount of normal stock that is in the warehouse, is 
10 days of demand. Then depending on the daily demand and price of the specific SKU, a 
value for the normal stock can be calculated on a DC level. 

9.2.2 Rules used in the new network controlling rules 

In the new situation, the choice for a theoretical model has been made in favor of the EOQ 
model (Silver et al, 1998). This because it is a relatively simple model that is in this case 
adequate to determine the fixed reorder quantity because it only depends on fixed 
production costs and storage costs.  

The reason why in the new situation the choice fell on the EOQ is that it gives the needed 
trade-off between ordering and storage costs, just as is present within Akzo Nobel. However 
the model needed to be slightly altered to fit with the practical situation as in Akzo Nobel, 
below presented are the different variations done to the model. 
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Ordering costs per pallet 
The ordering costs result out of overhead caused by people who need to process the order 
(receiving of the order, providing input for it in the system, checking availability etc.). 
Because of different laws and labor contracts this can differ per country (thus DC). However 
the cost is measured by Pallet, not by piece as in the original EOQ model. In practice this is 
done because all costs in a DC are driven by pallet. In the formula for EOQ+ in can therefore 
be seen that Ordering costs and storage costs are calculated for pallet level (not piece level). 
Afterwards the final number is calculated back to pieces by a piece conversion metric. 
 
Max function with original EOQ and minimum batch size 
In the original EOQ model, there is simply a trade-off between storage and ordering costs. 
This is accurate for Akzo Nobel, but with a lower cut off at the minimum batch size. Namely 
that when the optimal amount determined by the EOQ model is lower than the minimum 
batch size, that still the minimum batch size needs to be ordered because of network 
constraints (explained before in section 7). 
 
The max functions will only be valid for the CSP in the new network design, because the 
secondary warehouses order from the CSP, were (as explained in section 6) the minimum 
batch size is not valid. For the secondary warehouse therefore only the first sub-function of 
the max function constitutes the entire EOQ+ model used. 
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𝐸𝑂𝑄𝑖 ,𝑗+ = 𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑜𝑟𝑑𝑒𝑟 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑚𝑜𝑑𝑒𝑙 𝑢𝑠𝑒𝑑 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑝𝑖𝑒𝑐𝑒𝑠) 
𝐹𝑌𝐷𝑖,𝑗𝑃𝑎𝑙𝑙𝑒𝑡 = 𝑓𝑢𝑙 𝑦𝑒𝑎𝑟 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑆𝐾𝑢 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑝𝑖𝑒𝑐𝑒𝑠) 
𝑂𝐶𝑗 = 𝑂𝑟𝑑𝑒𝑟𝑖𝑛𝑔 𝐶𝑜𝑠𝑡𝑠 𝑝𝑒𝑟 𝑝𝑎𝑙𝑙𝑒𝑡 𝑎𝑡 𝑜𝑟𝑑𝑒𝑟𝑖𝑛𝑔 𝐷𝐶 𝑗 (𝐸𝑢𝑟𝑜) 

𝑆𝐶𝑃𝑌𝑗 = 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡𝑠 𝑝𝑒𝑟 𝑝𝑎𝑙𝑙𝑒𝑡 𝑓𝑜𝑟 𝑓𝑢𝑙𝑙 𝑦𝑒𝑎𝑟 𝑎𝑡 𝐷𝐶 𝑗 (𝐸𝑢𝑟𝑜) 
𝑀𝐵𝑆𝑝 = 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑏𝑎𝑡𝑐ℎ 𝑠𝑖𝑧𝑒 𝑎𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑠𝑖𝑡𝑒 𝑝 ( 𝐿𝑖𝑡𝑒𝑟) 

𝑙𝑝𝑖 = 𝑙𝑖𝑡𝑒𝑟𝑠 𝑝𝑒𝑟 𝑝𝑖𝑒𝑐𝑒 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑙𝑖𝑡𝑒𝑟𝑠) 
𝑃𝐶𝑖 = 𝑝𝑖𝑒𝑐𝑒𝑠 𝑜𝑛 𝑎 𝑝𝑎𝑙𝑙𝑒𝑡 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑝𝑖𝑒𝑐𝑒𝑠) 

𝑅𝑜𝑢𝑛𝑑𝑢𝑝 = 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑡ℎ𝑎𝑡 𝑟𝑜𝑢𝑛𝑑𝑠 𝑎 𝑛𝑜𝑛 𝑖𝑛𝑡𝑒𝑔𝑒𝑟 𝑢𝑝 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑙𝑜𝑠𝑒𝑠𝑡 𝑖𝑛𝑡𝑒𝑔𝑒𝑟 
 
 
Conclusion EOQ+ 
Because it takes into account actual storage costs instead of fixed parameters to calculate 
the normal stock levels, an improvement is expected. 

9.2.3 As is situation without network controlling rules 

 
In the as is situation, as mentioned, the min/max days of coverage rules are used: Meaning 
that there is a fixed minimum/maximum amount of stock in all DCs, regardless of location or 
demand characteristics. Because at this point fixed minimum and maximum coverage 
parameters are used. 
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9.2.4 CSP warehouse with network control rules 

 
In the CSP, the EOQ+ model will be used, but instead of using the demand of just the 
warehouse in question, the demand of all the warehouses that fall under the CSP needs to 
be cumulated. 
 
 

9.2.5 Secondary warehouse 

 
In the secondary warehouse, again the EOQ+ model needs to be used, only without the Max 
function. Now just the demand in the specific country should be taken into account. Next to 
that the storage costs from the secondary warehouse should be used and the ordering costs 
should be the costs related to the picking and preparing transport in the CSP. 
 
 

9.3 Transport 
Currently the amount of goods transported is not being taken into account in the CSP 
decision. As mentioned before (section 3), currently the consideration and decisions 
regarding the new CSP system, is taken by planning. However the cooperation with logistics 
hasn’t fully matured. Therefore currently there are no rules present on how to incorporate the 
logistical costs into the CSP decision. In this project therefore the opportunity has been 
taken to develop these rules and to make sure that they are implemented. After intensive 
cooperation with the logistical team, a model has been defined. 
 

9.3.1 General introduction logistics model 

In the process of creating this model, many variables were considered. It quickly showed 
that the exact transport costs between sites of Akzo Nobel are quiet complex. To fully 
simulate the costs, many things as frequency of transport, occupancy rate of the trucks, 
exact weight transported, fuel surcharges and many more variables proved to have an effect 
on the total costs. More importantly, many of these metrics are metrics that change per 
delivery and can cause a big complexity in calculating the exact costs. Because also in the 
literature it was seen that this can cause huge complexities (Suh-Wen, Chio, 2009) (Yalet et al, 
2005), it was decided to not take the exact calculation for transport cost into account, but 
instead on creating a simplified model that simplifies the assumptions and approximates the 
transport costs.  

 
After investigation, it proved that almost all variables were predictable by the volume moved 
over the lane: Both the frequency and the truck occupancy rate were very well predictable. 
Moreover the amount of weight transported appeared to be fairly stable and always well 
predictable with an average. The only unpredictable value was the fuel surcharge, which 
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embodies the movement of the general transportation costs. However because of the bigger 
volumes of inter site transport, using a yearly average proved to be a good enough estimate.  
 
After considering historical data of the last 3 years, the results proved that the model 
considered had a good coverage of the real transportation costs, with an average deviation 
of less than 3.5 percent of the real costs. Internally within Akzo Nobel this is an acceptable 
deviation.  
 
The model consists of a base rate that is determined per lane (so per specific route from one 
Akzo Nobel plant to another Akzo Nobel plant) that is then multiplied based on volumes 
moved over this lane in a year. In the next subsections of 9.3, the lane multiplier and 
subsequently the way to calculate the total transport costs will be discussed. 

9.3.2 Lane multiplier 

The model starts with considering a fixed tariff for each lane (so a specific route from one 
Akzo site to another site). This fixed tariff is determined by asking for a quotation from the 
logistical service provider that is selected (the selection procedure is not considered and the 
logistical service provider (lsp) is considered as fixed). 
The tariff will furthermore be based on a full truck load and will have a certain fixed 
frequency based on an assumed volume. For this thesis this is all taken as a given, and so 
the basic lane tariffs are also taken as fixed parameters. 
 
However this tariff will thus not be correct if the volume that is being shipped will not allow 
Akzo Nobel to use full truck loads. Also if the production schedule does not allow Akzo to 
ask for trucks with the forecasted frequency: for example it was assumed to use one truck a 
week, but the production schedule calls for one truck every 2 weeks, again the tariff will not 
be correct. However as explained, this can all be predicted with the moved volume. Meaning 
that if the yearly volume meets a certain threshold, this will always guarantee a certain 
frequency of deliveries and truck utilization. To capture this in a model, logistics did an 
analysis on 3 years of historical data on stock movements. They defined 10 classes with so 
called volume multipliers. 
 
The multiplier means that the basic rate per route (fixed parameter in this thesis) needs to be 
multiplied by the rate multiplier of that specific lane, which in turn depends on the yearly 
moved volume over this lane. This way the only decision variable is the yearly moved 
volume on a lane, creating a manageable model while still forecasting the logistical costs 
with an acceptable inaccuracy. 
 

9.3.3 Total yearly transport costs per lane 

To calculate the total yearly transport costs per lane, the lane multiplier model works in the 
following way: 
 
 

𝐿𝐶𝑚 = 𝐿𝑉𝑚 ∗ 𝐿𝑇𝑚 ∗ 𝐿𝑀𝑚(𝐿𝑉𝑚) 
 

𝐿𝐶𝑚 = 𝐿𝑎𝑛𝑒 𝑐𝑜𝑠𝑡𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 𝑜𝑛 𝑙𝑎𝑛𝑒 𝑚 (𝑒𝑢𝑟𝑜) 
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𝐿𝑉𝑚 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑛 𝑙𝑎𝑛𝑒 𝑚 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (𝑙𝑖𝑡𝑒𝑟) 
𝐿𝑇𝑚 = 𝐵𝑎𝑠𝑖𝑐 𝑡𝑎𝑟𝑟𝑖𝑓 𝑜𝑛 𝑙𝑎𝑛𝑒 𝑚 (𝑒𝑢𝑟𝑜) 

𝐿𝑀𝑚 = 𝐿𝑎𝑛𝑒 𝑚 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 
 
The formula above constitutes the basic model, however to create more insight into the 
transport costs, more metrics are created. This has been done because often volumes will 
be moved from one lane to the other: so one lane will increase its volume while another lane 
will reduce its volume. However, if a lane loses volume for example, the can have an impact 
on the remaining volume, because they could be moved at a higher tariff (if there will be a 
higher multiplier applied because of the loss of volume). Therefore the following three 
metrics have been designed that together make up the total lane costs: 
 

𝑁𝐶𝐿𝑚 =  max (0,∆𝐿𝑉𝑚) ∗ 𝑁𝐿𝑀𝑚 ∗ 𝐿𝑇𝑚 
𝑂𝐶𝐿𝑚 =   (𝐿𝑉𝑚 + 𝑚𝑖𝑛 (0,∆𝐿𝑉𝑚)) ∗ 𝑂𝐿𝑀𝑚 ∗ 𝐿𝑇𝑚 

𝐺𝐿𝑚 = (𝐿𝑉𝑚 + min (0,∆𝐿𝑉𝑚)) ∗ (𝑂𝐿𝑀𝑚 − 𝑁𝐿𝑀𝑚) ∗  𝐿𝑇𝑚 
 

𝐿𝐶𝑚 = 𝑁𝐶𝐿𝑚 + 𝑂𝐶𝐿𝑚 − 𝐺𝐿𝑚 
 

𝑁𝐶𝐿𝑚 = 𝑁𝑒𝑤 𝑐𝑜𝑠𝑡𝑠 𝑙𝑎𝑛𝑒 𝑚 𝑓𝑜𝑟 𝑦𝑒𝑎𝑟 (𝑒𝑢𝑟𝑜) 
𝐿𝑉𝑚 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑛 𝑙𝑎𝑛𝑒 𝑚 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (𝑙𝑖𝑡𝑒𝑟) 
𝑁𝐿𝑀𝑚 = 𝑁𝑒𝑤 𝑙𝑎𝑛𝑒 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 𝑓𝑜𝑟 𝑙𝑎𝑛𝑒 𝑚 
𝐿𝑇𝑚 = 𝐵𝑎𝑠𝑖𝑐 𝑡𝑎𝑟𝑟𝑖𝑓 𝑜𝑛 𝑙𝑎𝑛𝑒 𝑚 (𝑒𝑢𝑟𝑜) 

𝑂𝐶𝐿𝑚 = 𝑜𝑙𝑑 𝑐𝑜𝑠𝑡 𝑙𝑎𝑛𝑒 𝑓𝑜𝑟 𝑙𝑎𝑛𝑒 𝑚 (𝑒𝑢𝑟𝑜) 
𝑂𝐿𝑀𝑚 = 𝑂𝑙𝑑 𝑙𝑎𝑛𝑒 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 𝑓𝑜𝑟 𝑙𝑎𝑛𝑒 𝑚 

𝐺𝐿𝑚 = 𝐺𝑎𝑖𝑛 𝑤𝑖𝑡ℎ 𝑚𝑜𝑣𝑒 𝑜𝑓 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑛 𝑙𝑎𝑛𝑒 𝑚 (𝑒𝑢𝑟𝑜) 
𝐿𝐶𝑚 = 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑜𝑛 𝑙𝑎𝑛𝑒 𝑚 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (𝑒𝑢𝑟𝑜) 

 
The three metrics:  

- ‘new lane costs’  
- ‘old lane costs’  
- ‘gain lane’  

These three metrics combined will be the total costs over a lane. With this split up, it is 
possible to follow exactly the effect that an increase or decrease on the total year volume 
moved over a lane has on the total costs of that specific lane. 
 
The first metric ‘new lane costs’, shows the added costs from the new volume multiplied with 
the new lane multiplier (which might or might not be the same as the old one). If there is no 
added volume, this metric will be zero. The second metric ‘old lane costs’ shows the costs of 
the remaining volume of the old volume on the lane multiplied against the old multiplier. Thus 
if there is volume added to the lane, this is exactly the old lane costs, if there is volume 
subtracted, this is the remaining volume multiplied with the old metric.  
 
The last metric ‘gain lane’, is the possible different costs for the old volume (that is caused 
by the multiplier change). So it shows the multiplier change, multiplied by either the old 
volume or the remaining part of the old volume. It thus shows the interdependency of the 
costs for the volume that is not changing, to the volume that is added or removed. 
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9.3.4 Heuristic multiple routes 

In the last two sub-sections of 9.3, it is thoroughly discussed how the transport cost for a 
specific lane is calculated through the lane multiplier model. However, the final question 
regarding transport is never ‘what is the costs of a specific route?’, but ‘which route is the 
cheapest way to get a product from A to B?’. 
Therefore within the transportation costs calculation, a heuristic has been built that is based 
on the two-opt heuristic and the traveling sales man problem (Lin and Kernighan, 1973). The 
designed heuristic starts with the direct route and searches if there is any part of the route 
that can be replaced by a cheaper alternative. The steps that the query follows: 

 
1. Determine the direct route and calculate the costs via the lane multiplier model 
2. Start at lane x =1 of the total route, split the route in two parts 
3. Calculate for the 2 resulting lanes their respective costs, then compare their total to 

the old costs of the original lane that is now split in two 
a. If the costs are higher, go to step two for lane x if there are more splits 

possible, if all splits have been considered, go to lane x=x+1 
b. If the costs are lower, replace the original lane by the 2 new ones. Go to step 

2 for lane x and repeat 
4. When all lanes have been checked and no more extra stops are possible, stop the 

query 
 
With the query described above, every time the most practical optimal route to get from point 
A to B in the network of Akzo Nobel Europe is used.  
 
 
Conclusion transportation costs 
The transportation costs can thus be modeled by a single variable, the total volume moved 
over a lane per year. This does however create an interdependency which makes the result 
hard to analyze, which is countered by showing the new costs, remaining costs and the 
interdependency (possible lane multiplier change for the remaining original volume). 
Furthermore using this lane multiplier model next to a query, the optimal route and the 
accompanying costs can always be found. 

9.3.5 As-is situation transportation costs 

Because the transportation costs were completely not taken into account in the current set-
up of the network, there is no current as-is transportation cost available. Therefore the 
transportation costs in the as-is situation will be calculated by the new networking control 
model (lane multiplier model).  
 
In the as-is situation simply the volumes from production plant to warehouse are taken and 
used to calculate the costs (original tariffs are available for all lanes, they are delivered by 
the logistical department). The only exceptions are the logistical hubs (explained in section 
7), which will have all the volume from the production plant running through them, however 
because they are at the same location as the production plant, the logistical costs will 
therefore be zero. 
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9.3.6 CSP with networking control models 

The lane multiplier model will again be used. For the CSP this means that the volume of the 
own warehouse plus all the secondary warehouses that are considered under the CSP need 
to be added and used in the formula.  

9.3.7 Secondary warehouses with networking control models 

For the secondary warehouses, the same numbers and models are used as the as-is 
situation. Namely using the lane multiplier model while using just the own yearly demand as 
the yearly volume to be moved. 
 
 
 

9.4 Handling costs  
 
The handling costs within Akzo Nobel are driven by the amount of pallets that need to be 
entered and taken out of a warehouse (as explained, warehouse activities work on pallets). 
So per pallet ingoing and outgoing at the DC level, a specific amount needs to be paid. If this 
pallet is half filled or fully filled is in that case not important.  
 
However in the CSP setting, the amount of time that these goods are handled in a DC will 
change, namely it will double. This is caused because within the CSP setting, the goods are 
moved twice, first from the production plant to the CSP and secondly from the CSP to the 
secondary DC, while in the original network, they were moved once from the producing plant 
to the DC. As explained before, logistical hubs form an exception to this rule. 
 
The formula that is used to determine the handling costs: 
 

𝐻𝐼𝑖 ,𝑗 =
𝐹𝑌𝐷𝑖,𝑗
𝐸𝑂𝑄𝑖+

∗
𝐸𝑂𝑄𝑖+

𝑖 ∗ 𝐼𝑗    

𝐻𝑂𝑖,𝑗 =
𝐹𝑌𝐷𝑖 ,𝑗
𝐸𝑂𝑄𝑖+

∗
𝐸𝑂𝑄𝑖+

𝑃𝐶𝑖
∗ 𝑂𝑗 

 
𝐻𝐼𝑖,𝑗 = 𝐻𝑎𝑛𝑑𝑙𝑖𝑛𝑔 𝑖𝑛 𝑐𝑜𝑠𝑡𝑠 𝑎𝑡 𝐷𝐶 𝑗 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑒𝑢𝑟𝑜) 

𝐹𝑌𝐷𝑖 ,𝑗 = 𝐹𝑢𝑙𝑙 𝑦𝑒𝑎𝑟 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗  (𝑝𝑖𝑒𝑐𝑒𝑠) 
𝐸𝑂𝑄𝑖+ = 𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑜𝑟𝑑𝑒𝑟 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑚𝑜𝑑𝑒𝑙 𝑢𝑠𝑒𝑑 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑝𝑖𝑒𝑐𝑒𝑠) 

𝑃𝐶𝑖 = 𝑃𝑖𝑒𝑐𝑒𝑠 𝑜𝑛 𝑝𝑎𝑙𝑙𝑒𝑡 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑝𝑖𝑒𝑐𝑒𝑠) 
𝐼𝑗 = 𝐼𝑛𝑐𝑜𝑚𝑖𝑛𝑔 𝑝𝑎𝑙𝑙𝑒𝑡 𝑡𝑎𝑟𝑟𝑖𝑓 𝑎𝑡 𝐷𝐶 𝑗 (𝑒𝑢𝑟𝑜) 

𝐻𝑂𝑖,𝑗 = 𝐻𝑎𝑛𝑑𝑙𝑖𝑛𝑔 𝑜𝑢𝑡 𝑐𝑜𝑠𝑡𝑠 𝑎𝑡 𝐷𝐶 𝑗 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑒𝑢𝑟𝑜) 
𝑂𝑗 = 𝑂𝑢𝑡𝑔𝑜𝑖𝑛𝑔 𝑝𝑎𝑙𝑙𝑒𝑡 𝑡𝑎𝑟𝑟𝑖𝑓 𝑎𝑡 𝐷𝐶 𝑗 (𝑒𝑢𝑟𝑜) 

 
 
In the as-is situation, the handling costs are not taken into account in the CSP decision. 
However we will calculate them given the rules above, because these rules capture the true 
costs and are not dependent on the network design. The only difference for the as-is 
situation, is that not the EOQ+ model but the min/max days of coverage rules will be used to 
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determine the average order size. So for the as-is situation the EOQ+ needs to be replaced 
with the min/max rule for average order size. 
 
Furthermore it is hard to say what the expected effect on the total handling costs with the 
new network design is. Because as can be seen in the formulas above, it is the average 
order size that drives the handling costs. Therefore the in/out handling costs ultimately are 
determined by the ordering rules because they determine the average order size. They will 
change according to the new EOQ model and this will thus have an impact on the handling 
costs. 
 

9.4.1 As – is Situation 

In the as-is situation, the order size (the decision variable driving the handling costs) is 
determined by the minimum/maximum days of coverage rule. However, the only thing which 
is considered are the two fixed variables (min and max days), the difference between them is 
thus the order size: 
 

𝑂𝑆𝑖 ,𝑗 = �𝑀𝑋𝐷𝑆𝑗 −𝑀𝐷𝑆𝑗� ∗ (
𝐹𝑌𝐷𝑖,𝑗
𝐷𝑌

) 

 
 

𝑂𝑆𝑖 ,𝑗 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑟𝑑𝑒𝑟 𝑠𝑖𝑧𝑒 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑝𝑖𝑒𝑐𝑒𝑠) 
𝑀𝑋𝐷𝑆𝑗 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑎𝑦𝑠 𝑜𝑓 𝑠𝑡𝑜𝑐𝑘 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑡 𝐷𝐶 𝑗 (𝑑𝑎𝑦𝑠) 
𝑀𝐷𝑆𝑗 = 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑑𝑎𝑦𝑠 𝑜𝑓 𝑠𝑡𝑜𝑐𝑘 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑡 𝐷𝐶 𝑗 (𝑑𝑎𝑦𝑠) 
𝐹𝑌𝐷𝑖,𝑗 = 𝐹𝑢𝑙𝑙 𝑦𝑒𝑎𝑟 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑝𝑖𝑒𝑐𝑒𝑠) 

𝐷𝑌 = 𝐷𝑎𝑦𝑠 𝑖𝑛 𝑦𝑒𝑎𝑟 (𝑑𝑎𝑦𝑠) 
 
A point worth mentioning is that because this formula does not take into account the pallet 
size, the result can be sub-optimal. The reason for this is the fact that both the handling 
costs are determined per pallet. So ordering half a pallet at a time (instead of full pallets), 
doubles the handling costs. This is not taken into account in the current set-up (min max 
rules). 
 

9.4.2 As-is situation with network controlling rules 

In the as-is situation with network controlling rules, not the min/max days of coverage days 
rule is used, but the EOQ+ model. This is the model that makes a trade-off between fixed 
ordering costs and storage costs.  
 
For the reasons mentioned above, a variation of the EOQ model is proposed (as explained 
in section 9.2). Namely that the result of the EOQ model will be rounded up, so that always 
full pallets are ordered. This will cause the handling costs to be minimized while having no 
negative effect on the storage costs because this is also calculated over full pallets (where 
half a pallet still occupies a pallet place thus incurs full costs). 
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9.4.3 Handling costs CSP with networking controlling models 

In the CSP situation the EOQ+ variation model described above will be used. Again demand 
from all the warehouses needs to be added up and this demand needs to be considered and 
used in all calculations. 

 

9.4.4. Secondary warehouse with networking controlling models 

In this situation, also the EOQ+ model needs to be used. The only difference is again 
mentioned in section 9.2, namely that there is no max function in the EOQ+ model for the 
secondary warehouse. Because they order at the SCP and will thus not encounter the 
minimum batch size constraint. 
 
 

9.5 Operating Working Capital 
The last metric that needs to be considered in the CSP trade-off, is operating working capital 
(OWC). In the current settings, operating working capital is not considered in the trade-off. 
However because of the improvement possibilities indicated by the central financial planning 
and analysis team, they will be incorporated in this thesis. 
 
In this thesis the standard way of calculating the operating working capital will be followed 
(Gill et al. 2010). The value of all assets will be summed up and their value will be considered, 
to calculate the OWC a fixed percentage is then used estimated by the accounting 
department within Akzo Nobel. 

 
In Akzo Nobel the assets considered is of course the paint available in the system. Because 
in this thesis the ‘fixed planning lead time’ and the production lead time are considered as 
fixed, the assets in stock at the production site (raw materials) and the amount products in 
progress at the production site, are both not influenced by the current models and trade-offs 
being considered in this thesis. The same rule applies to transported volumes (because the 
transport lead times are fixed). Therefore these assets will also not be taken into account in 
the OWC calculation. The assets that are influenced by this project, is the amount of paint in 
stock at the different warehouses. The values of these products are therefore the value that 
defines the total amount the OWC is calculated on. 
 

𝑂𝑊𝐶𝑖,𝑗 = �𝑁𝑆𝑖,𝑗 + 𝑆𝑆𝑖,𝑗� ∗ 𝐶𝑂𝐶 ∗ 𝐶𝑃𝑖 
 

𝑂𝑊𝐶𝑖,𝑗 = 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑒𝑢𝑟𝑜) 
𝑁𝑆𝑖,𝑗 = 𝑁𝑜𝑟𝑚𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑎𝑡 𝐷𝐶 𝑗 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝐸𝑢𝑟𝑜) 
𝑆𝑆𝑖,𝑗 = 𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑒𝑢𝑟𝑜) 

𝐶𝑂𝐶 = 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 (%) 
𝐶𝑃𝑖 = 𝑐𝑜𝑠𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑒𝑢𝑟𝑜) 

 
In the old situation the OWC was not calculated or considered in the trade-off. Therefore 
now the same formula will be used of all situations (as-is, CSP or secondary warehouses), 
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therefore differences seen throughout the different situations are purely a consequence of 
changes stock levels and not formula changes.  
 
For an expectation on OWC, it is possible to refer to the expectation already mentioned in 
section 9.1 and 9.2 regarding the stocks, because the value of the OWC is directly linked to 
their value. Thus the CSP is not only expected to reduce the stock but also the OWC, 
another proof that this needs to be included in the CSP trade-off to make sure all affects are 
taken into account. 

9.6 Conclusion model 
 

For the two situations we can sum up the different models that will be used in the as-is 
situation and in the situation for the CSP network designs: 
 
Metric Current model as-is Network control model 
Safety stock Minimum day coverage Safety stock model 
Normal stock Min/max day coverage EOQ+ 
Transport Not considered Lane multiplier model 
Handling (in/out) Not considered EOQ+ 
OWC Not considered Calculated over stock in DCs 
Table 1. Old vs. Network controlling models 
 
Finally the objective function is thus the following formula: 
 

𝑇𝐶 = � � 𝑆𝑆𝑖,𝑗 + 𝑁𝑆𝑖,𝑗 + 𝐻𝐼𝑖,𝑗 + 𝐻𝑂𝑖,𝑗 + 𝑂𝑊𝐶𝑖,𝑗

|𝑆𝐾𝑈|

𝑗=0

|𝐷𝐶|

𝑖=0

+ � 𝐿𝐶𝑚

𝐿𝑎𝑛𝑒𝑠

𝑚=0

 

 
𝑆𝑆𝑖,𝑗 = 𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑒𝑢𝑟𝑜) 
𝑁𝑆𝑖,𝑗 = 𝑁𝑜𝑟𝑚𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑎𝑡 𝐷𝐶 𝑗 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝐸𝑢𝑟𝑜) 
𝐻𝐼𝑖,𝑗 = 𝐻𝑎𝑛𝑑𝑙𝑖𝑛𝑔 𝑖𝑛 𝑐𝑜𝑠𝑡𝑠 𝑎𝑡 𝐷𝐶 𝑗 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑒𝑢𝑟𝑜) 
𝐻𝑂𝑖,𝑗 = 𝐻𝑎𝑛𝑑𝑙𝑖𝑛𝑔 𝑜𝑢𝑡 𝑐𝑜𝑠𝑡𝑠 𝑎𝑡 𝐷𝐶 𝑗 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 (𝑒𝑢𝑟𝑜) 

𝑂𝑊𝐶𝑖,𝑗 = 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑓𝑜𝑟 𝑆𝐾𝑈 𝑖 𝑎𝑡 𝐷𝐶 𝑗 (𝑒𝑢𝑟𝑜) 
𝐿𝐶𝑚 = 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑜𝑛 𝑙𝑎𝑛𝑒 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (𝑒𝑢𝑟𝑜) 

𝑇𝐶 = 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑢𝑏 − 𝑝𝑟𝑜𝑏𝑙𝑒𝑚𝑠 𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 (𝑒𝑢𝑟𝑜) 
|𝐷𝐶| = # 𝑜𝑓 𝐷𝐶𝑠 𝑖𝑛 𝑛𝑒𝑡𝑤𝑜𝑟𝑘 

|𝑆𝐾𝑈| = # 𝑜𝑓 𝑆𝐾𝑈𝑠 𝑖𝑛 𝑛𝑒𝑡𝑤𝑜𝑟𝑘 
|𝐿𝑎𝑛𝑒| = # 𝑜𝑓 𝑙𝑎𝑛𝑒𝑠 𝑖𝑛 𝑛𝑒𝑡𝑤𝑜𝑟𝑘 
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10. Problem recap 

This section will be devoted to recap how the model described above can answer the 
original research questions proposed by the central FP&A that flagged the incomplete trade-
off that was considered for the CSP network design decision. 

To also recap the central FP&A team ‘mission and vision’: as a department they check if the 
decisions throughout Akzo Nobel SC are taken optimally for all regions and all functionalities 
combined. They flagged the concern that the CSP decision was taken at a central level, but 
that it was not taken with the full consideration off all costs involved and that the envisioned 
savings were therefore also partially non existing and sometimes even false. That is why the 
following questions were put forth by the FP&A team: 

• What is the impact of the new ‘network controlling models’ on the costs? 
• What is the impact of the usage of CSP’s on costs? 

With the following goal: 

To take the CSP decision with all information and an understanding of the effects on 
all related costs in the Supply Chain 

The solution model described above has a logical break down for the research questions. It 
shows exactly the impact of the CSP decision on the different types of costs and adds them 
all up to show a complete picture. This also means that a CSP decision taken in the past 
(just on storage costs) can now be examined in the light of its full consequences, meaning 
that decisions viewed as profitable in the past can turn out not to be profitable and the other 
way around. 

The last question that should be tackled from a practical side for Akzo Nobel, is to make the 
model described in section 9, to be applied automatically to the complete solution space, to 
calculate all different network possibilities and give a (near) optimal solution. To do this a 
heuristic will be developed and discussed (section 12). For now it can be mentioned that the 
heuristic capabilities of the model will be used to quickly analyze a large portion of the 
solution space to find the optimal solution. 

This combination of the model being split up into calculating different metrics separately and 
then querying in the solution space for an optimal solution, ensures that the model is 
understandable, verifiable and answers the question of the FP&A team.  
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11. First analysis on example 

 
This section discusses a test case of the model implementation.  This example 
implementation serves to check all formulas discussed and to verify if the models work as 
proposed. However the details of this test will not be included for confidentiality reasons. 
Also for confidentiality reasons the demand quantities are omitted from this chapter. 

11.1 General metrics regarding SKU 5031881 

 
Exhibit 5. General attributes simulation tool 
 
As is visible from the extraction from the management tool, the SKU is produced in MHEP, 
has a minimum batch size of a thousand etc. (four letter abbreviation will be used for 
different production plants within Akzo Nobel) These are simply the given metrics related to 
the SKU and do not require any additional input from the user of the model. 
 

11.2 Storage costs and handling costs 
In this section, first the results for a specific metric will be given, afterwards the results for 
this metric will be discussed and all effects that are underlying the results will be shown. 
 
Original setting (no CSP) with min/max day coverage rules 

 
Exhibit 6. Output min/max day coverage model in simulation  tool 
Original setting (no CSP) with network controlling rules: 
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Exhibit 7. Output network controlling models in simulation  tool 
 
Looking at the two extractions above, a number of peculiarities are noticeable: 

1. The average yearly storage costs are almost always higher with the network 
controlling models 

2. The only plant for which the yearly storage costs stay the same, is the plant with the 
smallest rise in safety storage costs 

3. The storage costs are always higher, by a multiple 
4. The handling costs are the same in all plants 

 
What can be learned from the combination of these observations is that the order size for the 
normal goods has not changed (because of the unchanged handling in costs). Therefore the 
changes in storage costs are not caused by the normal stock. Because when the order size 
does not change, this also means that the order frequency and thus the average amount of 
normal stock available in a plant will not change. This thus leaves the safety stock, which is 
indeed increasing significantly in all of the different cases. This leads to the conclusion that 
according to the network controlling models, the amount of safety stock in the system in the 
as-is situation is systematically too low.  
 
A reason for this can be that the minimum and maximum day’s coverage metrics have been 
fixed in the past and that during time, these metrics have not been adapted to the 
environment and the possible increasing sales. One point is therefore to check the current 
OTIF performance of Akzo Nobel. Because the network controlling model safety stock has 
been set to meet a certain OTIF performance, a currently lower safety stock would mean 
that currently these OTIF performances are not met. 
 
Storage and safety storage costs in the CSP setting:  

 
Exhibit 8. Output CSP setting in simulation  tool 
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It can be seen that the safety stock costs and the total storage costs has taken a big decline: 
from a total of 2208 to a total of 1536, a drop of more than 25%. The reason for this is the 
non compliance to the minimum batch size, which allows them to greatly decrease the 
necessity of normal stock. This because for the non CSP setting, almost all orders were the 
minimum batch size, indicating the all warehouses were forced to order up to higher 
amounts then the maximum days coverage rule. In the CSP setting however this was no 
longer the case, because the secondary warehouses are not forced to apply to this minimum 
batch size. Also the big lead time decline for all the secondary warehouses had an effect, but 
mainly that the secondary warehouses no longer have to order a minimum quantity causes 
the biggest drop. Of course also the pooling of safety stock in the CSP plays a role, but 
again not significant compared to the Secondary warehouses minimum batch effect. 
 
Next to that we also see that the intake handling costs have gone up. This can be explained 
by the fact that all of the secondary warehouses are ordering smaller amounts, and have 
thus more orders per year. This causes the fixed ordering costs in a year to increase, 
however the rise in costs is far smaller than the drop in storage costs, indicating that this is a 
positive development.  
 
Conclusion storage and handling costs 
So in conclusion, the CSP allows for a drop in total storage costs because the secondary 
warehouses are no longer over supplied through the minimum batch size. This does 
however cause the intake handling costs to rise because of the increase in small orders. 

11.3 Transportation costs 
The transportation costs in the no CSP setting with the min/max days of coverage control rule: 

 
Exhibit 9. Transport Costs min/max day coverage model in simulation tool 
 
The transportation costs in the no CSP setting with the network controlling rules: 

 
Exhibit 10. Transport Costs network controlling models in simulation tool 
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It can be observed that between the min/max day’s coverage rules and the new network 
controlling models, there is no difference in terms of the transportation costs. This is logical 
because the network controlling rules changes the order size/order moments and thus stock 
decisions. But the network controlling rules do not change the volume that is moved annually 
over the different routes. Because this yearly lane volume is the only variable driving the 
transportation costs, this means there will also be no change in the transportation costs. 
 
CSP setting 

 
Exhibit 11. Transport Costs CSP setting in simulation tool 
 
In this example it can be seen why choosing a logistical hub as a CSP has an advantage 
regarding transportation costs. As can be seen, the transportation costs again have not 
changed. This is a bit particular, given that the CSP network decision alters the movement of 
products. Thus it should also change the amounts of products moved over the different lanes 
in Europe and thus change the transportation costs. 
 
However, if the CSP is a logistical hub, this is not the case. In this case, all the goods are 
moving through the logistical hub; the same as in the original situation. Thus creating a CSP 
in a logistical hub does not affect the movement of goods and thus does not increase the 
transportation costs.  
 
If another example would have been chosen, another effect could also be that of changing 
from heavily used routes to less used routes. This can be explained by the fact that in the 
as-is situation, all products are moved directly from their production sites to the final country 
DCs. Thus most routes between production sites and warehouses are relatively heavily used. 
However in the CSP these routes will not be used, but the CSP to secondary DCs routes will 
be used. Because this is a new principle in Akzo Nobel, these DC to DC routes are not 
heavily used. Therefore it would be expected that usually the CSP setting has to cope with a 
higher transport multiplier when moving from Prod -> DC lanes to DC -> DC lanes. This will 
however be handled in the final results, because a manual calculation would ask for too 
many examples and unnecessarily complicate this section. 
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11.4 OWC 
 
The OWC in the no CSP setting with min/max days coverage rules 

 
Exhibit 12. OWC min/max day coverage model in simulation tool 
 
The OWC in the no CSP setting with network controlling models 

  
Exhibit 13. OWC network controlling models in simulation  tool 
 
 
Between the min/max days coverage rules and the network controlling models an increase 
in OWC costs can be observed. This is therefore an extra effect we need to take into 
account when changing to the networking controlling rules in the CSP set-up. 
 
As explained before in the stock metric analysis in this section. It could be seen that 
currently the network has a too low level of safety stock, and that it is necessary to increase 
the safety stock to achieve the OTIF results. This will of course cause a higher storage costs 
because of the higher storage levels. However here another initial concern of the FP&A 
team becomes clear: Also the rise in operating working capital needs to be taken into 
account, especially for the more expensive products, this can amount to significant costs. 
 
CSP setting 
Here the huge storage drop that can be achieved by removing the minimum batch size 
requirement for the secondary warehouses (seen in stock analysis in this section), has 
another forgotten benefit, namely that the OWC costs will drop as well.  In the no CSP 
setting with network controlling models, the total OWC expenditure is 780, or about 33% of 
the storage expenditure. This means that a 25% drop in storage, creates not only 25% drop 
in storage costs, but another 7% drop because of the drop in OWC. Not considering this 
significant amount of costs can significantly alter a decision regarding network decisions, 
thus confirming the original risk perceived by the central financial decision. 
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11.5 Conclusion analysis fist example SKU 5031881 
After the first analysis a couple of hypothesis can be formed 

- In the as-is situation the safety stock is too low 
- The network controlling rules will cause a rise in safety stock levels in the as-is 

situation 
- The CSP setting will decrease total stock costs by 25% 
- The handling costs will go up because of a trend to order smaller amounts by the 

secondary warehouses 
- The OWC will decrease with a similar percentage then the stock costs, causing a 

further 7% decrease in the stock costs. 
 
In section 14 the answers to the research questions will be given, as well as a possible 
confirmation of the effects observed in the calculated example. 
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12. Heuristic for network analysis 

In this section the need for a heuristic in the simulation model and the one that is finally used 
will be discussed. The reason is that as shown in the example above, it is possible to 
calculate the full example with all metrics in terms of seconds with help of the developed 
management tool. However, the tool still only gives a result just for one system setting. So 
for example in the calculation above, the system setting was a CSP in GOHD, and the 
secondary warehouses in CSTD, PAWD and ZAZD. However to do a full network analysis, it 
is required to calculate multiple network settings in the solution space. To reach this goal, a 
tool that can search through the entire solution space is required. In other words: a tool that 
can quickly calculate all the different options, regarding the location of the CSP and the 
secondary warehouses (Gosavi, 2003). 

 
To accommodate this need, an extra level was built into the management tool, in the form of 
a heuristic. This heuristic has the option to calculate all the different possibilities in the 
solution space to give the optimal solution. The heuristic will work by saving all results of all 
different solutions in excel so that the user can do a complete analysis and decide on the 
operational optimal solution. The different steps in the heuristic: 

1. The heuristic fills in the necessary parameters in the tool 
2. The heuristic calculates the cost metrics in the original setting 
3. The first network setting is chosen 
4. The heuristic calculates the cost metrics for the network setting(CSP), the differences 

between this setting and the original is written to excel 
5. If the last setting is reached, go to step 6, if not go to step 3 
6. End 

 
With this heuristic, the possibility exists to do extensive analysis in Excel (on the results of 
the heuristic) to determine the optimal network setting for different products. To then also 
allow management to analyze the tools results and draw conclusions on which setting is best 
for Akzo Nobel. 
 
However the heuristic can use many different algorithms to decide which steps to consider 
and which not. In this thesis two algorithms will be designed and discussed in the next 
paragraphs, of course more algorithms can be designed and filled into the heuristic that links 
to the management tool. For Akzo Nobel this can therefore constitute a future step. 

12.1 Exhaustive enumeration 
The first heuristic to be discussed is the exhaustive enumeration heuristics. Here the details 
of this query will not be discussed. For the reader it is sufficient to know that exhaustive 
enumeration means that all the different possibilities in the network will be tried by the 
heuristic. So in the model considered in this thesis, it means that the heuristic will consider 
every possible combination of CSP and secondary warehouse that is possible.  
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12.2 Exhaustive enumerations+ 
 
As explained in 11.1, exhaustive enumeration goes through all the different solutions that are 
possible. However because of the knowledge so far, two different set-ups of the system of 
Akzo Nobel do not need to be calculated because they can never be the optimal solutions. 
Therefore a variation of the exhaustive enumeration heuristic is developed that skips these 
situations, the exhaustive enumeration+ heuristic: 
 

1. A logistical hub is never a Secondary warehouse 
As explained, a logistical hub is a DC that automatically receives all goods directly from the 
production plant. It would therefore make no sense to go from the production plant to the 
logistical hub (automatic), than to the CSP and then back to the logistical hub as a 
secondary warehouse. Therefore the logistical hub is excluded as a secondary warehouse. 
 

2. No double counting on secondary warehouses 
The query works with a numbering system for the secondary warehouses. For example: one 
possible combination is the CSP warehouse with multiple secondary warehouses that are 
numbered from 1 to x. However when the order in secondary warehouses is changed the 
query will recognize this as a new option. But cost wise it makes no difference which 
warehouse is secondary warehouse 1 and which one is secondary warehouse 2. In the 
exhaustive enumeration+ query this exclusion is therefore taken into account: the same 
system setting with a different order in secondary warehouses will be recognized as a similar 
setting and will not be run again. So for example, GOHD is CSP, and CSTD and ZAZD are 
reversed secondary warehouse 1 and 2 in the 2 possible system setting. This would give the 
same costs and therefore the query only calculates one of these situations. 
 

12.3 Choice and test heuristic 
 
The exhaustive enumerations+ query should work considerably quicker than the exhaustive 
enumeration query because it excludes situations that are not logical or that are simply a 
duplication of results. Therefore it is the logical choice for the standard heuristic to be used in 
the management tool. 
 
However to confirm this choice, a test regarding the performance of both heuristics will first 
be done. This test will be done already be done with the data set that is chosen to test the 
problem presented in this thesis, therefore the next section will first outline the data set 
because it will be used in the remainder of this thesis. After that the results of the heuristic 
test will be presented and the choice for heuristic either confirmed or changed. 

12.4 Data Outline 
Because of the big amount of data and calculations needed to do a full network optimization, 
the choice has been made to test the algorithm and present the final results with a sub-set of 
the data. The following sub-sets have been chosen 
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• One product 
The network optimization is done on a product level, and performing the network 
optimization for multiple products is a repetition process made possible within the tool. But it 
thus adds no value to record this repetition process in this thesis. Therefore the choice has 
been made to define a sub-set consisting out of a single product. 
 

• 7 warehouses 
The entire network of Akzo Nobel consists of 21 warehouses, however to limit the solution 
space. The 7 biggest warehouses have been chosen, this is enough to show the 
effectiveness of the query chosen and to show how the presented models work. Future 
research might show that other queries provide an improvement over the two shown in this 
thesis. 
 
Within the 7 warehouses a logistical hub is present to show the effect of this specific type of 
location. 
 

12.5 Query Performance 
The query performance will be measured in time required to check the different system 
solutions. The reader can thus see the increase of time required with an increase in size of 
the solution space.  
 
The time required will be given linked to the number of warehouses that were considered. 
Meaning that in the data set the total number of warehouses in the system is 7 (explained in 
11.4), but that we are only considering only x. warehouses for being secondary warehouses 
in the different tests. For example: with #3 warehouses, we will have all combinations with 
one CSP and two secondary warehouses (of which one always the logistical hub). The tests 
will run ranging from 3 to 7 warehouses considered in the solution space, of which one is 
always the logistical hub.  

12.5.1 Exhaustive enumeration 

# warehouses Time required (minutes) 
3 1 
4 5 
5 18 
6 48 
7 63 
Total 135 
Table 2. Exhaustive enumeration performance 

12.5.2. Exhaustive enumeration+ 

After looking at the results of the exhaustive enumeration query, it was apparent that a lot of 
time is spend on calculating duplicate results, by having the same set of secondary 
warehouses, but just in another order. The time improvement for the exhaustive 
enumeration+ query is therefore considerable: 

# warehouses Time required (minutes) 
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3 0,5 
4 0,5 
5 1 
6 2 
7 2 
Total 6 
Table 3. Exhaustive enumeration+ performance 
 

12.6 Conclusion Query performance 
As can be seen, the exhaustive enumeration+ provides a considerable advantage over the 
exhaustive enumeration query, reducing the time required twenty fold. When considering 
that increasing the numbers of warehouses will increase the time needed to go through the 
solution space exponentially, the enumeration+ query will give a necessary improvement 
when performing the network calculations for 21 warehouses. 

The reason why the enumeration+ query is so much quicker is because most of the 
enumerations done are duplications with a changed order of the secondary warehouses. 

For the remainder of the thesis, the enumeration+ query will be used. 
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13. Results 

The results of a full run in the simulation model will now be displayed and discussed. The 10 
best settings will be given and will be discussed to give an intuitive answer on why these are 
the 10 cases that give the best results. 

Afterwards a conclusion will be given on the effects discussed and recommendations will be 
made on how to best proceed with the calculation of the full network (all 21 DCs) for all the 
products in Akzo Nobel.  

13.1 Results 
The results of the different costs in the original (no CSP network) setting: 

Original 
Costs 

Total 
storage 

Safety 
Storage 

Intake 
Handling 

Outgoing 
Handling  Transportation  OWC 

 

GOHD 1440 51,83 42,28 0 438,76 466,8  
MHED 1344 2,15 257,98 256,03 0 450,72  
VVDD 1440 83,56 69,84 0 381,46 477,72  
CSTD 1440 26,02 21,02 0 774,68 458,28  
ZAZD 1440 31,18 25,26 0 1338,13 459,96  
PWAD 1440 48,25 39,36 0 3621,81 465,6  
F03D 1440 70,48 58,23 0 3180,48 473,16  
Total 9984 313,47 513,97 256,03 9735,32 3252,24 24055,03 
Table 4. Results network controlling models 

The results of the top 10 network setting savings (all savings are not given because with 7 
warehouses there are already over a 100 possible situations in the enumeration + query): 

Saving Total 
storage 

Safety 
Storage 

Intake 
Handling 

Outgoing 
Handling  Transportation  OWC 

Final 
result 

10 5088 -237,94 -223,09 -55,97 -1,27 1698,24 6267,97 
9 4992 -281,53 -224,88 -55,97 -1,42 1668,6 6096,8 
8 5088 -235,68 -195,53 -55,97 -1,31 1676,16 6275,67 
7 5088 -236,54 -207,14 -55,97 -1,75 1685,52 6272,12 
6 6240 -337,03 -270,25 -55,97 -1,31 2092,56 7668 
5 6144 -382,03 -290,38 -55,97 -1,79 2077,56 7491,39 
4 6144 -379,47 -276,28 -55,97 -0,85 2066,4 7497,83 
3 6144 -378,55 -272,04 -55,97 -1,46 2063,04 7499,02 
2 6240 -337,95 -281,86 -55,97 -1,75 2101,92 7664,39 
1 6240 -334,85 -254,3 -55,97 -1,79 2079,84 7672,93 
Table 5. Results CSP Set-up 

The results are calculated by summing the differences in costs between the old and the new 
situation for all warehouses involved in the set-up. For example, in saving 10, were there are 
4 secondary warehouses, the difference between the costs (per metric) is calculated for the 
CSP and these 4 warehouses (the other 2 will have the same costs in both situations). 
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The choice has been made to show savings as plus and costs as negative, indicating that a 
positive ‘final result’ indicates a savings. 
The network settings accompanying the top 10 network setting savings:  

Savings GOHD MHED VVDD CSTD ZAZD PWAD F03D 
10 Sec War 1 CSP  Sec War2 Sec War3 Sec War4  
9 Sec War 1 CSP   Sec War2 Sec War3 Sec War4 
8  CSP Sec War 1 Sec War2 Sec War3 Sec War4  
7  CSP  Sec War 1 Sec War2 Sec War3 Sec War4 
6 Sec War 1 CSP Sec War2 Sec War3 Sec War4 Sec War5  
5 Sec War 1 CSP Sec War2 Sec War3 Sec War4  Sec War5 
4 Sec War 1 CSP Sec War2 Sec War3  Sec War4 Sec War5 
3 Sec War 1 CSP Sec War2  Sec War3 Sec War4 Sec War5 
2 Sec War 1 CSP  Sec War2 Sec War3 Sec War4 Sec War5 
1  CSP Sec War 1 Sec War2 Sec War3 Sec War4 Sec War5 
Table 6. Set-up top 10 savings 

13.2 Explanation results 
In this section an intuitive explanation for the results will be given.  

To explain the savings, the best ‘saving setting’ for the example SKU will be discussed. This 
is done because all the settings in the CSP network that gave positive results were similar 
settings (as can be seen in the table above). After explaining the results of these specific 
settings, a section will be devoted on explaining the effect of choosing a specific setting in 
the network over other settings. For now the example gives the following data as base for 
this section: 

Savings GOHD MHED VVDD CSTD ZAZD PWAD F03D 
1  CSP Sec War 1 Sec War2 Sec War3 Sec War4 Sec War5 
Table 7. Top Saving set-up 

Original 
Costs 

Total 
storage 

Safety 
Storage 

Intake 
Handling 

Outgoing 
Handling  Transportation  OWC 

 

Total 9984 313,47 513,97 256,03 9735,32 3252,24 24055,03 
Table 8. Top saving results 

Saving Total 
storage 

Safety 
Storage 

Intake 
Handling 

Outgoing 
Handling  Transportation  OWC 

Final 
result 

1 6240 -334,85 -254,3 -55,97 -1,79 2079,84 7672,93 
Table 9. Top savings delta versus min/max day coverage rules model 

%savings Total 
storage 

Safety 
Storage 

Intake 
Handling 

Outgoing 
Handling  Transportation  OWC 

Final 
result 

1 62,5% - 106,8% -49,5% -21,9% 0% 64,0% 31,9% 
Table 10. Top savings percentage versus min/max day coverage rules model 

In each section the original and new CSP setting costs will be given for all the different 
warehouses considered in the example. 

13.2.1. Storage costs 

Storage Costs Original  CSP Network  Savings 
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costs network Costs 
GOHD 1440   1440  - 
MHED 1344  CSP 1632  -288 
VVDD 1440  Sec War 1 192  1248 
CSTD 1440  Sec War2 96  1344 
ZAZD 1440  Sec War3 96  1344 
PWAD 1440  Sec War4 96  1344 
F03D 1440  Sec War5 192  1248 
 9984   3744  6240 
Table 11. Storage costs top saving per warehouse 

The first metric to be discussed are the storage costs, this metric is also immediately 
responsible for the biggest part of the total savings. The reason is that the CSP network 
design (as discussed in earlier sections), has as a consequence that the secondary 
warehouses no longer need to apply to the minimum batch rule, but can independently 
determine their optimal stock levels.  

As also seen in the example worked out in section 9, this dramatically reduced the need for 
regular stock, as can be seen in these savings as well. For the secondary warehouses the 
observation shows that regular stock costs are diminished by a factor 14.  

Next to that the CSP only has a slight increase. This can be explained by the same effect, in 
the original setting most of the regular stock at the CSP, was just kept because of the 
minimum batch size. Now because the CSP needs to keep stock for all secondary 
warehouses, the difference in total amount of stock kept is not that big for the CSP.  

Conclusion regular stock 
The conclusion on regular stock is that the minimum batch size rule, although saving costs in 
production, causes considerable costs later on the cycle when storing the goods. CSP can 
prove a good system to counteract this negative effect of the minimum batch size. 

 

13.2.2 Safety Storage Costs 

Safety 
Storage Costs 

Original 
costs 

 CSP 
network 

Network 
Costs 

 Savings 

GOHD 51,83   51,83  - 
MHED 2,15  CSP 261,34  -259,19 
VVDD 83,56  Sec War 1 95,79  -12,23 
CSTD 26,02  Sec War2 47,65  -21,63 
ZAZD 31,18  Sec War3 47,71  -16,53 
PWAD 48,25  Sec War4 48  0,25 
F03D 70,48  Sec War5 96  -25,52 
 313,47   648,32  -334,85 
Table 12. Safety storage costs top saving per warehouse 

The safety storage costs are not in line with the original expectations that stated a savings 
due to the variance pooling effect. However as already discussed in section 9 during the trial, 
this hypothesis was changed because in the original settings, the amount of safety stock 
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being kept in the system was not sufficient .This was observed when the new network 
controlling models showed that the amount of safety stock needs to be drastically increased.  

In this section this effect is again visible, for example the secondary warehouses. One has to 
keep in mind that when looking at the secondary warehouses, that the lead time for 
replenishment has drastically reduced. Therefore normally it can be expected that the safety 
stock would decline in a similar matter (because the safety stock is directly linked to the 
replenishment lead time). However here it is visible that for the secondary warehouses, the 
safety stock costs either stays equal or even slightly rises, so a rise in safety stock levels. 
But this is thus also another (hidden) benefit of the CSP network controlling rules: the OTIFF 
(on tine in full deliveries) rate should go up. However because this is not in the range of this 
thesis, this effect will be mentioned but not researched. 

For the CSP it is a different story, in this case the safety storage costs go up, because the 
CSP holds the safety stock not just for itself, but also for the secondary warehouses. This 
effect is thus as expected. 

Conclusion safety storage costs 
The SCP safety storage costs go up as expected. However, because the overall safety stock 
levels go up, it can be observed that the secondary warehouse even with a big decrease in 
replenishment lead time have an increase in safety storage costs. Therefore across the 
network the safety storage costs almost double to ensure the OTIFF that was not ensured in 
the original system set-up. 

13.2.3 Intake/Outgoing handling costs 

Intake 
Handling 

Original 
costs 

 CSP 
network 

Network 
Costs 

 Savings 

GOHD 42,28   42,28  - 
MHED 257,98  CSP 257,99  -0,01 
VVDD 69,84  Sec War 1 117  -47,16 
CSTD 21,02  Sec War2 78  -56,98 
ZAZD 25,26  Sec War3 78  -52,74 
PWAD 39,36  Sec War4 78  -38,64 
F03D 58,23  Sec War5 117  -58,77 
 513,97   768,27  -254,3 
Table 13. Intake handling costs top saving per warehouse 

Outgoing 
Handling 

Original 
costs 

 CSP 
network 

Network 
Costs 

 Savings 

GOHD 0   0  - 
MHED 256,03  CSP 312  -55,97 
VVDD 0  Sec War 1 0  0 
CSTD 0  Sec War2 0  0 
ZAZD 0  Sec War3 0  0 
PWAD 0  Sec War4 0  0 
F03D 0  Sec War5 0  0 
 256,03   312  -55,97 
Table 14. Outgoing handling costs top saving per warehouse 
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For the intake and outgoing handling costs small increases in costs can be seen. As 
explained in section 9, this is due to the fact that the secondary warehouses now order in 
smaller quantities.  

As seen in the regular storage costs, these are going down because the secondary 
warehouses can now order smaller batches (by dropping the minimum batch size) to prevent 
from being over supplied. This however also means that more often smaller amount are 
ordered (thus more partial pallets) eventually causing an increase in handling costs in both 
the CSP and the secondary warehouses. 

However the increase in handling costs (both intake and outgoing) is many times smaller 
than the savings generated by the decrease of storage levels. 

Conclusion handling costs 
As expected, the handling costs are increasing because of ordering smaller quantities. This 
effect is canceled as much as possible by the use of the new network controlling rules, but 
cannot be prevented entirely. However because the savings in regular storage costs 
(connected to the same root cause of minimum batch sizes) is many times bigger, these 
costs increases can be accepted. 

13.2.4 Transportation costs 

Transportation 
Costs 

Original 
Costs 

 CSP 
network 

Network 
Costs 

 Savings 

GOHD 438,76   438,76  - 
MHED 0  CSP 0  0 
VVDD 381,46  Sec War 1 381,5  -0,04 
CSTD 774,68  Sec War2 775,01  -0,33 
ZAZD 1338,13  Sec War3 1339,07  -0,94 
PWAD 3621,81  Sec War4 3621,81  0 
F03D 3180,48  Sec War5 3180,96  -0,48 
 9735,32   9737,11  -1,79 
Table 15. Transportation costs top saving per warehouse 

As explained in earlier sections, transport depends on two factors: the base rate over 
specific lanes, and the volume multiplier used in those same lanes. Because this can very 
per case, it is difficult to draw one single conclusion.  

However in this case it appears that the logistic costs are barely changed by the changing of 
the routes. This is caused by the fact that the logistical hub is chosen as the CSP. Therefore 
there are no actual changes in volumes moved over the different lanes (explained in section 
7 and 9). Thus there are no mentionable changes in transportation costs. 

When examining the full results (also the settings that did not create any savings), there 
were many cases that increased costs because of a high rise in logistical costs. Especially 
because in the original setting, logistical costs constitutes about 40% of the total costs, only 
a slight rise in these costs can already mean the new CSP network design savings is non-
positive. As explained however this depends on base rates and can differ in case to case.  

Conclusion: 
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In most cases seen, the transport costs are affected negatively by the CSP network design 
because of increases in the volume multiplier and a general increase of the volume to be 
moved. However when choosing the CSP smartly the moved volumes do not change and 
thus have no effect on the logistical costs. 

13.2.5 OWC 

OWC Original 
costs 

 CSP 
network 

Network 
Costs 

 Savings 

GOHD 466,8   466,8  - 
MHED 450,72  CSP 535,8  -85,08 
VVDD 477,72  Sec War 1 55,56  422,16 
CSTD 458,28  Sec War2 16,68  441,6 
ZAZD 459,96  Sec War3 20,04  439,92 
PWAD 465,6  Sec War4 31,2  434,4 
F03D 473,16  Sec War5 46,32  426,84 
 3252,24   1172,40  2079,84 
Table 16. OWC top saving per warehouse 

The OWC is as explained in sections 7 and 9, directly linked to the amount of paint in 
storage. Because section 19.2.1 to section 19.2.2 showed that the total amount of storage 
decreases dramatically (safety storage goes up slightly while regular storage shows a big 
decline), also OWC will follow a similar path and show a big decline as well.  

Conclusion OWC 
This shows that including the OWC in the savings is a vital step because it provides a big 
part of the total savings. Not taking this into account as in the original setting, will therefore 
give incomplete results. 

 

13.3 Specific CSP setting 
 

The network settings accompanying the top 10 network setting savings: 

Savings GOHD MHED VVDD CSTD ZAZD PWAD F03D 
10 Sec War 1 CSP  Sec War2 Sec War3 Sec War4  
9 Sec War 1 CSP   Sec War2 Sec War3 Sec War4 
8  CSP Sec War 1 Sec War2 Sec War3 Sec War4  
7  CSP  Sec War 1 Sec War2 Sec War3 Sec War4 
6 Sec War 1 CSP Sec War2 Sec War3 Sec War4 Sec War5  
5 Sec War 1 CSP Sec War2 Sec War3 Sec War4  Sec War5 
4 Sec War 1 CSP Sec War2 Sec War3  Sec War4 Sec War5 
3 Sec War 1 CSP Sec War2  Sec War3 Sec War4 Sec War5 
2 Sec War 1 CSP  Sec War2 Sec War3 Sec War4 Sec War5 
1  CSP Sec War 1 Sec War2 Sec War3 Sec War4 Sec War5 
Table 17. Top 10 savings Set-up 

As can be seen in the table above, all top saving settings in the CSP network are very 
similar. Without exception the CSP is the logistical hub and almost all warehouses are 
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chosen as secondary warehouses. The reason is that this way no negative 
logistical/handling effects occur, while the system can fully benefit of the positive effects. To 
summarize all seen effects related to the CSP decision (green positive and red negative): 

- Regular storage costs in secondary warehouses decrease because of minimum 
batch size constraint dropping 

- OWC costs decrease because of decrease in stock 
- Safety stock costs in CSP and secondary warehouses increase  because of new 

models (thus ensuring higher OTIFF) 
- Regular storage costs in CSP increase because of CSP set-up 
- Handling in/out increases because of smaller orders secondary warehouse (partial 

pallets) 
- Handling in/out increases because of doubling of times handled in the system 
- Transport cost increases because of doubling of times moved and because of usage 

of non standard routes (high lane volume multiplier) 

The overall problem with this is that the storage and OWC costs is about 55% of the total 
original costs, while the handling and transport is about 45% of the original costs. Given that 
the transport and handling costs can roughly double (because of double movements), and 
storage can only decrease by half; this would almost always mean an increase in costs.  

However when the logistical hub is chosen as the CSP, all positive effects still apply: the 
storage costs still decrease, and thus the OWC also decreases. However there is no 
doubling of handling or transport movements, because the physical network does not 
change, only the storage keeping rules change. Therefore, of the negative effects, only the 
increase in safety stock and the handling because of smaller orders are left. Two effects 
which are both relatively small. 

This last section is validated by the results of all the different set-ups in the system, showing 
that almost all setting with a CSP at a non logistical hub network increase the original total 
costs by up to 30%. 

Conclusion network setting 
When looking at the positive and negative effects, it becomes visible that choosing the CSP 
in a way that it is also a logistical hub, causes most negative effects to disappear while still 
keeping the positive effects. This is necessary because otherwise the negative effects would 
out way the positive ones and thus the total set-up will not create a savings. 

Also we can conclude that all the research questions posed in section 3.3 are answered by 
these results. 

13.4 Answers research questions 
To recap, the following research questions were formulated: 

• What is the impact of the new ‘network controlling models’ on the costs? 
• What is the impact of the usage of CSP’s on costs? 

With the following goal: 
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To take the CSP decision with all information and an understanding of the effects on 
all related costs in the Supply Chain 

After discussing the results, the impact of the new ‘network controlling models’ can be 
summarized as follows: In the set-up without a CSP, the storage costs increases slightly, 
while the safety storage costs almost triples. Furthermore the handling and transport costs 
stay largely unaffected, and the OWC increases similarly to the storage costs. The general 
conclusion is thus that in the current set-up, it appears as if the safety storage amounts are 
too low and that the new models are correcting this. 

The impact of the usage of CSP’s can be summarized as a possible saving of up to 30%, 
mainly being caused by a significant decrease of the storage costs: 

Saving Total 
storage 

Safety 
Storage 

Intake 
Handling 

Outgoing 
Handling  Transportation  OWC 

Final 
result 

1 6240 -334,85 -254,3 -55,97 -1,79 2079,84 7672,93 
Table 18.  Top savings result 

Next to the decrease in the storage costs, also the OWC costs decreases because of the 
direct link to the storage amounts. All the other costs increase, but only slightly, leaving a big 
savings opportunity in the use of the CSP network set-up. 

Finally the conclusion can be drawn that with the usage of the new models and the 
simulation tool, the CSP decision can now be taken with all the relevant information and 
understanding of the Supply chain. 
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14. Final conclusion and remarks 

In this thesis the question of CSP network design within Akzo Nobel has been investigated. 
This specific problem created issues within Akzo Nobel because it involves a cross-border 
and cross-functional problem. Given that financially every country and function is responsible 
for its own cost, the financial hierarchy makes it very hard to effectively tackle this problem: 
The financial hierarchy will push people to sub optimizing just to make sure their own 
financial results are as good as possible.  

Therefore the result of this thesis should not just be taken as a possible saving in the area of 
CSP network design. This thesis proves that with the right environment. The different 
functionalities can work together effectively to come to the optimal solution. The two effects 
that created the right environment in this setting: 

- The right escalating party -  Financial planning and analysis team  
- The right cross functional understanding - management tool 

14.1 Right escalating party 
The Financial planning and analysis team is the only team in the company that looks across 
the functionalities and on a European level. They are also the only party that controls the 
different costs of the different functions and has the right understanding of the costs to 
highlight possible areas of improvement. 

However for the FP&A team in Akzo Nobel, this case was also a reminder that improvement 
need to be continuously, so that the financial people at a central level know the workings of 
the other functions at all times to highlight possible areas of improvement like this.  

14.2 Cross functional understanding 
Next to the right escalating party with the correct knowledge, the knowledge also needs to 
be at the different functionalities. So when one functionality takes a decision, the effect this 
has on the other functionalities needs to be understood. In this thesis this problem was 
tackled by developing the management tool. A tool that can be used by all functionalities to 
try and understand what the effect of a decision has on the other functionalities. 

14.3 Conclusion CSP network design 
Within Akzo Nobel the CSP network design is now being further researched. The first data 
have shown a great potential that is now being investigated. Further research is being done 
on the effects that demand variability and lead times have on the result to identify which 
products are best suited for the CSP network design. 

14.4 Conclusion management tool 
The management tool is now being used to calculate the CSP network, but other 
applications to improve cross-functional understanding are being developed and the hope is 
that in the future similar tools can be used by the FP&A team to continuously look for 
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improvement on a European level and to ensure that all decisions are taken optimally for 
Akzo Nobel Supply Chain! 

14.5 Future research 
Within this thesis a number of assumptions have been made: 

- Fixed production locations 
- No new DCs or geographical DC moves 
- No different logistical tariffs given different utilization of lanes 

Each of these assumptions can be a reason for future research. For example the fixed 
production locations, for an international company it could be very profitable to change 
production location. However this will have an effect on all used models and thus increases 
the solution space quite a lot. More research should prove the advantages of this. 

The DCs in this thesis were again taken as fixed. The possibility to move or create new DCs 
would again greatly increase the solution space. Again future research should try to create 
algorithms that can handle this kind of research to find the possible advantages. 

The last point for future research is flexible logistical tariffs. Now a model has been 
developed that takes into account route usage. However for future research including the 
possibility that big changes in utilization can cause a base rate change would be very 
interesting. 
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15. Appendix 1: Variable definition 

Variable Definition Scale 
𝐴𝐷𝐷𝑖,𝑗 Average daily demand of sku 

i at DC j 
Pieces 

𝐶𝑂𝐶 Cost of capital Percentage 
𝐶𝑃𝑖 Cost product for SKU i Euro 
𝑑𝑖,𝑗𝑡1−𝑡2 Total demand for SKU I a DC 

j between time t1 and t2 
Pieces 

𝐷𝑌 Days in year Days 
𝐸𝑂𝑄𝑖 ,𝑗+  Economic order quantity 

model used for SKU i at DC j 
Pieces 

𝐸�𝐷(0, 𝐿]� 
 

Expected demand during 
production lead time 

Pieces 

𝑓𝑐𝑖𝑖,𝑗 Forecast inaccuracy SKU i at 
DC j 

Percentage 

𝑓𝑐𝑖𝑎 Average forecast inaccuracy Percentage 
𝐹𝑌𝐷𝑖,𝑗 Full year demand of SKU i at 

DC j 
Pieces 

𝐹𝑌𝐷𝑖,𝑗𝑃𝑎𝑙𝑙𝑒𝑡 Full year demand of SKU I at 
DC j in pallets 

Pallets 

𝐺𝐿𝑚 Gain with move of volume on 
lane m 

Euro 

𝐻𝐼𝑖,𝑗 Handling in costs at DC j for 
SKU i 

Euro 

𝐻𝑂𝑖,𝑗 Handling out costs at DC j for 
SKU i 

Euro 

𝐼𝑗 Incoming pallet tariff at DC j Euro 
K Safety Stock factor  
𝐿𝑗 Total lead time for DC j Days 
𝐿𝑝 Production lead time at 

production plant p 
Days 

𝐿𝑇𝐴−𝐵 Transport lead time from 
plant a to plant B 

Days 

𝐿𝐶𝑚 Lane costs per year on lane 
m 

Euro 

𝐿𝑀𝑚(𝐿𝑉𝑚) 
 

Lane multiplier for lane m 
(dependent on lane volume 
on lane m) 

 

𝑙𝑝𝑖 Liters per piece for sku i Liter 
𝐿𝑇𝑚 Basic tariff on lane m Euro 
𝐿𝑉𝑚 Volume on lane m per year Liter 
𝑀𝐵𝑆𝑃 Minimum batch size at 

production site p 
Liter 

𝑀𝐷𝑆𝑗 Minimum day of stock 
coverage at DC j 

Days 

𝑀𝑋𝐷𝑆𝑗 Maximum days of stock 
coverage at DC j 

Days 

𝑁𝐶𝐿𝑚 New Cost for lane m per year Euro 
𝑁𝐿𝑀𝑚 New Lane Multiplier for lane 

m 
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𝑁𝑆𝑖,𝑗 Normal Stock at DC j for 
SKU i 

Euro 

𝑂𝑗 Outgoing pallet tariff at DC j Euro 
𝑂𝐶𝐿𝑚 Old costs lane for lane m Euro 
𝑂𝐿𝑀𝑚 Old lane multiplier for lane m  
𝑂𝐶𝑗 Ordering Costs per pallet at 

ordering DC j 
Euro 

𝑂𝑆𝑖,𝑗 Average order size for sku i 
at DC j 

Pieces 

𝑂𝑊𝐶𝑖,𝑗 Operating working capital for 
SKU i in DC j 

Euro 

𝑃𝐶𝑖 Pieces on a pallet for SKU i Pieces 
𝑃𝑃𝑖,𝑗 Price per piece for SKU I at 

DC j 
Euro 

𝑆𝐶 Storage costs Euro 
𝑆𝐶𝑃𝑌𝑗 Storage Costs per pallet for 

full year at DC j 
Euro 

𝑆𝑆𝑖,𝑗 Safety Stock for SKU i at DC 
j 

Euro 

𝑇𝐶 Total costs of all sub-problems 
combined 

Euro 

𝑡𝑓𝑎𝑖,𝑗𝑡1−𝑡2 Total forecasted amount for 
SKU I at DC j between time 
t1 and t2 

Pieces 

𝜎(𝐷(0, 𝐿]) Variation demand during 
production lead time 

Pieces 

Table 19. Variables definition list 
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17. Appendix 3: Code management Tool 

To create the management tool, Microsoft visual studio was used. If readers are interested in 
the full code, please email: thijs.granzier@akzonobel.com. 
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