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Abstract 

This master thesis discusses a project that was performed at a company producing healthcare 

products for animals. The main focus of this thesis is on providing a strategy to handle packaging 

activities of products for the Asia Pacific region. These products are used to eliminate ticks and fleas 

on cats and dogs, they are applied to the neck of the animal (spot-on products). Based on expert 

knowledge within the company and existing literature on the topic, a model is created that identifies 

the impacts of implementing a packaging relocation strategy for these spot-on products. This model 

shows the effects of such a strategy on the total costs and a number of other KPI’s. 

Next to providing a quantitative analysis, this thesis also provides an analysis of the supply chain 

improvements that should be considered when implementing a packaging relocation strategy. This 

analysis identifies issues with regulatory changes and competencies in the field of change 

management as additional areas of consideration for the proposed strategy. 

Based on the qualitative and quantitative analysis of the strategy, this thesis concluded that 

adopting a packaging hub in South Korea is a beneficial strategy for the Company. However, it is 

recommended to further investigate the possibility of third party packaging partner within the EU 

region as this could provide further benefits. 
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Executive Summary 

This master thesis was carried out at a company producing healthcare products for animals, 

from now on referred to as the Company. The thesis investigated different strategies of handling 

packaging of spot-on products for growth markets like the Asia Pacific region. First, an AS-IS analysis 

of the situation at the packaging location for spot-on products of the Company in Germany was 

performed. Next, the thesis investigated a packaging relocation strategy where products will be 

packaged in a local packaging hub. This was done through the use of a packaging relocation model 

described below. Furthermore, a second strategy involving a third party packaging partner within the 

EU region was considered. However, this strategy was not fully investigated due to difficulties with 

third party packagers to bring out an offer. 

Research 

There was extensive literature found however, this literature focused on the cost benefits 

related to possible packaging relocation rather than considering also other aspects that need to be 

considered for such a strategy. Hence, there is a gap in the research that provides a formal model to 

calculate the costs benefits but furthermore also considers additional implementation issues which 

could influence the final decision whether or not a packaging relocation strategy is beneficial. This is 

what this thesis will attempt to provide. Following the literature review and the analysis of the 

packaging activities at the Company, the following research questions were considered: 

 What different small volume strategies that will relieve pressure on the packaging line at the 

supply center in Germany (SC Germany) can be identified? 

 What are the effects of implementing these strategies on the following KPI’s: cost of goods 

sold (CoGS), inventory cost (held at the destination warehouse and at the possible hub) and 

lead time at the Company and which strategy would be most valuable for the Company? 

 What is the academic contribution of the model proposed in this thesis? 

Packaging Relocation 

In this thesis a model has been developed to calculate the cost benefits associated with 

adopting a packaging relocation strategy. This model found the total cost benefits as well as the 

effects of the strategy on lead time, CoGS and the time freed up at their current supply center. The 

model optimizes the mix of products that should be considered for packaging at the hub and 

products whose packaging should remain at the current supply center. This tool can be generally 

used to calculate the cost benefits of adopting a packaging relocation strategy from a supply center 

to a hub location. Only the 30 products for the countries within scope (Asia pacific without Australia, 

New Zealand and Japan) were considered within the model. The one limitation of the model is that 

the total volume in units considered for the hub should be small enough compared to the total 
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volume in units packaged at SC Germany. This is so that removing products from the packaging line 

at SC Germany does not influence the packaging costs per unit at SC Germany. 

Results 

The total yearly costs related to transportation, inventory and packaging can be found in the 

Table below. It can be seen here that a packaging hub in Vietnam is about € 35,000 per year cheaper 

than opening a hub in South Korea. 

Table – Total Cost Outcomes of Model 

  South Korea Vietnam 

Transport Cost Hub € 76,167 € 99,417  
 SC Germany € 0 € 0 

Inventory Cost Hub € 29,626  € 29,561  
 SC Germany € 0 € 0 

Packaging Cost Hub € 208,060  € 149,738  
 SC Germany € 0 € 0 

Total  € 313,853 € 278,717 
 

Next, the table below shows the impacts on CoGS that can be expected when these products 

are packaged in the packaging hub. It can be seen here that in Vietnam all 30 products that were 

considered for the strategy have reduced CoGS and they are reduced on average by € 0.22. In South 

Korea, only 21 products have decreased CoGS with an average decrease of € 0.16, the remaining 9 

products have increased CoGS with an average increase of about € 0.03. 

Table – Impacts on CoGS 

 South Korea Vietnam 

# Increase 9 0 
Average increase € 0.03  € 0.00    
# Decrease 21 30 
Average decrease € 0.16   € 0.22 

 

The table below shows the total lead times from the packaging hub to the local countries. As it 

can be seen, Vietnam has a day longer lead time for most countries only Malaysia has a lead time 

which is the same for both hub locations. 

As both outcomes decide to package all products at the packaging hub, both locations will have 

the same impact on the freed up capacity in SC Germany. This freed up capacity can be seen in the 

second table below. Here it becomes clear that the total freed up capacity over a year is 23 full days 

divided over three different machines. This translates to a total potential packaging in this time of 

about 1 million extra units when all this time was spent on packaging and not setups. 
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Table – Total Lead Time in Days from the Hub to Final Destination 

 South Korea Vietnam 

India 10 11 
Philippines 10 11 
Taiwan 10 11 
Thailand 15 16 
Korea, Rep. Of 10 11 
Malaysia 10 10 

 

Table – Freed-Up Capacity in SC Germany 

Machine Days Potential Packaging 
(000s of Units) 

1 0  -    
2 9  285 
3 0  -    
4 0  -    
5 0  -    
6 1  32 
7 13  706 

Total 23  1,023  
 

Implementation Issues 

According to the Company’s regulatory affairs department, when moving packaging activities to 

a country outside of the EU, the product will have to be reregistered in all sales countries as being 

produced in a different country. Hence it is important to consider the cost and timeline related to 

this process. 

Furthermore, it is possible that there are limitations to importing products from the location of 

the packaging hub to the final destination of the products. It was found that South Korea provides an 

import regulation for products that are meant for exporting. i.e. this is a special registration available 

for products that are imported into South Korea for the sake of performing some process on them 

and then to export them. This enables the Company to save money on import taxes. This is not a 

registration that is provided in Vietnam. It is also very important to consider the changes that are 

required in the change management of the products as this is a complicated process which needs 

high competencies. This is not just for existing products but also getting products approved for sales 

by the local regulatory body. Therefore it is important for the packaging hub to have high levels of 

competencies in the field of change management. Currently, this is not a business that is performed 

at the SC in Vietnam. South Korea however, is already more advanced in this department and is 

planned to be included in the Company’s change management system. 
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Recommendations 

Based on the research within this thesis, there is only a choice between the three possible 

packaging sites; SC Germany, Vietnam or South Korea. Based solely on the information described 

within this thesis, it would be recommended to open a packaging hub in South Korea. It will reduce 

the complexity of packaging in SC Germany by eliminating products packaged there at a lower cost 

whilst still offering relatively high levels of competency in the field of change management. 

Furthermore, it allows for easier reregistration of the products which could be lengthy process 

otherwise. 

However, it would still be highly recommended to investigate the possibility of a second 

strategy of a third party packager as this would eliminate the need for reregistration whilst still 

reducing complexity at SC Germany. Furthermore, it will allow for change management activities to 

remain in SC Germany which eliminates the need for concern with the level of knowledge about 

change management activities at a packaging hub. 
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1. Introduction 

In today’s Western society, it is very normal to own a pet. However, just like humans, these pets 

sometimes need medical attention as well. The market for animal health has turned into a multi-

billion dollar industry (the Company, 2014). However, in some areas around the world, owning a pet 

is not so common yet. Therefore, the demand for animal health solutions in these regions is not so 

lucrative yet. Hence, producers of animal health solutions that focus on producing for the large 

western markets might have difficulties producing the small volumes demanded by these upcoming 

regions. Consequently, these manufacturers are looking for ways to optimize their production for 

these countries. This is the focus of this thesis; it will attempt to provide a framework at an Animal 

Health company, from now on referred to as ‘the Company’, that helps to make decisions on 

packaging relocation for markets with small demand figures. Finally, it is important to note all the 

numbers and figures in this thesis are fictive and are not based on reality. 

1.1 Thesis outline 

This report is structured as follows: in Chapter 2, a background is provided with the motivation 

behind the project, a description of the problem that exists at the Company, the research questions 

and a literature review. Next, in Chapter 3 the methodology of this thesis is outlined followed by an 

AS-IS analysis in Chapter 4. Chapter 5 then provides a description of the model that was developed 

and it discusses the findings related to a second strategy. Chapter 6 provides a description of the 

data collection and analysis. Next, Chapter 7 provides the outcomes of the model and includes a 

sensitivity analysis. Subsequently, Chapter 8 will mention some further areas that are important to 

consider when implementing the proposed strategy. Finally, Chapter 9 provides the conclusion of the 

model followed by the recommendations and areas for further research.  
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2. Research Questions and Objectives 

2.1 Motivation 

The motivation behind the topic of this master thesis for the Company are issues related to 

limited capacities on the filling and packaging line in SC Germany. In 2013, utilization of some of the 

filling and production machines exceeded 100% of available capacity (Luna Vicenteno, 2014). Hence, 

a lot of overtime is used for these lines. The high utilizations lead to some lost sales in certain 

countries due to unavailability of the products. Furthermore, the high utilizations lead to a high 

demand for overtime which is very costly. During the last years, the Company has entered many 

smaller markets with the spot-on products. There has been an increase of small volume production 

orders on the filling and packaging lines. As these small volume orders have lower outputs per setup 

than the larger volume orders, they take up relatively much capacity. Therefore, removing some of 

these orders of the lines will free up more production capacity per unit that is removed than 

removing the larger volume orders. This is due to the fact that the average production rate is higher 

for larger volume orders when accounting for the setup time; with the same set-up time and 

production rate, a lower volume will have a lower total production rate if the setup time is taken into 

consideration. 

Furthermore, the pipette production line contains products from the spot-on products. The 

contribution to the Company’s net € sales of the spot-on products is about 37% of total the 

Company’s net sales in 2014 (the Company, 2015). Hence, it becomes clear that the spot-on products 

is an important product group that makes a significant impact on the Company’s sales. 

2.2 Problem Description 

The purpose of this thesis with the Company is to define a company strategy for small volume 

orders of spot-on products made for the Asia Pacific and China (APAC) region. The pipette 

production line produce spot-on products. These spot-on products consists of products aimed at 

companion animals (cats and dogs) and provides protection against a combination of fleas, ticks 

and/or other insects. They are administered by applying a drop of the product in the necks of the 

animal, hence the name ‘spot-on’ products. However, not all countries in the APAC region will be 

considered. Australia, New Zealand, China and Japan will be left out of scope due to the high 

volumes being shipped to Australia and New Zealand, due to high quality demands for packaging in 

Japan which causes them to handle their own packaging and due to the high complexity of changing 

registrations in China (taking up to five years). To avoid confusion, the APAC region is split into two, 

the small AP region which includes all the countries which are in scope, and the APAC region which 

also includes the remaining countries. 
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Orders of animal medication to growth markets found in the APAC region are usually relatively 

small. These orders are sent straight from SC Germany to their final destination. The products are all 

packaged in country specific packaging in SC Germany before being sent to their final destination. 

This thesis investigated the possibility of relieving the filling and packaging processes in SC Germany 

by several possible strategies; for example by moving some of the packaging and handling processes 

closer to the final destination through a relocation strategy. 

The goal of this master thesis is to investigate whether it is possible to create a more flexible 

supply chain for small volumes that will result in a lower cost of the Company’s supply chain for spot-

on products. By flexibility it is meant that there is a better response to changes in demand and better 

lead times to the customer. The aim of this master thesis is to start with a look at the filling and 

packaging of spot-on products in SC Germany. For the filling and packaging line, an analysis will be 

made of the impact of “small volume” production orders on these lines and if they have a significant 

impact. Following this analysis, an assessment will be made about what can be done to reduce the 

impact of small volume production orders by packaging these products elsewhere; either close to SC 

Germany or closer to the final destinations in a packaging hub owned by the Company. It is 

important to take into account regulatory and import/export requirements in the analysis of these 

strategies. Furthermore, the Pharma division of the Company can be used as a source of information 

on how they succeeded moving some of their operations to their Singapore hub. Finally, as one of 

the outcomes of this thesis, the effects of the implementing such a hub on a number of KPI’s is 

required; the Cost of Goods Sold (CoGS); lead time, and inventory will be investigated. 

 

Figure 1 – SC overview Spot-On Products 

In Figure 1, an overview is given of the supply chain for the spot-on products. External suppliers 

deliver the API’s directly to the SC Germany where they are first put into storage. They are then 

transformed into finished products before they are shipped to the local warehouse and then on to 

the final customers in the region. Figure 1 also shows which of these supply chain stages are left in 

scope after limiting the scope in a discussion with the Company; the production, finished good 

storage and the distribution to the final customer. This scope was decided on as this is where the 

problems were initially identified and it is possible to consider this scope decoupled from the rest of 

the process. 

Final 
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Distribution 
Finished 

Good Storage 
Production
& Packing 

Storage Raw 
Materials 

Suppliers 
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Figure 2 – Spot-On Products Production Product Flow 

Figure 2 shows a graphical representation of the flow of the pipettes in SC Germany 

(production, packing and finished product storage from Figure 1). The production process starts with 

the storage of the active pharmaceutical ingredients (API’s). Depending on the desired end-product, 

some of the API’s are then mixed to produce a mixture that has the desired chemical properties. This 

mixture of API’s is then stored before the next steps. Subsequently, the API or mixture of API’s is 

filled into pipettes as the primary packaging. After the filling step, there is another inventory point 

for the filled pipettes. Finally, the pipettes are packaged in a secondary and tertiary packaging in the 

packaging step after which the final packages are stored in the finished product inventory. A more 

detailed description of the filling and packaging processes will follow later. 

After discussion with the Company it was decided to limit the scope of this thesis to the filling 

and packaging processes in SC Germany and the spot-on products shipped to countries in the small 

AP region. This was decided as the filling and the packing lines were thought to have the most major 

issues in dealing with small volume demands. Furthermore, the limit to the small AP region was 

made in order to have a scope which is achievable within the time provided for this thesis. In Figure 

2 the scope can be seen in the shaded area. The filling and packaging line both consist of seven 

machines. These lines produced around 1200 SKU’s in total in 2014 (447 SKU’s in filling and 754 

SKU’s in packaging) which are sent to approximately 60 different countries. These countries are 

either supplied directly from SC Germany or via regional hubs. It is important to note that some of 

these regional hubs already provide some minor repackaging activities. Thailand for example 

repackages some finished products from SC Germany to send to Malaysia, Indonesia and Singapore. 

However, these are just exceptions to the general rule that filling and packaging is finished in SC 

Germany.  

Based on initial interviews with involved parties, the following strategies to free up capacity in 

SC Germany have been identified as feasible within the constraints of the Company: 

SF products 
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products 
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 A relocation strategy for the small volumes designated for the small AP region by setting up a 

packaging hub within the small AP region. This will be done by keeping the packaging 

activities in-house in a local supply center (SC) in Vietnam or South Korea. This strategy can 

be used either for the entire Small AP portfolio or only a selection. 

 Secondary packaging at a third party packaging site within Germany or possibly in Hungary. 

The primary packaging step (filling the pipettes) remains in SC Germany. 

No strategy considering third party packaging in the APAC region is considered in this thesis as 

this is not within the scope provided by the Company. 

2.3 Research Questions 

It is necessary to define a number of research questions which will be answered within the 

thesis. Initially, it is essential to identify possible strategies that will fulfill the purpose and scope of 

the thesis. Hence, the following research question has been identified:  

 What different small volume strategies that will relieve pressure on the filling and packaging 

line at SC Germany can be identified? 

As is outlined above, the goal is to identify a single strategy that is optimal for the Company. 

This will be achieved by an analysis of the possible strategies. A model in Microsoft Excel® that 

calculates the effects of packaging relocation on the KPI’s mentioned above will be the deliverable of 

this thesis. The following further research questions have been identified to achieve these goals: 

 What are the effects of implementing these strategies on the following KPI’s: CoGS, 

inventory and lead time at the Company and which strategy would be most valuable for the 

Company? 

Finally, it is essential to identify the academic importance of this thesis. Hence, the following 

research question will make sure the academic impact of this thesis is discussed: 

 What is the academic impact of the model proposed in this thesis? 

2.4 Literature Review 

In a search of the literature for packaging relocation, it was found that the majority of the 

papers only consider cost benefits that can be earned (Rodriguez, 2001) (Venables, 1999). They do 

not often consider the effects of the packaging relocation on softer aspects such as the flexibility of 

the packaging line which can be improved by reducing the number of products. There are also 

further benefits that can be gained when employing a relocation strategy (Seth & Panigrahi, 2015). 

These added benefits are important to also consider as part of this thesis to be able to provide an 

informed decision. Seth & Panigrahi (2015) created a model to calculate the benefits of a packaging 
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postponement strategy based on expert knowledge from within a company. It was found that the 

situation describe in their paper is similar to the situation considered at the Company. There is one 

central plant where the products are packaged and there are several regional distribution centers. 

Furthermore, there are many different products distributed into different product groups (in this 

case 3 different products within the spot-on products). There were many different packages which 

caused a high number of SKU’s specific for each region. Furthermore, the products considered within 

the paper all have relatively low volumes and long setup times are required for these products. 

These are all very similar to the situation at the Company. Furthermore, the process of packaging 

postponement they describe is a form of packaging relocation. Hence, the paper by Seth & Panigrahi 

(2015) could provide some important insights in the situation at the Company. It was found that 

after implementing the packaging relocation strategy where products for each region were packed 

locally at the distribution centers, the inventories dropped, the total packaging costs were reduced 

due to lower complexity and the responsiveness to demands was improved (Seth & Panigrahi, 2015).  

The paper by Seth & Panigrahi (2015) provides a very qualitative discussion of the packaging 

relocation strategy which is a limitation of that model to be used for future reference. This thesis will 

attempt to extend their paper by also providing a quantitative model to investigate the effects such a 

strategy has on operations. 
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3. Methodology 

This chapter will provide an outline of the structure of this master thesis. It provides an 

important guideline for the progress of the thesis. To gain an initial understanding of the problem 

and to gauge for possible strategic changes, a round of interviews with involved parties will be 

conducted. Especially the regulatory, local business, controlling, marketing and change management 

departments could have valuable inputs on the limitations that need to be considered. The 

regulatory department can provide information on issues related to reregistering products due to 

moving the secondary packaging step elsewhere; what changes are required on registrations and 

how long do these changes take. The business department from the APAC region can provide 

information on export limitations within the region; there could be limitations on export and import 

between two countries within the region. Likewise, the controlling department can provide an 

indication on restrictions on investments and current initiatives performed that might impact the 

outcomes of this thesis (e.g. initiatives to reduce working capital). The marketing department can 

provide necessary data on projected growth values for the small AP region. Growth information is 

important to develop a strategy that will account for future changes in demand; with a higher 

projected growth there might be different strategies that need to be considered. Finally, the change 

management department has information on any possibilities of having a combined packaging for 

several countries and the process involved; using the same filling SKU for the same products in all 

small AP countries will limit the number of SKU’s on the filling line in SC Germany and therefore it 

will free up capacities by minimizing setups. Furthermore, it would be beneficial to speak with 

parties that are currently involved with repackaging efforts in the APAC but also other regions to see 

what current competencies are available where. 

Many articles from literature only consider the effects on inventory cost when analyzing the 

effects of relocating packaging  (Seth & Panigrahi, 2015). However, there are several important 

performance indicators that are influenced by packaging relocation. The paper by Seth & Panigrahi 

(2015) is one of the few papers that consider the impact of packaging relocation on more than just 

inventory cost. The model used in this thesis will be created in a similar approach as the paper by 

Seth & Panigrahi (2015). However, the model in this thesis will be of a more quantitative nature than 

the model described in Seth & Panigrahi (2015). Their model is not based on pure mathematical 

calculation rather than combining mathematical calculations with the knowledge of experts in their 

relevant fields to obtain outcomes. This process is outlined below. Finally, this model will still need to 

be adjusted in a way to include a decision model that will not just calculate the benefits of a 

packaging strategy but also optimize the products that will be included in the strategy.  

It was decided within the scope of this thesis to create a deterministic model rather than a 

stochastic model. This was decided to simplify the final model and due to the relative predictability 
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of the market developments; the market for spot-on products has been well established over the 

past decades. Therefore, there are not so many uncertainties as the market for new products. Due to 

the deterministic nature of the problem, the outcomes of the model provide a lower bound for the 

actual packaging costs. Due to the predictability of the market for these spot-on products, the actual 

cost is not likely to be much different than the costs calculated by the model. Hence, the outcomes 

of the model are significant knowledge. Next, the number of scenarios were limited before the 

model was created. This was done as within the Company, only certain strategies would be 

considered to be implemented and hence, it would not be interesting to look at further strategies 

that would not be considered.  

The effects on local inventory at the Company’s affiliate in the country will be calculated based 

on the changes in lead times and newly calculated safety stocks. The effects of inventory in the 

supply center and packaging sites will be based on changes in transport modes and also newly 

calculated safety stocks. The calculation for the new stock levels will be based on a predefined 

service level for the countries. 

Next, the cost of moving the packaging elsewhere has to be evaluated. This includes all direct 

costs like new equipment cost and personnel cost required to run any extra packaging facilities. 

However, also indirect cost will be included in the model. These are for example extra personnel cost 

to deal with change management and regulatory affairs while switching over registrations. 

Furthermore, shipping cost make up a significant portion of the total cost per product (Beamon, 

1998). Therefore, it is important for any new strategy to consider any potentials of decreasing 

transportation cost by considering transportation mode changes. Due to the increased volumes 

shipped to a packaging hub, the new volumes could possibly be shipped by ocean/road carrier rather 

than by airfreight. The transportation from the packaging hub to the local markets would still be 

done by airfreight but the initial sea freight/road transport could offer significant cost savings 

overall.  

The shipping cost will be recalculated dependent on the new strategy and its chosen mode of 

transport. For the transportation cost, the same strategy is used as with the lead time. For the 

existing transport lines, internal data on cost is used whereas for new transportation lines, a quote 

will be requested from a logistics service provider. Finally, these costs are then divided amongst the 

volume of products packaged in the new packaging hub to obtain new CoGS values per SKU. 

However, all these cost depend on the final volume of products that will be packaged 

elsewhere. Hence, the model will also need to optimize cost and all other the KPI’s based on which 

SKU’s should be packaged locally and which products should still be packaged in SC Germany. The 

model will be put into Microsoft Excel® and then different groups of SKU’s will be considered to be in 
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scope for the chosen strategy and the effects on all the KPI’s for these products are investigated. 

Finally, as an outcome, a single most optimal strategy and group of SKU’s will be determined based 

on the analysis.  
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4. AS-IS Situation at the Company 

This chapter will provide a detailed description of the AS-IS situation of the pipette filling and 

packaging process at the Company’s SC Germany, Germany. All the analysis in chapter 4 is based on 

2014 production, shipment and sales data from SAP at the Company (i.e. Table 1 - Table 8 and Figure 

3 - Figure 9). This analysis attempts to find the impact of filling and packaging small volumes on the 

filling and packaging lines and whether their impact is significant. This is to be able to make a 

decision whether or not action is needed at the respective line to reduce the number of small 

volumes packaged there. It focuses on the filling and packaging processes which can be found in 

Figure 2. 

4.1 Market 

First, it is important to note that the filling of the pipettes for the entire world demand of the 

spot-on products is done at the SC Germany. Also most of the packaging of the pipettes is done in SC 

Germany as negligible volumes of pipettes are packaged or repackaged elsewhere. As the small AP 

region is so close to the remaining APAC region, any repackaging location in the APAC region can be 

considered. There are a few locations where such repackaging/packaging activities are currently 

carried out in the APAC region. In Thailand and in Taiwan, some products are repackaged into new 

country-specific packages for Malaysia, Indonesia and Singapore. Likewise, Japan receives bulk 

shipments of pipettes they package locally solely for the Japanese market. Shipments of finished 

products are mostly shipped by containership to the large volume countries like China, Australia, 

New Zealand and Japan. For the small volume countries, it does not make sense to reserve an entire 

container on a ship. Therefore, these countries are supplied instead directly by airfreight. 

Table 1 – Distribution per Region 

Region # Packaging Products PCE per Order % Orders % Volume % Sales 

NorAm 122 21,220 21.27% 39.29% 52.83% 

EU 309 9,939 43.21% 37.39% 27.54% 
LatAm 101 11,100 10.76% 10.40% 6.31% 
APAC 65 7,810 10.58% 7.19% 9.10% 
Small AP 43 4,495 5.24% 2.05% 0.99% 
EEMEA 112 4,722 8.95% 3.68% 3.22% 

 

The Company distinguishes five major regions. There is North American (NorAm), which consists 

of the U.S. and Canada. Latin America (LatAm) consists of Central and South America, Spain and 

Portugal. EU concerns all the western European countries (excl. Spain and Portugal). APAC is the 

entire Asia Pacific Region together with China. However, for the scope of this thesis, the APAC region 

is split into the small AP region (APAC excl. Australia, New Zealand, Japan and China) and the regular 

APAC region which is the APAC region minus the small AP countries. Finally, there is the Eastern 
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Europe, Middle East and Africa Region (EEMEA). Table 1 shows an initial analysis of the data related 

to these 5 regions to gain a better understanding of the importance of these relative markets. 

From Table 1 it can be seen that the small AP region takes up about 2% of the entire packaging 

volume in units of finished products from SC Germany. This is relatively unimportant considering 

volumes shipped to other regions. A similar image is seen when considering sales to this region as 

they make up only 0.99% of total sales worldwide. Nevertheless, these contributions have been 

increasing over the last few years; due to the growing economies in these countries. An annual 

growth of 15% is expected for the next five years in the small AP region (the Company, 2015). This 

indicates that the small AP region is becoming an ever more important market for the Company and 

even has a lot more growth potential left based on its population. 

 

 

Figure 3 – Distribution of Volumes and Sales per Region 

To make these volumes and sales for the five regions more visual, Figure 3 shows these volumes 

in a graphical form. From this figure, it becomes clear which regions have relatively higher sales 

compared to the volume that is shipped there to see the profitability of a region. The two regions for 

which this is the case are the North American and APAC region. However, the small AP region is has 

relatively higher volumes than sales. This is important to note to see the relative importance of the 

regions compared to the ratio between their volume share and sales share. Once again, seeing that 

all these regions are supplied directly from SC Germany indicates the tremendous pressure on the 

SC. 

► Sales 

► Volume 
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4.2 Supply Center 

To create an initial analysis of the impact of small volumes on the filling and packaging line in SC 

Germany, the Economic Production Quantity (EPQ) is calculated for each machine individually. These 

EPQ values are based on a five day working week with an effective availability of 80% of the day 

which is a value based on experience in SC Germany. To define what would be considered a small 

volume production order for the filling and packaging machines in the SC Germany, the EPQ values 

for the specific machines are used as a boundary (a production order which has a quantity below the 

EPQ is a small volume production order and above the EPQ is not). The outcomes of this calculation 

can be found in Table 2. 

Filling and packaging in SC Germany is done in a cyclical process. For both the filling and 

packaging line individually, there is a set sequence in which the SKU’s are handled to minimize the 

setup times. For the filling line, there are two aspects that influence the setup times; first the 

API/mixture of API’s that is required and second the size of pipettes being filled. To change the 

pipette size is only a minor setup. However, to change the API/mixture of API’s that is used requires 

a longer setup time to allow for thorough cleaning of the machine. 

Table 2 – EPQ per Machine 

Machine Average EPQ (PCE) 

Filling 6,700 
101 8,890 
102 9,803 
103 9,859 
104 3,890 
105 5,260 
106 7,169 
107 1,758 

Packaging 3,300 
1 4,121 
2 4,784 
3 2,987 
4 2,131 
5 2,399 
6 3,305 
7 3,218 

 

For the packaging machines, there are four different aspects that influence the setup times; the 

type of blister/pouch combination, the size of the folding box that is used for tertiary packaging, the 

type and size of package insert (information leaflet) and the size of pipette being packaged. This 

packaging cycle has recently been completely optimized to minimize the setup times. The aspect that 

causes the major setup is the type of blister/pouch combination as that takes the most time to 
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change around. The remaining three aspects all respectively take less time; the folding box size 

changeover takes more time than the insert changeover which in turn takes more time than the 

pipette size changeover. 

For every combination of the aspects that affect the setup times, there are several SKU’s which 

have several different destinations around the world. That means for example on a packaging 

machine that for a given blister, folding box, package insert and pipette size, there are several SKU’s 

that might be sent to a number of different countries around the world (not just to one region). As 

the production sequence for all machines has been optimized already, just removing some SKU’s 

sent to the Small AP region will not have any effect on the production sequences for the machines. 

4.2.1 Filling Line 

At the filling line in SC Germany, seven filling machines are available. These seven machines are 

only used for pipette filling and labeling; the blistering and/or pouching of the pipettes is only done 

on the packaging line. All the machines can fill any size of pipette and they are all identical. The 

reason the EPQ values for the machines from Table 2 are different is due to the fact that every 

machine is set up to only fill one pipette size. During the filling process, the pipettes are labeled 

before being filled. This is because the pipette loses its round shape after it gets sealed which makes 

it impossible to attach the label that is currently used on the pipette.  Having the label on at this 

early stage indicates that the pipettes become country specific at an early stage in the production 

process. Also, important production order information is printed onto the label which ensures the 

tracking of batches. However, it is important to note that for most small AP countries, it is possible to 

have a generic label in English and then put a country specific leaflet into the packaging box. 

According to the small volumes boundaries seen in Table 2, a split can be made to see what 

percentage of the total machine run time was used to produce small volumes (% Total Time). From 

Table 3 it can be seen that 3.26% of the total available time was spent on the manufacturing of small 

volumes. It can also be seen that this 3.26% of total time is only attributed to 1.15% of the total 

number of units produced on the filling line (% Volume). Hence, the setup times for these small 

volumes must make up a significant portion of the total setup times to explain this discrepancy. This 

also follows from Table 3 as it can be seen that a total of 10.88% of the total time spent on setups 

was used for setups of small volume orders (% Setup Time). 

In Figure 4, the numbers from Table 3 can be found in a graphical representation for extra 

clarity. It shows the cumulative percentage volume in number of pipettes, total time (TT) and setup 

time (ST) that are taken up by filling volumes ranging from zero until 9,859 units (the maximum value 

of small volumes on the filling line from Table 2). These values are calculated by seeing for every 

filling order whether or not it is below the EPQ limit from Table 2. When it is below this limit, its size, 

time and setup time are recorded as a small volume. This is done for all orders and then the sizes, 
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total time and setup times for all small volume orders are summed and divided by the entire volume, 

total time and total setup time spent by the line. 

Table 3 – Small Volumes on Filling Line 

Volume 
(PCE) 

Average PCE per 
Order in this Category 

% Total Time % Setup Time % Volume 

1,972 1,193 0.10% 0.47% 0.010% 
3,944 3,001 0.85% 3.26% 0.22% 
5,915 4,832 1.06% 3.79% 0.34% 
7,887 6,722 0.67% 1.76% 0.30% 
9,859 8,674 0.57% 1.59% 0.28% 

Total  3.26% 10.88% 1.15% 
 

 

Figure 4 – Small Volumes on Filling Line 

Here it becomes clear how the three values are disproportionate compared to each other. With 

increasing volumes, the difference between the % Volume, % TT and % ST is increasing. This is due to 

the relatively higher percentage of time spent on setting up the machine rather than running the 

machine. 

With the 2014 production data, an analysis can be made on what percentage of machine time is 

utilized by small volumes. Figure 5 shows that the percentage of total time spent on filling small 

volume orders (SVTT) for all seven machines is significantly higher than the percentage of total 

volumes these small volumes take up. This % SVTT of TT is calculated by seeing per machine the total 

time spent on small volumes as mentioned above and dividing this by the total time this machine has 
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spent running. The same approach has been used for the % orders and the % SVST of ST by adding 

the total number of orders and setup time that has been spent on small volumes on a machine and 

dividing it by the total on that machine. 

Table 4 – Small Volumes on the Seven Machines at the Filling Line 

Machine % Orders % SVTT of TT % SVST of ST % Volume 

101 27.14% 4.88% 15.91% 2.22% 
102 16.13% 3.32% 10.50% 1.35% 
103 17.41% 3.61% 11.83% 1.19% 
104 5.52% 0.54% 2.36% 0.15% 

105 10.53% 1.78% 7.16% 0.44% 
106 25.16% 6.25% 20.49% 1.61% 
107 0.79% 0.00% 0.00% 0.00% 

 

 

Figure 5 – Small Volumes on the Seven Machines at the Filling Line 

The difference between these can be as high as a factor of four. Besides that, Figure 5 shows 

that filling orders for small volumes take up from ~0.5% to ~6% of the total run time of a machine. 

Table 4 shows that especially machines 101 and 106 spent a significant portion of their time on small 

volumes as those machines spent around 5.5% of their available time on filling small volume orders. 

This only corresponds to around 2% of the total number of pipettes filled on those machines. Hence, 

limiting the number of small volume orders can make a relatively significant impact on machine 

capacities. Nevertheless, the share of small volumes on the filling machines at 5.5% is still relatively 

low. This is due to the high filing rate and low number of SKU’s on the filling line. Moreover, the 
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small volume limit found in Table 2 is higher on average which in combination with larger filling 

orders causes a lesser effect on the filling lines. 

Concluding, it can be said that small volumes are not a significant problem on the filling line in 

2014. They only take up about 3% of the total run times on the machines with extremes up to 6.25% 

of the total time. The limited impact of small volume can be explained by the relatively high filling 

rate of the filling machines. On the other hand, the filling orders on the filling line are also larger 

compared to the packaging line. Nevertheless, the higher filling rate and shorter setup times lead to 

little impact of small volumes at the filling line. Furthermore, the filling line only deals with a limited 

number of SKU’s which in turn increases the average lot size. This further reduces the need for 

additional, unwanted setups. 

The minimal impact of small volume filling on the filling line is also a reason to exclude the filling 

process from a possible relocation strategy. The filling process is highly complex and would require 

significant efforts to be moved elsewhere. This is due to the fact the primary packaging activity 

would be performed elsewhere. Hence, there would be significant efforts that have to be made in 

the form of the reregistration of products. 

4.2.2 Packaging Line 

Just like with the filling line, there are seven packaging machines dedicated to the pipette 

packaging line at the SC Germany. Each machine is able to package pipettes into boxes. However, 

unlike the filling line, the packaging line consists of machines of three different types, more on this 

below. To ensure the quality of the pipette, there are three different types of containers a pipette 

can be packaged in. 

1. Similar to tablets like acetaminophen, a pipette can be sealed into a blister. It is 

important to note that one blister can hold several pipettes. 

2. Due to instability reasons, some of the pipettes have to be put into an airtight container 

(pouch) after filling (one of the three spot-on products requires this). Therefore, some 

machines allow for a single pipette to be put into a pouch which is heat sealed on the 

edges. 

3. A blister itself is not airtight; hence, when the stability mentioned in point 2 is required 

for blisters, a second protective layer is required. Therefore, the last form of packaging 

is a combination of the other two; pipettes are put into blisters and then these blisters 

are put into a pouch. 

After this secondary packaging step is done, these blisters or pouches are put into a folding box 

together with a leaflet to create the finished product. As a final step, these folding boxes are then 

further packaged into shipping cartons before being shipped to their final destination. 
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Table 5 – Packaging Machine Capabilities 

Machine Capabilities % of Small AP Volume in 2014 

1 Pouching and Packing 0% 
2 Blistering and/or Pouching and Packaging 4% 
3 Blistering and Packing 40% 
4 Blistering and/or Pouching and Packaging 4% 
5 Blistering and Packing 22% 
6 Blistering and/or Pouching and Packaging 7% 
7 Blistering and Packing 22% 

 

Table 5 shows there are three machines just for blistering, three machines that can either do 

blistering by itself or put these blisters into a pouch and there is one machine just for pouching. All 

seven machines are capable of putting the blisters/pouches into a small cardboard box. Machine 1 is 

the newest and most automated machine available. Due to its high level of automation, machine 1 

has longer setup times. Therefore, it would be unfavorable to produce small quantities on this 

machine. Currently, the only region that has volumes large enough to make the minimum packaging 

order on this machine is the U.S.; hence machine 1 is dedicated to U.S. packaging. The last column of 

Table 5 shows what percentage of the total small AP volume is produced (in 2014) on each of the 

seven machines. This is valuable information to be able to focus on the machines where the small AP 

products are being packaged. 

Table 6 – Small Volumes per Region from the Packaging Line 

Region % Orders % Volume 

NorAm 14.81% 1.16% 
EU 34.32% 4.97% 
LatAm 31.91% 3.82% 
APAC 17.39% 4.88% 
Small AP 42.57% 17.47% 
EEMEA 51.38% 18.89% 

 

To gain a better understanding of the impact of small volume packaging orders, it is important 

to see which regions have most small volume packaging orders. In the Small AP region, about 43% of 

the total number of orders are for quantities that are considered small volumes (% Orders). This can 

be seen in Table 6. Also, it can be found that a total of 17% of the total volume sent to this region is 

packaged as part of small volume packaging orders (% Volume). 

When considering Figure 6 it can be seen that the small AP region deals with a considerable 

number of small volume orders which concern a relatively high percentage of the total packaging 

volume for that region. Only the EEMEA region has a comparable percentage of small volume orders, 
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with a volume share of 19% compared to the total volume. On the other side of the spectrum is the 

NorAm Region where only 15% of all orders and 1% of the entire volume concerns small volumes. 

 

Figure 6 – Small Volumes per Region from the Packaging Line 

Table 7 – Small Volumes on Packaging Line 

Volume 
(PCE) 

PCE per 
Order 

% Total Time % Setup Time % Volume 

957 512 4.06% 5.83% 0.30% 
1,914 1,274 6.40% 11.42% 1.30% 
2,871 2,228 4.03% 7.14% 1.57% 
3,827 3,113 1.26% 2.37% 0.66% 
4,784 4,265 0.34% 0.51% 0.22% 

Total  16.09% 27.26% 4.05% 
 

The small volumes for the other regions concern around 30% of orders and 5% of volumes. 

Interesting to see here is that there are no markets without small volume packaging orders; even in 

NorAm, the largest market for the Company, 15% of all orders are small volumes. This can partly be 

explained by smaller rush orders later in the year when inventory is threatened by stock-outs. 

Another reason would be the obsolescence of certain SKU’s. These SKU’s are planned to be replaced 

but are still sold for a limited time meaning they are packaged in only small volumes. 
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Figure 7 – Small Volumes on Packaging Line 

Just like at the filling line, a division can be made for the packaging line to see what percentage 

of the total machine run time was used to produce small volumes. Table 7 shows that 16% of the 

total available time was spent on the manufacturing of small volumes. It also shows that this 16% of 

total time is only attributed to 4% of the total number of units. Again, this discrepancy is caused by 

the difference in setup times spent on small volumes. This also follows from Table 7 as it can be seen 

that 27% of the total time spent on setups was due to small volumes packaging orders. It is also 

interesting to note that these percentages are significantly higher than with the filling line. As is 

mentioned before, the higher packaging rate and the smaller number of SKU’s at the filling line are 

the reason behind these differences in the impact of small volumes on both lines. 

In Figure 7, the numbers from Table 7 can be found in a graphical representation. It shows the 

cumulative percentage of units, total time and setup time that are taken up by filling volumes 

ranging from zero until 4,784 units (the highest small volume limit in the packaging machines from 

Table 2). Again, as the packaging volume is increasing, the difference between the volume, TT and ST 

is increasing. This is due to a relatively higher percentage of time spent on setting up rather than 

running the machine which was just discussed. It is also interesting to note that the data from Figure 

7 looks ‘smoother’ than the data from the filling line in Figure 4. This can be explained by the larger 

number of SKU’s produced in small quantities on the packaging line. These larger quantities produce 

more aggregated numbers which in turn produces a smoother graph. 
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Table 8 – Small Volumes on the Seven Machines at the Packaging Line 

Machine # Regions % Orders % SVTT of TT % Volume 

1 1 4.40% 1.50% 0.33% 
2 5 27.75% 13.92% 4.92% 
3 5 41.59% 26.43% 9.25% 
4 5 13.21% 4.90% 1.50% 
5 5 54.69% 45.50% 14.46% 
6 5 19.16% 6.59% 2.54% 
7 5 24.14% 12.38% 4.28% 

 

 

 

Figure 8 - Small Volumes on the Seven Machines at the Packaging Line 

Table 8 shows that the SVTT for all seven machines is significantly higher than the percentage of 

total volumes these small volumes take up. On the packaging line, the difference between these 

percentage shares can be as high as a factor five on machine 1. From Figure 8 it becomes clear that 

there are also large differences in the impact small volumes have on the seven machines. Small 

volume orders take up from ~1.5% to ~46% of the total run time of a machine. The lowest impact 

can be found at machine 1. At this machine only 1.5% of the total run time is spent on small volumes. 

This is due to machine 1 only serving the North American market which is the largest market with 

barely any small volumes. However, especially for machines 3 and 5 the time spent on small volumes 

is a significant portion of the total time as those machines spent around 26% and 46% of their 

available time on filling small volume orders respectively. From Table 8, it becomes clear this 

corresponds to only 9% and 14% of the total volume packaged on those machines respectively. 
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These percentages are quite significant as they indicate the high numbers of small volumes that are 

produced on these machines and the significant impact they have on the total packaging time.  

 

Figure 9 – Share of Small Volumes on the Seven Packaging Machines per Region 

Considering Table 5, it is important to note that the three machines that spend most of their run 

time on small volumes, machines 3, 5 and 7, are the machines that produce the highest volumes for 

the small AP region. Additionally, Figure 9 shows the share of the small volumes per machine 

dedicated to all the regions. This is calculated by dividing the time spent on producing small volumes 

for a certain region on a machine by the total time that machine spent on producing small volume 

orders. It is based on the respective volumes rather than the time. It can be seen here that the small 

volumes from the Small AP region take up the largest shares on machines 3, 5 and 6. Hence, these 

machines will be affected the most by the small volume packaging order from the Small AP region.  

In conclusion, it can be seen that small volumes had a larger impact in 2014 on the packaging 

line than they have on the filling line. On average, small volumes take up around 27 % of the total 

run time of the packaging machines and 4% of the total volume on the packaging machines. This is 

due to the relative higher complexity of the packaging line. There are smaller volumes per order, 

more SKU’s and more packaging orders. This combined with the lower packaging rate of the 

packaging line causes a high impact of small volumes. 
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5. Strategies 

5.1 Strategy I – Packaging Relocation 

The packaging relocation model described in this chapter will identify and clarify all the costs 

related to moving the packaging activities of spot-on products away from SC Germany to an 

alternative, in-house, packaging location. Furthermore, the model will identify the effects on the 

KPI’s mentioned in Chapter 2.2; CoGS, lead time to the customer from the hub, inventory, and 

Service Level (the % of orders to SC Germany filled on time). The latter KPI, service level, will be used 

as an input to make sure the right inventory level can be calculated. The model is used to optimize 

the total cost related to packaging in SC Germany and the hub. It will do this by identifying an 

optimal mix of products that should be packaged at the proposed hub instead of at SC Germany. As 

was mentioned above, the model will be based off of the model by Seth & Panigrahi (2015). 

This chapter will provide an outline of the proposed model and how it is built up. The model is 

created in Microsoft Excel® together with visual basics to allow for ease of use by the company. 

5.1.1 Cost Structure 

In order to determine whether or not a packaging hub model is viable at the Company, it is 

essential to consider the total cost related to packaging in SC Germany and the hub. It is not 

necessary to calculate all the costs that are involved with the packaging relocation as some cost are 

incurred no matter where these products are packaged. The model will only consider the costs that 

are different in both scenarios, e.g. it will not consider the cost for packaging material in both 

locations as these will be the same. It is assumed at the start of the model that the hub is open and it 

will calculate the costs accordingly. 

The costs that will be considered are the transportation cost for all transportation legs, the 

holding cost and the packaging cost. For the holding cost there will be a subdivision into the cost for 

in-transit stock for all transportation legs, safety stock, and cycle stock in the hub and local 

warehouses. Furthermore, all the cost calculated in this model are for an entire year. In the following 

sections, there will be a further explanation off all these costs and how they are included in the 

model.  

5.1.1.1 Transportation Cost 

As is mentioned before, transport cost make up a large part of the total cost of a product 

(Beamon, 1998). Therefore, it is very important to consider the changes in the transport cost for a 

strategy as these can have a significant impact on the final total costs. The transport to the packaging 

hub can be carried out using the three major transport types; truck, ocean, and plane. The choice on 

which transport type to use, depends on the volume of the shipment and the distance from SC 

Germany to the packaging hub. Within Europe, trucks will likely be the most economic form of 
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transportation whereas shipments to a hub in the small AP region are likely to take place by ocean 

transportation. The costs of all different transportation modes were obtained from the Company’s 

procurement department. For each mode, a different calculation was required; Table 9 shows how 

the cost of the different transport modes can be calculated. As it can be seen, for ocean shipments, 

you directly pay for a complete container whereas for air and truck, you pay only for what you ship. 

For small values of chargeable weight, this could lead to occasions that shipping by air can be 

cheaper than shipping by ocean. 

Table 9 – Cost Base per Transport Mode 

Transport Mode Cost Base 

Air Price per kg chargeable weigh 
Ocean Price per container 
Truck Price per kg chargeable weight 

 

5.1.1.2 Holding Cost 

A smaller component of the total cost of a product is the holding cost. However, relocating 

packaging activities away from the SC might have a large impact on the total holding cost. Therefore, 

it is important to consider these cost within this model. Within the model, a distinction will be made 

between holding cost incurred whilst products are in-transit and holding cost incurred when 

products are located within a warehouse. 

In-Transit Holding Cost 

The transit holding costs are related to the cost of holding inventory for the duration a product 

resides en-route to a destination. In the case of a packaging hub, an extra transportation leg is added 

to the total travel time of a product. The extra leg will add an additional component to the in-transit 

holding cost which will add to the existing cost. Furthermore, due to the possibility of combining 

shipments on the first leg of the journey from SC Germany to the packaging hub, it could be possible 

to have a modal shift. This modal shift from air to ocean transportation could have a significant 

impact on the total lead time of a product and hence on the in-transit holding cost of the product. 

Safety Stock & Cycle Stock Cost 

The second component of holding cost that is considered in the relocation model is the cost 

incurred in the warehouses at the hub and the final destinations. These include all the cost of holding 

inventory that will change when considering a packaging hub solution. First, the additional holding 

costs that are incurred by storing the cycle stock at the packaging hub are considered. These cycle 

stock costs are only incurred in the hub scenario due to the lack of a current packaging hub. Second, 

the costs include the benefits that are obtained by reducing safety stock in the local warehouses due 

to the shorter lead time from the packaging hub. Finally, the warehouse holding cost exclude the 
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cost of holding cycle stock inventory in the local warehouses as these remain the same due to the 

number of yearly shipments staying the same. 

5.1.1.3 Packaging Cost 

The final cost category that is considered in the relocation model is the packaging cost. It was 

found that the packaging cost make up a substantial impact on the total cost of a product. Therefore, 

changes in the packaging cost can have a significant impact on the decision of whether or not a 

packaging hub would be beneficial. Also, it is hypothesized that the largest change in cost will be 

found in the packaging cost. However, not all aspects of the packaging cost need to be calculated. 

For example, the cost of printing an insert-leaflet is not significantly different in different packaging 

locations. Therefore, the cost related to packaging materials are left out of scope. The costs that are 

considered within the scope of this model can be found in Table 10. 

The costs components that are mentioned in Table 10 are the components that have been 

identified together with the Company’s controlling department to be different across different 

packaging locations. 

Table 10 – Packaging Cost Components 

Category  Component 

Machine Investment Depreciation 
 Maintenance 
 Energy Consumption 
 Overhead Building & Energy 
Labor Machine Occupation 
 Manual Packaging 

 

5.1.2 Input Parameters 

In order to perform the calculations that are required to calculate the benefits and downsides of 

a packaging relocation model, some parameters were determined up front to display the input to 

the model. These parameters are the following: 
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General 

𝐷𝑎 Total demand in the year in units for product a, with a = 1,2,…,N 

𝐷𝑜,𝑎 Demand in units in packaging order o for product a where o is 

independent of a 

𝑁 Number of products considered (packaging product) as part of 

the packaging hub strategy 

𝑛𝑎,𝑏 Number of pipettes of type b per unit of product a; there is one 

pipette b, that is used in product a 

𝑞    Annual depreciation as a percentage of investment 

𝑆 Number of packaging orders in the year, the number of packaging 

orders per product can be found in Appendix 3 – Packaging 

Orders per Product per Year 

𝑡 denotes a period, t = 1,2,…,T  

T Number of periods for shipments to the hub 

Transport 

𝑖    Origin of shipment 

𝑗    Destination of shipment 

𝐾𝑝    Capacity in m3 of ocean transport mode p 

𝑡𝑖,𝑗
𝑝

  Ocean transport cost in Euro between origin, i, destination, j, and 

ocean transport mode p 

𝑡𝑖,𝑗
𝐴   Air transport cost in Euro between origin, i, destination, j, per kg 

chargeable weight 

𝑡𝑎 Air transport cost per unit of product a in Euro from SC Germany 

to the final destination 

𝑣𝑎 Volume in m3 of packaged product a 

𝑣𝑏,𝑎 Volume in m3 per pipette of type b that belongs to product a; 

there is one pipette b, that is used in product a  

𝑤𝑎 Weight in kg of packaged product a 

𝑤𝑏,𝑎 Weight in kg per pipette of type b that belongs to product a; 

there is one pipette b, that is used in product a 

Holding Inventory 

𝑐𝑎
𝐾    CoGS in Euro per unit of product a in SC Germany 
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𝑐𝑎
𝐻 CoGS in Euro per unit of product a in the hub 

𝑐𝑏    CoGS in Euro per unit of pipettes of type b 

𝐻𝐶   Annual holding cost as a percentage of CoGS 

𝑙𝑆𝐶,𝑗 Total transport time to destination j from SC Germany in days 

(incl. customs) 

𝑙𝐻,𝑗 Total transport time to destination j from the hub in days (incl. 

customs) 

𝑙𝑆𝐶,𝐻
𝑂  Total transport time from SC Germany to the hub for ocean 

transport mode in days (incl. customs) 

𝑙𝑆𝐶,𝐻
𝐴  Total transport time from SC Germany to the hub using air 

transport mode in days (incl. customs) 

𝑙𝑡 Length of period t in days 

𝑆𝐿𝑎   Required service level as a percentage for product a 

𝑆𝑆𝑎
𝐾   Safety stock level in units of product a from SC Germany 

𝑆𝑆𝑎
𝐻   Safety stock level in units of product a from hub 

Packaging 

𝐴    Area required for new machine at the hub in m3 

𝐵𝑢    Building cost in Euro in hub location u per m3 

𝐵𝐸𝑢   Building energy cost in Euro in hub location u per m3 

𝑐𝑑,𝑎
𝐾  Packaging costs (machine and labor cost) in Euro of product a in 

SC Germany per unit of product a 

𝐸    Energy Consumption of new machine at the hub in kW 

𝑒𝑢    Energy cost in hub location u in Euro/kWh 

𝐼    Investment in Euro necessary for buying new machine at hub 

𝑖𝑎,𝑓
𝐾  Time in hrs taken up by product a on machine f in SC Germany 

including setup time 

𝑀𝐸   Number of employees required to run new machine at hub 

𝑀𝑀𝐶   Annual maintenance cost in Euro of new machine at hub 

𝑟𝑚    Hourly packaging rate of new machine at the hub in units/hr 

𝑟𝑝    Hourly manual packaging rate at the hub in units/hr 
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Figure 10 provides a graphical representation of the model with all the cost parameters shown. 

An apastrophe above a costing term indicates only part of the costs are caused here. 

 

Figure 10 – Graphical representation of the Packaging Relocation Model  

5.1.3 Model Formulas and Calculations 

It is important to note that all the cost calculated in this section are yearly total cost in Euro. 

Furthermore, there are two decision variables: 𝑥𝑎 which is a binary decision variable which indicates 

whether a product is packaged in the hub (𝑥𝑎 = 1) and 𝑝𝑡
∗ which is a decision variable which 

determines the cheapest ocean transport mode in pre-defined number of potentially differently 

sized containers. 

5.1.3.1 Assumptions 

In order to be able to create a model that captures the impact of a relocation strategy, a 

number of assumptions have to be made to reduce the complexity. The following assumptions were 

made: 

1. It is possible to use labor for the packaging line on a per hour basis. This assumption can be 

made because the supply centers that are considered have idle time for current employees 

which can be filled up by packing on the new machine. 

2. Goods receipt time for all countries except for Thailand is assumed to be zero. This is value 

that has been taken from experience within the Company. 

𝑟𝑓
𝐾    Hourly packaging rate of machine f in SC Germany in units/hr 
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3. The cost of a new manual packaging machine is the same no matter where it will be 

delivered around the world (the cost of shipping is negligible compared to the total cost of 

the machine). 

4. Pipettes are still filled in SC Germany. 

5. All pipette-labels are printed in English. This will minimize inventory in hub and SC Germany 

and is allowed for all countries that are included in the strategy. 

6. Annual holding cost is assumed to be 17% of CoGS based on the Company’s standards (in 

warehouse and in transit). 

7. Transport costs and lead times are based on figures from the Company’s procurement 

department. 

8. No extra holding costs when a product is awaiting ocean transportation. 

9. Only one shipment per period is sent to the packaging hub. 

10. All arrivals to the hub in a period are consumed in that period. 

11. Capacity in SC Germany is not a problem anymore due to the recent purchase of a new 

machine and additional packaging shifts. 

12. Cycle stock reduces in a linear fashion during a period in the packaging hub. 

13. The delivery from SC Germany to the hub arrives on the first day of a period. 

14. The delivery from SC Germany to the hub at the beginning of a period is entirely consumed 

in that period. 

15. Safety Stock held physically at the hub is assumed to be negligible. 

5.1.3.2 Transport Cost Calculation 

This section will provide the formulas that are required for calculating the transport cost that 

are incurred in the scope of a packaging relocation model. However, in order to calculate the 

transportation cost related to shipping products to and from the packaging hub, one has to 

understand the concept of chargeable weight. The chargeable weight is the weight that logistic 

service providers (LSP’s) use to calculate the total costs of a shipment. LSP’s use this cost to avoid 

customers paying low rates for products which are not so heavy but are very bulky. It converts the 

volume of a shipment into a minimum weight that has to be charged for such a volume and 

compares this with the actual weight of a shipment. The larger one of the two is used to calculate 

the price of the shipment. Equation 1 shows how the chargeable weight (𝐶𝑊) is calculated. 

𝐶𝑊 = 𝑚𝑎𝑥(𝑉𝑜𝑙𝑢𝑚𝑒
0.006⁄ , 𝑊𝑒𝑖𝑔ℎ𝑡)       (1) 

Now the concept of chargeable weight is known, it is important to calculate the chargeable 

weight of the shipments from SC Germany to the packaging hub in a period t. Furthermore, it is 

important to know the chargeable weight for all packaging orders that are shipped from the 

packaging hub to their final destination. In order to calculate these chargeable weights, it is first 
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important to calculate the shipping volume and weight. For the shipments to the hub, the 

calculations for the volume (𝑉𝑡) and weight (𝑊𝑡) in period 𝑡 can be found in equation 2 and 3. It is 

important to note that 𝐷𝑜,𝑎 indicates the packaging order o of product a and the o indicates which 

packaging order number is discussed. This is independent of a. Hence for 𝑜 = 1, could be 𝑎 = 1 and 

𝑜 = 2 could be 𝑎 = 5. Moreover, it is also important to note that for every product a, there is only 

one pipette of type b that is used. 

𝑉𝑡 = ∑ 𝑥𝑎 ∗ 𝐷𝑜,𝑎 ∗ 𝑛𝑎,𝑏 ∗ 𝑣𝑏𝑎𝑙𝑙 𝑜 𝑖𝑛 𝑡        (2) 

𝑊𝑡 = ∑ 𝑥𝑎 ∗ 𝐷𝑜,𝑎 ∗ 𝑛𝑎,𝑏 ∗ 𝑤𝑏𝑎𝑙𝑙 𝑜 𝑖𝑛 𝑡        (3) 

Equations 4 and 5 display the calculations that are required to obtain the volume (𝑉𝑜,𝑎) and 

weight (𝑊𝑜,𝑎) of all packaging orders. 

𝑉𝑜,𝑎 = 𝐷𝑜,𝑎 ∗ 𝑣𝑎          (4) 

𝑊𝑜,𝑎 = 𝐷𝑜,𝑎 ∗ 𝑤𝑎          (5) 

These four equations can now be used to calculate the chargeable weights of shipments to the 

hub per time period t (𝐶𝑊𝑡) and for each packaging order (𝐶𝑊𝑜,𝑎). 

𝐶𝑊𝑡 = 𝑚𝑎𝑥 (
𝑉𝑡

0.006
, 𝑊𝑡)         (6) 

𝐶𝑊𝑜,𝑎 = max (
𝑉𝑜,𝑎

0.006
, 𝑊𝑜,𝑎)        (7) 

For shipments to the packaging hub, it is possible to send shipments either by ocean or by air. 

Depending on the volume of the shipment, either air transportation or ocean transportation could 

be cheaper. Furthermore, when it comes to ocean shipments it is possible to take several different 

containers; a 20 ft, 40 ft or any combination of these. Hence, in order to calculate the total transport 

cost for these shipments it is necessary to find the cheapest combination of containers for which the 

volume of a shipment (𝑉𝑡) is smaller than the combined capacity of these containers (𝐾𝑝). This is 

indicated by transport mode p; the mode p is a combination of containers which could be used for 

transportation (e.g. p=1 is a 20 ft container, p=2 is a 40 foot container, p=3 is a 20 foot and a 40 foot 

container, etc). Equation 8 shows us how to find 𝑝𝑡
∗; start with 𝑝 = 1 and find if the total volume of 

the shipment in period t (𝑉𝑡) exceeds the capacity of the shipment mode of 𝑝 = 1 (𝐾1), if 𝑉𝑡 does 

not exceed this capacity then 𝑝𝑡
∗ = 1, if not this process is repeated for  

𝑝 = 2 until a 𝑝𝑡
∗ is found.  

𝑝𝑡
∗ = 𝐼𝐹(𝐾𝑝 > 𝑉𝑡 𝑎𝑛𝑑 𝐾𝑝−1 < 𝑉𝑡 , 𝑝, 𝑟𝑒𝑝𝑒𝑎𝑡 𝑓𝑜𝑟 𝑝 + 1)    (8) 

Equation 9 shows us how this 𝑝𝑡
∗ is then used to find the transport cost to the hub in period t. 
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𝑇𝑇𝐶𝑡 = min (𝑡𝑖,𝑗
𝐴 ∗ 𝐶𝑊𝑡 , 𝑡𝑖,𝑗

𝑝𝑡
∗

)        (9) 

Next, equation 10 shows the equation to calculate the cost of all shipments to the packaging 

hub in a year (𝑇𝑇𝐶𝐻). 

𝑇𝑇𝐶𝐻 = ∑ 𝑇𝑇𝐶𝑡
𝑇
𝑡=1          (10) 

Next, equation 11 displays the equation that is used to calculate the total costs for all shipments 

from the packaging hub to their final destination in a year (𝑇𝑇𝐶𝐷). It is important to note that for this 

shipment there is no possibility to use another transport mode other than air. Hence, no cost 

optimization like in equation 9 is required here. 

𝑇𝑇𝐶𝐷 = ∑ 𝑥𝑎 ∗ 𝐶𝑊𝑜,𝑎 ∗ 𝑡𝑖,𝑗
𝐴𝑆

𝑜=1         (11) 

Finally, the total costs of all transportation related to the hub in a year (𝑇𝑇𝐶𝐻) can be found in 

equation 12 by adding equations 10 and 11 

𝑇𝑇𝐶𝐻 = 𝑇𝑇𝐶𝐻 + 𝑇𝑇𝐶𝐷         (12) 

In order to find total transport cost in a year from SC Germany, equation 13 can be used. 

𝑇𝑇𝐶𝐾 = ∑ (1 − 𝑥𝑎) ∗ 𝐷𝑎 ∗ 𝑡𝑎
𝑁
𝑎=1        (13) 

Furthermore, it is important to calculate the total yearly cost related to every product a. 

Equation 14 and 15 provides the calculations necessary for the total transport cost incurred in a year 

for product a, at SC Germany (𝑇𝑇𝐶𝑎
𝐾) and at the hub (𝑇𝑇𝐶𝑎

𝐻). 

𝑇𝑇𝐶𝑎
𝐾 = (1 − 𝑥𝑎) ∗ 𝐷𝑎 ∗ 𝑡𝑎        (14) 

𝑇𝑇𝐶𝑎
𝐻 = 𝑥𝑎 ∗ (

∑ 𝐶𝑊𝑜,𝑎 ∗ 𝑡𝑖,𝑗
𝐴

𝐴𝑙𝑙 𝑜 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑛𝑔 𝑎 +

∑ 𝑇𝑇𝐶𝑡 ∗
∑ 𝐷𝑜,𝑎∗𝑛𝑎,𝑏∗𝑣𝑏𝐴𝑙𝑙 𝑜 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑛𝑔 𝑎 𝑖𝑛 𝑡

𝑉𝑡
𝐴𝑙𝑙 𝑡 𝑡ℎ𝑎𝑡 𝑖𝑛𝑐𝑙𝑢𝑑𝑒 𝑎

)  (15) 

5.1.3.3 Holding Cost Calculation 

This section consists of two parts, part one discusses the calculations necessary to obtain the 

costs of holding cycle stock and in-transit inventory whereas part two discusses the way safety stock 

values where obtained using a new tool from the Company which was developed as part of a 

bachelor thesis (Keltz, 2015). 

In-Transit Inventory Calculation 

This section will discuss the calculations required to obtain the costs of holding in-transit 

inventories. First it is important that the new CoGS for a product a in the hub are calculated (𝑐𝑎
𝐻). 

This is done by taking the CoGS of the finished products, a, from SC Germany (𝑐𝑎
𝐾) and subtracting 

only the packaging costs incurred in SC Germany (𝑐𝑑,𝑎
𝐾 ). Next, the costs of packaging product a per 
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unit in the hub (
𝑇𝑃𝐶𝑎

𝐻

𝐷𝑎
) can be added. 𝑐𝑎

𝐻 is not calculated by adding the cost of packaging in the hub 

to the cost of the pipettes. This is due to the fact there is additional costing terms that are incurred 

for packaging that are assumed to remain the same in the hub and SC Germany of which the value is 

unknown (e.g. packaging materials). Equation 16 shows the calculation necessary to obtain 𝑐𝑎
𝐻. 

𝑐𝑎
𝐻 = 𝑐𝑎

𝐾 − 𝑐𝑑,𝑎
𝐾 +

𝑇𝑃𝐶𝑎
𝐻

𝐷𝑎
        (16) 

To be able to calculate the in transit holding cost, first the transport time from SC Germany to 

the hub in period t (𝑙𝑆𝐶,𝐻,𝑡) should be calculated. This is due to the fact that every period could use a 

different transport mode to the hub according to equation 9. Equation 17 shows the calculation 

necessary to calculate 𝑙𝑆𝐶,𝐻,𝑡. The equation first checks if the transport cost from SC Germany to the 

hub in period t (𝑇𝑇𝐶𝑡) are equal to the shipment costs by air to the hub (𝑡𝑖,𝑗
𝐴 ∗ 𝐶𝑊𝑡). If this is the 

case, the air transport time (𝑙𝑆𝐶,𝐻
𝐴 ) is taken and if this is not the case, the ocean transport time (𝑙𝑆𝐶,𝐻

𝑂 ) 

is taken. This is independent of the ocean transport mode p as all containers take the same amount 

on a ship. 

 𝑙𝑆𝐶,𝐻,𝑡 = 𝐼𝐹(𝑇𝑇𝐶𝑡 = 𝑡𝑖,𝑗
𝐴 ∗ 𝐶𝑊𝑡 , 𝑙𝑆𝐶,𝐻

𝐴 , 𝑙𝑆𝐶,𝐻
𝑂 )      (17) 

Equation 18 shows the calculation required to obtain the yearly in-transit inventory cost from SC 

Germany to the hub and from the hub to the final destination of a product (𝐼𝑇𝐶𝑎
𝐻). Equation 19 

shows the calculation for the yearly in-transit holding cost from SC Germany to the final destination 

of a product (𝐼𝑇𝐶𝑎
𝐾). 

𝐼𝑇𝐶𝑎
𝐻 = 𝑥𝑎 ∗ 𝐻𝐶 ∗ (

∑ (
𝑙𝑆𝐶,𝐻,𝑡

365
∗ ∑ 𝐷𝑜,𝑎 ∗ 𝑛𝑎,𝑏 ∗ 𝑐𝑏𝐴𝑙𝑙 𝑜 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑔 𝑎 𝑖𝑛 𝑡 )𝐴𝑙𝑙 𝑡 𝑡ℎ𝑎𝑡 𝑖𝑛𝑐𝑙𝑢𝑑𝑒 𝑎

+
𝑙𝐻,𝑗

365
∗ 𝑐𝑎

𝐻 ∗ 𝐷𝑎

) (18) 

𝐼𝑇𝐶𝑎
𝐾 = (1 − 𝑥𝑎) ∗ 𝐻𝐶 ∗ 𝑐𝑎

𝐾 ∗
𝑙𝑆𝐶,𝑗

365
∗ 𝐷𝑎       (19) 

Hence, the total yearly in-transit holding cost for the hub and SC Germany can be calculated 

using equation 20 and 21. 

𝐼𝑇𝐶𝐻 = ∑ 𝐼𝑇𝐶𝑎
𝐻𝑁

𝑎=1          (20) 

𝐼𝑇𝐶𝐾 = ∑ 𝐼𝑇𝐶𝑎
𝐾𝑁

𝑎=1          (21) 

Cycle Stock Inventory Calculation 

Next, it is important to note that for the calculation of the cycle stock, only the cycle stock in the 

hub is calculated. The number of shipments and the size of the shipments to the final customer stay 

the same regardless of the packaging location. Therefore the cycle stock at the destination 

warehouse remains the same. Hence, there is no calculation necessary for the current case as there 
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is currently no cycle stock held at a packaging hub. It is assumed that the cycle stock reduces in a 

linear fashion during the month (constant demand). Furthermore, it is assumed that the delivery 

from the previous period has entirely been consumed at the end of the period. Hence, equation 22 

shows the calculation for the yearly cycle stock cost for a products a. 

𝐶𝑆𝐶𝑎
𝐻 = 𝑥𝑎 ∗ 𝐻𝐶 ∗ ∑

𝑙𝑡

365∗2
∗ ∑ 𝐷𝑜,𝑎𝐴𝑙𝑙 𝑜 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑛𝑔 𝑎 𝑖𝑛 𝑡 ∗ 𝑛𝑎,𝑏 ∗ 𝑐𝑏𝐴𝑙𝑙 𝑡 𝑡ℎ𝑎𝑡 𝑖𝑛𝑐𝑙𝑢𝑑𝑒 𝑎  (22) 

Finally the total yearly cycle stock costs for all products combined can be found through 

equation 23. 

𝐶𝑆𝐶𝐻 = ∑ 𝐶𝑆𝐶𝑎
𝐻𝑁

𝑎=1          (23) 

Safety Stock of final product Calculation 

Using a special tool that was developed recently at the Company, the optimal safety stock level 

in units of a product has been found. Ideally, the safety stock should not be consumed, hence, the 

safety stock inventory cost is a constant for the year. Equation 24 and 25 show the calculation of the 

safety stock costs at the warehouse in the destination country in a year of product a from SC 

Germany (𝑆𝑆𝐶𝑎
𝐾) and the hub (𝑆𝑆𝐶𝑎

𝐻). It is assumed that compared to all other costs of holding 

inventory, the safety stock costs of pipettes b at the hub are negligible. This is due to the low value of 

the pipettes (𝑐𝑏) and the combining of several product a having the same pipettes in the hub which 

would lower the uncertainty in demand for these pipettes b. 

𝑆𝑆𝐶𝑎
𝐾 = (1 − 𝑥𝑎) ∗ 𝑆𝑆𝑎

𝐾 ∗ 𝑐𝑎
𝑘 ∗ 𝐻𝐶       (24) 

𝑆𝑆𝐶𝑎
𝐻 = 𝑥𝑎 ∗ 𝑆𝑆𝑎

𝐻 ∗ 𝑐𝑎
𝐻 ∗ 𝐻𝐶        (25) 

To obtain the total yearly costs related to holding safety stocks, equation 26 and 27 are used. 

𝑆𝑆𝐶𝐾 = ∑ 𝑆𝑆𝐶𝑎
𝐾𝑁

𝑎=1          (26) 

𝑆𝑆𝐶𝐻 = ∑ 𝑆𝑆𝐶𝑎
𝐻𝑁

𝑎=1          (27) 

5.1.3.4 Packaging Cost Calculation 

In the following chapter, the calculations necessary to obtain the packaging costs are discussed. 

The packaging costs consists of two contributors, the costs related to the purchase, location and 

maintenance of a new machine and the labor cost that are required to run the machine and 

manually pack the products into packages. 

There are four components of the cost of a machine (𝑀𝐶), depreciation costs, maintenance 

costs, overhead costs related to the location where the machine is standing and the cost of energy 

consumption necessary to run the machine. Equation 28 provides a calculation of all these costs in a 

year. 



   

33 

 

𝑀𝐶 = 𝐼 ∗ 𝑞 + 𝑀𝑀𝐶 + 𝐴 ∗ (𝐵𝑢 + 𝐵𝐸𝑢) + ∑ 𝑥𝑎 ∗
𝐷𝑎

𝑟𝑚
𝑁
𝑎=1 ∗ 𝐸 ∗ 𝑒𝑢   (28) 

The yearly labor cost (𝐿𝐶) incurred by packaging in the packaging hub can be found using 

equation 29. It consists of the cost of an employee that is present to control the machine and the 

costs of the employees that are required to complete the manual packaging. 

𝐿𝐶 = ∑ ((
𝑥𝑎∗𝐷𝑜,𝑎

𝑟𝑚 + 𝑆𝑇) ∗ 𝑀𝐸 +
𝑥𝑎∗𝐷𝑜,𝑎

𝑟𝑝 ) ∗ 𝑊𝐴𝑢
𝑆
𝑜=1      (29) 

By adding these equation 28 and 29, the total yearly hub costs related to packaging can be 

found which can be seen in equation 30. Equation 31 in turn, displays the calculation required to 

obtain the total yearly packaging costs related to the machine activity and labor at SC Germany. 

𝑇𝑃𝐶𝐻 = 𝑀𝐶 + 𝐿𝐶         (30) 

𝑇𝑃𝐶𝐾 = ∑ (1 − 𝑥𝑎) ∗ 𝑐𝑑,𝑎
𝐾 ∗ 𝐷𝑎

𝑁
𝑎=1        (31) 

Just like with the holding costs and the transport costs, it is necessary to find the total packaging 

costs in a year for each product a. For the SC Germany and the hub packaging costs these can be 

found in equations 32 and 33. 

𝑇𝑃𝐶𝑎
𝐻 = 𝑥𝑎 ∗ (

𝐷𝑎

∑ 𝑥𝑎∗𝐷𝑎
𝑁
𝑎=1

∗ 𝑀𝐶 +

∑ ((
𝐷𝑜,𝑎

𝑟𝑚 + 𝑆𝑇) ∗ 𝑀𝐸 +
𝐷𝑜,𝑎

𝑟𝑝 )𝐴𝑙𝑙 𝑜 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑛𝑔 𝑎 ∗ 𝑊𝐴𝑢

)  (32) 

𝑇𝑃𝐶𝑎
𝐾 = (1 − 𝑥𝑎) ∗ 𝑐𝑑,𝑎

𝐾 ∗ 𝐷𝑎        (33) 

In equation 32, there are two terms. First comes the term which allocates the machine cost to 

product a by the percentage of the total units that are packaged on the machine that is taken up by 

product a. Second comes the labor cost that are used during the packaging of product a. In equation 

33 and 31, the packaging cost in SC Germany are calculated by means of the current packaging costs 

of those products. It is assumed that these packaging costs do not change when some products are 

not packaged in SC Germany anymore due to the fact that the volume that is taken away from SC 

Germany is negligible compared to the total volume packaged in SC Germany. Hence, the fixed cost 

per unit in SC Germany will remain constant. This straight away shows a limitation of this model; the 

model cannot be used to see the effects of packaging relocation when a relatively large volume of 

units compared to the total volume of units that is packaged at SC Germany is considered for the 

strategy. 

5.1.3.5 Optimization Function of the Model 

The model uses the non-linear optimization solver that comes with Microsoft Excel® to obtain 

the set of products that should be considered for the packaging hub. As was mentioned before, only 
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two of the three spot-on products offered by the Company are considered as the third product 

would require further investments in order to guarantee the stability of the products. Hence the 

start of the model is a list of all those two spot-on products for the Small-AP region. For this, a solver 

model was set up in order to determine which products should be included as part of the packaging 

hub and for which products it would be most beneficial to remain in SC Germany. Equation 34 shows 

the objective function for this model. 

min (∑ (
𝑥𝑎 ∗ (𝑇𝑇𝐶𝑎

𝐻 + 𝐼𝑇𝐶𝑎
𝐻 + 𝐶𝑆𝐶𝑎

𝐻 + 𝑆𝑆𝐶𝑎
𝐻 + 𝑇𝑃𝐶𝑎

𝐻)

+(1 − 𝑥𝑎) ∗ (𝑇𝑇𝐶𝑎
𝐾 + 𝐼𝑇𝐶𝑎

𝐾 + 𝑆𝑆𝐶𝑎
𝐾 + 𝑇𝑃𝐶𝑎

𝐾)
)𝑁

𝑎=1 )   (34) 

This model decides for all products a where they should be packaged. Hence there is a binary 

decision variable to indicate this (𝑥𝑎). When 𝑥𝑎 is 1, it indicates the product is packaged in the hub 

and when 𝑥𝑎 is 0, the products is packaged in SC Germany. This is shown in equation 35. 

Furthermore, there is a capacity restriction in the hub, it is subject to the constraint mentioned in 

equation 36. As there is only one possible machine that can be purchased for packaging in the hub, 

the capacity restriction is independent of the investment into a new machine. 

𝑥𝑎𝜖{0,1}     𝑥𝑎 = 1 𝑖𝑛 𝐻𝑢𝑏, 𝑥𝑎 = 0 𝑖𝑛 𝑆𝐶 𝐺𝑒𝑟𝑚𝑎𝑛𝑦  (35) 

∑ 𝑥𝑎 ∗ 𝐷𝑜,𝑎𝑎𝑙𝑙 𝑜 𝑖𝑛 𝑡 ≤ 𝐶𝑡         (36) 

Where the capacity in period t, 𝐶𝑡, is defined as follows assuming an 8 hour workday. 

𝐶𝑡 = 𝑙𝑡 ∗ 8 ∗ 𝑟𝑚          (37) 

The first time the model runs, it uses the current CoGS for all products (𝑐𝑎
𝐾) and when the model 

runs once, the CoGS for the products packaged at the hub are replaced with the newly calculated 

CoGS at the hub (𝑐𝑎
𝐻). As it is possible to receive a new outcome using a different value of the CoGS, 

the model will run as many time as necessary until the CoGS do not change anymore. This is 

achieved using VBA in Microsoft Excel®. The code of this model is attached in Appendix 2 –. 

5.1.3.6 Impacts calculation 

Finally, it is important to find the impacts of the proposed strategy on packaging in SC Germany. 

These impacts were calculated after running the model. First it is important to find the total number 

of products that are now sent to the hub. This can be found using formula 38. 

∑ 𝑥𝑎
𝑁
𝑎=1            (38) 

It is important to see the capacity that will be freed at SC Germany (𝐹𝐶). Furthermore, it is 

important to see the effects on the CoGS. To be able to calculate this, it should be known that 

currently, every product a is only packaged on a single machine in SC Germany. Equations 39, and 40 

provide the calculation necessary to obtain the planned freed up capacity in full days and potential 
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packaging in units on the different machines f in SC Germany. In reality this freed up capacity could 

be more or less than this calculated value as the number calculated here is based on an average 

packaging time which is based on experience. 

𝐹𝐶𝑓(𝑑𝑎𝑦𝑠) =
∑ 𝑥𝑎∗𝑖𝑎,𝑓

𝐾𝑁
𝑎=1

24
        (39) 

𝐹𝐶𝑓(𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙) = ∑ 𝑥𝑎 ∗ 𝑖𝑎,𝑓
𝐾𝑁

𝑎=1 ∗ 𝑟𝑓
𝐾       (40) 

Next, the effects on the CoGS of the products that are packaged in the hub needs to be 

evaluated. Equation 41 shows the calculation to indicate how many CoGS have increased and 

Equation 42 shows how many CoGS have decreased. To explain, in equation 41, it is checked for 

every product a that are packaged in the hub (𝑥𝑎), whether the CoGS in the hub (𝑐𝑎
𝐻) are larger than 

the current CoGS (𝑐𝑎
𝐾). When this is true, a 1 is summed and if not a 0 is summed. Hence, equation 

41 returns the total number of products a that are packaged in the hub of which the CoGS has 

increased. Equation 42 does the same to check how many products have reduced the CoGS. 

𝐶+= ∑ 𝑥𝑎 ∗ 𝐼𝐹(𝑐𝑎
𝐻 > 𝑐𝑎

𝐾 , 1,0)𝑁
𝑎=1        (41) 

𝐶−= ∑ 𝑥𝑎 ∗ 𝐼𝐹(𝑐𝑎
𝐻 > 𝑐𝑎

𝐾 , 0,1)𝑁
𝑎=1        (42) 

Equation 43 and 44 show on average, how much the CoGS have changed. The same approach as 

in equation 41 and 42 is used. However, over here the absolute difference between the CoGS is 

summed and then divided by the number of CoGS that have increased or decreased to find an 

average. 

𝐴𝐶+=
∑ 𝑥𝑎∗𝐼𝐹(𝑐𝑎

𝐻>𝑐𝑎
𝐾,𝑐𝑎

𝐻−𝑐𝑎
𝑘,0)𝑁

𝑎=1

𝐶+
        (43) 

𝐴𝐶−=
∑ 𝑥𝑎∗𝐼𝐹(𝑐𝑎

𝐻>𝑐𝑎
𝐾,0,𝑐𝑎

𝐾−𝑐𝑎
𝐻)𝑁

𝑎=1

𝐶−
        (44) 

For clarification, Appendix 1 –  shows screenshots of the model and its tabs in Microsoft Excel®. 

All the outcomes sheets are shown (overall outcomes and the outcomes per product and per 

packaging order). Furthermore the input sheets are shown. 

5.2 Strategy II – Outsourcing of Packaging 

The second strategy that was considered in this thesis was to outsource the packaging to a third 

party packager within the EU region. When packaging activities remain within the EU, it remains 

possible for the SC Germany to provide the official release of the products. This means that the 

products packaged at this third party do not require reregistration. Hence, using an outsourcing 

strategy could be a highly interesting strategy as this could still provide the desired reduction in 

complexity at the supply chain in SC Germany but avoid any issues with reregistration of products in 
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another country. Based on experience by the regulatory department at the Company, reregistration 

is a costly process and can take a long time. 

After contacting a possible third party packaging partner, it was found that the process of 

obtaining the necessary cost of packaging would reach beyond the deadline of this thesis. No reason 

for this long timeline was given provided by the potential packaging partner. However, this could be 

due to the fact that finalizing an official offer with the total cost for a certain portfolio requires a long 

time. Furthermore, the low volumes that is considered might not be interesting for a third party 

packaging partner. Therefore, it was concluded that this could not be included as a strategy within 

the time scope of this thesis. Nevertheless, due to the proposed benefits mentioned above, it is 

highly recommended to further investigate this strategy before making a decision on opening a 

packaging hub within the region. 
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6. Data Collection and Analysis 

To be able to run the model discussed in the previous chapter, it is essential to have complete 

and correct data to obtain the best results. This chapter will discuss the types of data collection 

methods that were required to obtain all the data required for the model. It will discuss the 

difficulties that were encountered in obtaining data and it will provide a description of the analysis 

that had to be performed to obtain the required input. Furthermore, it will discuss some issues with 

the reliability of the data in order to identify any possible weaknesses in the results obtained with 

the model. 

6.1 Data Collection 

6.1.1 Collection Methods 

In order to collect the required data for the packaging relocation model to determine the 

effectiveness of a packaging relocation strategy for the Company, several sources of data had to be 

consulted. To gain some initial insights into the data, literature on the topic of packaging relocation 

was consulted. This literature background was used to optimize the model by gaining further insights 

into the strategy and to obtain some initial insights into the rough magnitudes of the data.  

Table 11 – Data Sources 

Source\ Data  Material 
Data 

Transport 
Data 

Packaging 
Data 

Inventory 
Data 

Internal Sources     
- SAP X X X X 
- Procurement  X   
- GSCM    X 
- Safety Stock Tool    X 

External Sources     
- LSP’s  X   
- Machine 

Manufacturer  
  X  

 

Most of the data that was required for the relocation model described in chapter 5 was 

acquired from several different parts of the Company’s SAP® enterprise software system. Other 

sources of data were the Company’s procurement department, logistics service providers (LSP’s) and 

external manufacturers. The sources of data and which data is found there are listed in Table 11. 

6.1.2 Data Collection Challenges 

As was mentioned above, most of the data required for the model, was obtained from the 

Company’s SAP® enterprise software. In theory, this was convenient as it is a single place to find all 

the data from your computer. However, the SAP® enterprise software (SAP®) that is used at the 
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Company appears to be a vast system that not many people understand. Knowledge about SAP® was 

very fragmented as key users would only have in depth knowledge about the data they were 

responsible for and not about other data. Due to this, it turned out to be difficult to find the users 

that had knowledge about the data that was required. 

Furthermore, when the location of data had been found, it was often in a location where 

specific access rights were needed. This lead to difficulties at several occasions. However, this 

problem was circumvented at times by having colleagues with the appropriate access rights extract 

the data from SAP®. 

A further difficulty with SAP® was that some data was not readily available from the system as 

this data was not recorded in SAP®. This lead to some difficulties in finding ulterior ways of obtaining 

the required data. Finally, this data was obtained through combining data. 

The investment cost of purchasing a new machine was information that was not available 

internally at the Company. Hence, it had to be obtained through offers from possible machine 

manufacturers. It was not clearly known who the contact partners at these manufacturers were. 

Furthermore, obtaining an offer, where a machine was offered that was suitable for small volume 

packaging which also included the right equipment necessary for packaging, proved a lengthy 

process in which close collaboration was important. 

6.2 Data Analysis 

6.2.1 Average Packaging Rate of Machines 

As mentioned before, some of the data necessary for the relocation model is not readily 

available from any source and needs to be calculated from a few different sources. In the data 

collection it was found that the actual packaging rate of the current packaging machines at SC 

Germany are not readily available. Hence, this chapter will discuss the analysis of the data which was 

required to obtain the necessary data for the model in the chapter 5. 

The packaging rate of the current machines used on site was not readily available in any system. 

Hence, it was necessary to find this information out through another path. The packaging rate is the 

amount of product packaged per unit time, therefore, it was necessary to find out the units that 

were packaged within a certain timeframe. From historical data, it was known what times where 

spend on actual packaging and what quantities were packaged. It is however important to note that 

this packaging rate is an average as different products were packaged on this machine which had 

different packaging rates. Furthermore, machines might have had errors in packaging of several 

products which lead to longer packaging times than necessary. To minimize the effects of these 

‘pollutions’, this information was obtained from a year of packaging to attain a more accurate 
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average packaging rate for every machine f. Equation 45 provides the calculation that was necessary 

to obtain the packaging of machine f. 

𝑟𝑓
𝐾 =

𝑇𝑜𝑡𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑜𝑛 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑓

𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑓 𝑠𝑝𝑒𝑛𝑑 𝑜𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
      (45) 

6.3 Reliability of Data 

As the data collection process took data from many different sources, there is the risk of some 

of the data to not be completely accurate or have reliability issues. This chapter discusses the data 

that was found to have issues with reliability and provides an explanation on how this was dealt with 

to ensure accurate data for the relocation model above. 

6.3.1 Forecast & Sales Data 

When obtaining the data for the forecast and sales data, it was found that the forecasts for 

some products were significantly different from the sales data. This did not appear to be an issue 

that stood on itself but was found to be true for all products from certain countries. For example for 

most of the Thailand products, it was found that the actual sales quantity was 5 times higher than 

the forecast quantity. It appeared these countries did not provide accurate forecast data to the 

system for years. Due to these issues with reliability, the safety stock quantities from the safety stock 

tool did not provide valid outcomes (e.g. for some products the safety stock expressed in days of sale 

were well over 800 days). However, using these values, still provide valid numbers to compare 

inventory costs of products that are kept in the SC Germany and products that will packaged in the 

hub as all are calculated using the same method. Furthermore, it was found that the inventory cost 

only made up a very small amount of total costs; for packaging in South Korea, the inventory costs 

were only 5% of the total costs. Hence, it is still possible to use these forecasts for the scope of this 

model. 

6.3.2 Destination Data 

When collecting the data related to the destination countries of all products, it was found that it 

was difficult to see what the destination of some products. It was not always possible to see which 

products were sent to which countries as some products were repackaged/relabeled locally and then 

sold locally and elsewhere under different product numbers. For example Thailand receives products 

which it repackages into two different products; one for the local market and one for the Malaysian 

market. Using a special table from SAP®, it was possible to find the connection between these 

product numbers. However, it was still unclear as to how the packaging volume from SC Germany 

was divided up amongst the different as sales and production data did not always match up. To find 

the volume of all products meant for the different countries, the percentage of total sales volume 

per country was used. For example, of product 1, 6,000 units were packaged in SC Germany and 
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2,000 units were sold in Thailand and 3,000 were sold in Malaysia. Hence it was assumed 2,400 units 

of product 1 were sent to Thailand and 3,600 units of product 1 were sent to Malaysia. 

6.3.3 Data Verification & Validation 

The data collected using the methods described above had to be verified and validated whether 

they were accurate of not. This was done by discussing the data with the experts that use the data 

on a daily basis. For all the data, this step was performed and it was found that the data appeared to 

be accurate. Furthermore, the model described in Chapter 5 also needed to be verified and 

validated. This step is performed in the next chapter by seeing if the outcomes of the model seem to 

agree with reality and if outcomes change like expected when the inputs are changed. 
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7. Numerical Analysis 

This chapter will discuss a numerical analysis of the model. This is required to gain in depth 

knowledge about the running of the model. First, it provides a theoretical background of the impact 

which changing certain parameters has on the model. This provides further insight into the 

packaging relocation model described in chapter 5. Next it discusses the actual outcomes of the 

model and finally it provides a sensitivity analysis of the model on the parameters discussed in the 

section about theoretical impacts. It is important to note that the model was run numerous times 

using the non-linear solver build into Microsoft Excel®. When the model ran several times with the 

same input, the outcome were the same every time. Furthermore, all the outcomes of the model 

using the nonlinear solver were logical based upon the inputs. Hence, it was concluded that the non-

linear solver from Microsoft Excel® is a suitable method to solve this model. 

7.1 Theoretical Impacts of Data on Model 

As is stated above, this section will provide a theoretical analysis of the model to gain insights 

into the deeper background of the model. For the parameters that are likely to change over time, it 

will discuss for what the theoretical outcomes are expected to be when these parameters are 

changed. The most likely parameters to change are the demand for all products, the exchange rates 

which influence the labor and local machine costs, the transport costs and the cost of investing in a 

new packaging machine. 

7.1.1 Demand 

When the demand for all products changes, the transport cost are expected to change more or 

less linearly together with the change in demand. This is caused by the fact that when demand is 

doubled, the shipment sizes are doubled which instinctively doubles the costs. For the shipments to 

the hub this would not necessarily mean doubling the cost which is indicated by the fact that to 

increase a container from a 20 ft size to a 40 ft size, the price does not double according to equation 

9. However, the transport cost to the hub are small compared to the cost from the hub to the final 

location. These cost would double due to the chargeable weight of a shipment that doubles 

following from equation 7.  

When considering packaging costs, it can be said that the total packaging cost change relatively 

little when demand is changed. This is due to the fact that a large portion of the packaging costs is 

made up by the machine costs which are more or less constant which can be seen from equation 28. 

The only part of machine cost which depends on the packaging volume is the energy costs which 

only make up a smaller portion of the total machine cost compared to the investment and 

maintenance cost. The labor cost on the other hand will increase linearly with demand which follows 

from equation 29. 
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When considering the inventory cost, it can be said that the cycle stock in quantity also changes 

linearly with increase in demand which is seen in equations 22 and 23. Furthermore, changes in 

demand should not have a huge impact on the level Safety Stock as this is more dependent on the 

accuracy of demand forecasts. The effects of changing demands on in-transit holding costs are not as 

easily deduced as increasing demands might lead to a shift from air transportation to ocean 

transportation to the hub according to equation 9. This could significantly increase the lead time to 

the hub according to equation 17. Hence, this changing demands could cause a major increase in in-

transit holding cost. Nevertheless, due to the packaging costs not changing linearly with demand, the 

CoGS in the hub are likely to change in the opposite direction when demands are changed according 

to equation 16. Hence, the changed CoGS dampens the effect on inventory when demand increased 

and exemplify the effect on inventory cost when demand is decreased. 

The effects on the decision what products should be packaged at the packaging hub all depends 

on the base case of the model (compared to what initial inputs the model is changed). 

7.1.2 Exchange Rates 

The exchange rate affects the labor and parts of the machine energy costs within the model. 

When the exchange rates changes, there are no effects noticeable in the transport cost as these 

come from local LSP’s that operate abroad. However, the first thing that changes are the packaging 

costs according to equations 28 and 29. According to equation 28, the labor costs will change linearly 

together with the exchange rate. However, the machine cost will only change by a small amount as 

the overhead cost make up such a small portion of the total machine cost compared to the total 

investment and maintenance cost in this case. This effect can be seen in equation 28. 

The change in packaging cost will cause a change in the same direction of the CoGS according to 

equation 16. Hence, the inventory costs at the hub will change linearly together with the CoGS 

according to equations 18, 22, and 25. 

Hence, an increasing exchange rate could make the model decide against opening a packaging 

hub when the initial decision was to open the hub. Vice versa, a decreasing exchange rate could 

make the model decide to open the hub when the initial case was to not open a hub. 

7.1.3 Transport Cost 

When any of the transport costs for the shipments to and/or from the hub or from SC Germany 

are changed, the total transport costs change according to equations 12 and 13. These costs change 

in the same direction. However, when only a few of the transport cost components are changed, the 

there is a dampened effect in the total transport cost. Nevertheless, any of these changes could lead 

to a change in decision whether or not to open the packaging hub or which products to pack in the 

hub. 
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7.1.4 Investment Cost 

At first it seems a change in the cost of investment in a new machine would cause a relatively 

smaller effect in the same direction in the machine cost calculated in equation 28 as it is only a 

component of the machine cost. Nevertheless, it is likely that maintenance cost will also increase 

when the investment costs increase as the machine is likely to have more expensive parts. According 

to experience within the Company the change in maintenance costs is assumed to be linear 

compared to the change in investment cost. Hence, it can be approximated that the machine cost 

also changes linearly with the investment cost as the overhead cost component of the machine is 

only a small part of the machine cost. Finally, a relatively smaller change can be seen in the total 

packaging cost. 

Just as before with the changes exchange rate, the change in packaging cost will cause a change 

in the same direction of the CoGS according to equation 16. Hence, the inventory costs will change 

linearly together with the CoGS according to equations 18, 22, and 25. 

Hence, changes in the initial investment could cause for a change in the decision for opening a 

packaging hub. 

7.2 Impacts of Data on Model in Practice 

This section will discuss the impacts of changes in input data of the model in practice and it will 

show how these changes influence the outputs of the model. First, the model is ran with all the data 

obtained from the Company. This is the base case that will be used for comparison when certain 

input data is change. This base case includes all products being packaged at the hub for both the 

Vietnam and South Korea hub locations. 

7.2.1 Demand 

As was mentioned in chapter 4.1, demands for all products to the small AP region are expected 

to have an average annual growth of 15% over the next 5 years. This means, the demand over the 

next five years is expected to be doubled. When all the demands are doubled, the decision outcomes 

of the model stay the same. However, the total cost related to packaging all these products increases 

by 41% in Vietnam and 44% in South Korea. Which is what was predicted above, the costs will 

increase by less than the demands. Furthermore, the CoGS of all products decrease which is due to 

the same investment being shared by a larger volume. When demand is further increased, the 

decision to open the hub remains the same. However, it is decided to place some products back in SC 

Germany as the capacity of packaging in the hub is reached. Hence, as long as the capacity of the 

packaging hub is not reached, increases in demand should not change the decisions on which 

products should be packaged in the packaging hub. When capacity is reached, certain products will 

have to return to packaging in SC Germany. However, when this would happen in the future, it would 
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be possible to add an additional shift in the hub to allow packaging in more than one shift which is 

now the limiting factor of the model. 

When demand is lowered below the demand in the base case, it is found that eventually the 

decision is reached to not open the packaging hub as the investment cost of the new packaging 

machine is shared by a too low volume of packaged products. The boundary for this level is at about 

60% of the current demand in South Korea and at 40% of the current demand in Vietnam. Hence, 

when the demand decreases instead of increases, it would not be beneficial anymore to open the 

packaging hub 

7.2.2 Exchange Rates 

When doing business abroad, there is also a risk of the exchange rates changing. This is ok if it 

changes in your favor, however, it can have a significant negative impact when it gets worse. This is 

something that was the case over the last two years when the Euro lost 17 % of its value (European 

Central Bank, 2015). 

It was found that reducing the exchange rate has no effect on the decision outcomes of the 

model. Halving the exchange rate decreases the total costs by about 11 % for South Korea and 1 % 

for Vietnam. However, when exchange rates are doubled which could happen in an extreme case, 

the decision outputs of the model remain the same for both hub locations. The total costs increase 

by about 21 % for South Korea and 2 % for Vietnam. A further insight that can be gained from this is 

the low impact of labor costs in Vietnam and the relative higher impact of labor cost in South Korea. 

This also indicates that the exchange rate is unlikely to affect the decision outcomes of the model for 

Vietnam. Finally, it was found that for South Korea, this impact will make the model decide to not 

open a packaging hub when the exchange rate would be increased by a factor of 2.7. 

7.2.3 Transport Cost 

It was found that reducing the transport cost to and from the hub or increasing the transport 

costs from the SC to the local destination will not change the outcome decisions of the model. 

However, if the transport costs to the hub are increased by a factor 17 for South Korea and a factor 

22 for Vietnam, the model decides to close the hub. However, this is already the case by a factor of 

less than 2.6 for the shipment cost from the hub to the final location for both the South Korea and 

the Vietnam hub locations. Finally, reducing the cost of shipments from SC Germany to the final 

destination by a factor less than 0.1 for South Korea, will make the model decide not the open a 

packaging hub. However, reducing these costs for the Vietnam packaging hub location has no impact 

as the total costs over there do not exceed the costs of packaging and holding inventory at SC 

Germany. 
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7.2.4 Investment Cost 

When considering the cost of investment, it was found that for Vietnam, an increase by a factor 

of 2.0 will decide to not open a packaging hub. For South Korea, this value is lower at 1.7. However, 

when the cost of investment is reduced, the decision to open a packaging hub is not changed. 

Reducing the investment cost by 50 % will reduce the total costs by 24 % in South Korea and by 27% 

in Vietnam. 

7.3 Results 

This section will discuss the final outcomes of the model. It will provide all the impacts in SC 

Germany and the effects on the KPI’s that were required. It is important to note that in the 

outcomes for both hub locations, all 30 products are chosen to be packaged in the packaging hub. 

Table 12 – Total Cost per Year Outcomes of Model 

  South Korea Vietnam 

Transport Cost Hub € 76,167 € 99,417  
 SC Germany € 0 € 0 

Inventory Cost Hub € 29,626  € 29,561  
 SC Germany € 0 € 0 

Packaging Cost Hub € 208,060  € 149,738  
 SC Germany € 0 € 0 

Total  € 313,853 € 278,717 
 

At first, the total costs related to transportation, inventory and packaging can be found in Table 

12. It can be seen here that a packaging hub in South Korea is about € 35,000 per year more 

expensive than opening a hub in Vietnam. The transport cost from Vietnam are higher, however, the 

packaging costs in Vietnam are significantly less which can be explained by the lower wages. Finally it 

can be seen that the inventory costs in both locations are similar. 

Next, Table 13 shows the impacts on CoGS that can be expected when these products are 

packaged in the packaging hub. It can be seen here that in Vietnam all 30 products have reduced 

CoGS and they are reduced on average by € 0.22. In South Korea, only 21 products have decreased 

CoGS with an average decrease of € 0.16, the remaining 9 products have increased CoGS with an 

average increase of about € 0.03. 

Table 13 – Impacts on CoGS 

 South Korea Vietnam 

# Increase 9 0 
Average increase € 0.03  € 0.00    
# Decrease 21 30 
Average decrease € 0.16   € 0.22 
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Subsequently, Table 14 shows the total lead times from the packaging hub to the local 

countries. As it can be seen, Vietnam has a day longer lead time for most countries only Malaysia has 

a lead time which is the same for both hub locations. 

Table 14 – Total Lead Time 

 South Korea Vietnam 

India 10 11 
Philippines 10 11 
Taiwan 10 11 
Thailand 15 16 
Korea, Rep. Of 10 11 
Malaysia 10 10 

 

Table 15 – Freed-Up Capacity in SC Germany 

Machine Days Potential Packaging 
(000s of Units) 

1 0  -    
2 9  285 
3 0  -    
4 0  -    
5 0  -    
6 1  32 
7 13  706 

Total 23  1,023  
 

As both outcomes decide to package all products at the packaging hub, both locations will have 

the same impact on the freed up capacity in SC Germany. This freed up capacity can be seen in Table 

15. Here it becomes clear that the total freed up capacity over a year is 23 full days divided over 

three different machines. This translates to a total potential packaging in this time of about 1 million 

extra units when all this time was spent on packaging and not setups.  
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8. Implementation Issues 

This chapter will discuss some of the aspects not discussed in the model which need to be 

considered when opening a packaging hub in the small AP region. These are aspects which need to 

be considered in combination with the KPI’s shown in the previous section to be able to make a 

decision on whether or not a packaging hub would make sense. For example this includes the 

competency of employees in the hub locations. There were two major aspects that need to be 

considered here. The regulatory implications of moving packaging activities elsewhere and the 

effects this has on change management for the products that are considered within the strategy. 

These two aspects are discussed in the sections below 

8.1 Regulatory Impacts 

First, it is important to consider the impacts moving packaging activities outside of Europe. 

When a company produces, stores or transports pharmaceutical products, there are special 

regulations that have to be considered. These regulations differ from country to country which 

makes them hard to keep track off (Vogel, 1998). When considering China for example, they deal 

with regulations that are new or are revised almost on a day-to-day basis (Yu, et al., 2010). Due to 

the difference in drug approval regulations between countries, sometimes it is not beneficial to get 

all products approved in all countries. Instead it is more beneficial to offer products in a limited 

number of countries to avoid having to go through the costly approval process in all countries (Vogel, 

1998). 

According to the Company’s regulatory affairs department, when moving packaging activities to 

a country outside of the EU, the product will have to be reregistered in all sales countries as being 

produced in a different country. This could be a lengthy process for some countries (e.g. in China this 

process can take up to 5 years). Hence it is important to consider the cost and timeline related to this 

process. Furthermore, it is possible that there are limitations to importing products from the location 

of the packaging hub to the final destination of the products. When discussing this as part of 

orientation interviews, this was said to not be a problem, however, it is recommended to perform an 

in depth investigation into this topic. It was found that at least South Korea provides an import 

regulation for products that are meant for exporting. i.e. a special registration for products that are 

imported into South Korea for the sake of performing some process on them and then to export 

them. This enables the Company to save money on import taxes. As far as known, this is a 

registration that is not provided in Vietnam. 

8.2 Change Management 

Next, it is important to consider the changes that required in the change management of the 

products. Change management is the job of getting any changes to a product approved by the local 
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regulatory body. This is not just for existing products but also getting launch products approved for 

sales. It is a highly complicated process in which several departments need to work closely together. 

Therefore, it is important for the packaging hub to have high levels of competencies in the field of 

change management. Currently, this is not a business that is performed at the SC in Vietnam. South 

Korea however, is already more advanced in this department and is planned to be included in the 

Company’s change management system. 
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9. Conclusions and Recommendations 

9.1 Conclusions 

The goal of this thesis was to identify strategies that would improve the agility of the Company’s 

supply chain for the spot-on products meant for the small AP market. The strategy that was 

considered was a packaging relocation strategy in which filled pipettes will be sent from the SC to a 

packaging hub in the small AP region. These pipettes are then packaged at that packaging hub into 

finished products and sent to their final destination. Another strategy that was considered was to 

outsource the packaging to a third party within the EU region. However due to time restrictions, this 

strategy was not following up within the scope of this thesis. 

Using the packaging relocation model developed within this thesis, it was found that according 

to all financial KPI’s, packaging in Vietnam would be the most cost efficient method, being € 35,000 

per year cheaper than packaging in South Korea. This can be considered a lower bound to these cost 

due to the deterministic nature of the model. Both locations would be packaging all 30 products that 

are in scope. Furthermore, packaging in Vietnam would reduce the CoGS of all 30 products by an 

average of € 0.21 whereas packaging in South Korea would only reduce the CoGS of 21 products by 

only € 0.16. However, the reregistration of products and the competencies in the change 

management department at the SC in South Korea are more professional compared to the SC in 

Vietnam 

Both locations will free up a total 23 days on three different machines on the pipette packaging 

lines in SC Germany. This translates into a potential packaging within that time of about 1 million 

units when the machines would run constantly for those 23 days. 

A limitation of the model is that the total volume in units considered for the hub should be small 

enough compared to the total volume in units packaged at SC Germany. This is so that removing 

products from the packaging line at SC Germany does not influence the packaging costs per unit at 

SC Germany. 

This thesis looks to find the costs related to packaging relocation to a local packaging hub and 

identifies further areas which need to be considered before implementing such a strategy. Such an 

investigation has not been found in earlier literature. Therefore, the academic contribution of this 

paper can be found in its formal description and investigation of the packaging relocation problem at 

the Company. 

9.2 Recommendations 

Due to the fact that only one strategy could be considered within the scope of this thesis, there 

is only a choice between the three possible packaging sites; SC Germany, Vietnam or South Korea. SC 
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Germany was found the be the least beneficial site in terms of cost as packaging there would be 

more expensive than packaging in any of the two other supply centers. However, SC Germany has 

the benefit that no additional effort needs to be invested in reregistration and furthermore, there is 

a well-established change management department available. Vietnam is the most cost efficient 

packaging site, however, it provides higher difficulties in reregistration and change management 

competencies. Packaging in South Korea was found to be cheaper than packaging in SC Germany but 

slightly more expensive than packaging in Vietnam. Furthermore, it has relative easy potential for 

reregistration and it provides medium levels of competency in the field of change management. 

Therefore, based solely on the information described within this thesis, it would be recommended to 

open a packaging hub in South Korea. It will reduce the complexity of packaging in SC Germany by 

reducing the number of products produced on the packaging lines at SC Germany. Furthermore, it 

will package at a lower cost whilst still offering relatively high levels of competency in the field of 

change management. Finally, it allows for easier reregistration of the products which could be 

lengthy process otherwise. 

Nevertheless, it would still be highly recommended to investigate the strategy of a third party 

manufacturer as this would eliminate the need for reregistration and it will allow for the change 

management activities to remain in SC Germany. 

9.3 Further Research 

As is mentioned above, the first point for further research is an investigation into the possibility 

of outsourcing the packaging activities to a third party manufacturer and to include this as an 

additional choice. This could provide significant benefits to the Company by avoiding reregistration 

at little extra cost. Next, the packaging relocation model described in chapter 5 could be extended to 

investigate further benefits to the SC Germany by providing a possible cost benefit of freeing up 

capacities. Another way of extending the model could be considered by calculating the costs of 

packaging in both locations in an identical way. This could not be performed within this thesis due to 

unavailability of data, however, this could improve the comparability of the costs. 
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Appendix 1 – Tool 
9.4 Outcomes 
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Outcomes per Product 
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Outcomes from Packaging Center to Final Destination 
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Outcomes to Hub 
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Input - Transport Data 
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Input - Production Data 
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Input - Material Data 
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Appendix 2 – VBA Code 
Sub Button3_Click() 
 
Sheets("Outcomes per SKU").Activate 
 
Dim TotalCosts As Single 
Dim SCGermanyCost As Single 
 
TotalCosts = 0 
 
' Set CoGS to current CoGS 
 
For i = 3 To (Sheet7.Cells(4, 2).Value + 2) 
 
    Sheet2.Cells(i, 10) = Application.VLookup(Sheet2.Cells(i, 1), Sheet5.Range("A3:C45"), 3, 
False) 
 
Next 
 
'calculate costs in SC Germany 
 
Range("D3:D32").Value = 0 
    SCGermanyCost = Range("R4").Value 
 
    ' Run model with 10000 iterations 
 
    For j = 1 To 10000 
 
        If TotalCosts = Range("R4").Value Then 
           Exit For 
 
        End If 
 
        TotalCosts = Range("R4").Value 
 
        ' Set initial Values for input of model 
         
        Range("D3:D32").Value = 1 
     
        ' Set up the parameters for the model. 
        ' Determine the minimum value for the total cost in cell R4 
        ' by changing the number of units to build in cells D3:D32. 
     
        SolverReset 
        SolverOk Setcell:=Range("R4"), maxminval:=2, ByChange:=Range("D3:D32") 
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                ' Let cells D3:D32 only take binary values. 
             
                SolverAdd CellRef:=Range("D3:D32"), Relation:=5 
             
                ' Let cells V3:V14 to be positive (capacity restriction 
             
                SolverAdd CellRef:=Range("V3:V14"), Relation:=3, _ 
                formulaText:=0 
     
            ' Do not display the Solver Results dialog box. 
             
            SolverSolve UserFinish:=True 
 
            ' Finish and keep the final results. 
             
            SolverFinish KeepFinal:=1 
 
        ' Set CoGS to new calculated CoGS 
         
        For i = 3 To (Sheet7.Cells(4, 2).Value + 2) 
 
            Sheet2.Cells(i, 10) = Application.VLookup(Sheet2.Cells(i, 1), Sheet1.Range("A3:I32"), 9, 
False) 
 
        Next i 
 
    ' Rerun Model with New CoGS 
     
    Next j 
 
' When max outcome is negative, set outcome to zero as hub does not make sense 
 
If Range("R4").Value > SCGermanyCost Then 
 
    Range("D3:D32").Value = 0 
 
End If 
 
Sheets("Outcomes").Activate 
 
End If 
 
End Sub  
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Appendix 3 – Packaging Orders per Product per Year  
(∑ 𝐴𝑙𝑙 𝑜 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑛𝑔 𝑎) 

SKU  # Packaging Orders 

11 4 
12 7 
13 7 
14 2 
15 2 
16 5 
17 3 
18 2 
19 7 
20 8 
21 3 
22 4 
23 3 
24 9 
25 5 
26 7 
27 4 
28 3 
29 5 
30 4 
31 5 
32 1 
33 3 
34 2 
35 2 
36 3 
37 3 
38 1 
39 2 
40 1 

 


