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ABSTRACT 
This thesis investigated how companies can make strategic purchase decisions to minimize 

production and duty related costs based on the preferential origin of the purchased goods. This is 

accomplished by creating models for three settings that can predict whether the produced product 

will have a preferential origin and what the associated costs are, given a set of suppliers. First, eight 

possible rule types, to which a product must comply to qualify for import duty reduction, are 

identified for all product and Free Trade Area agreements in scope. These rule types are implemented 

in an Integer Linear Program that determines whether a product has a preferential origin given a 

Free Trade Area country and set of suppliers. Second, Mixed Integer Linear Programs are created 

which identify the material version combination that leads to the lowest total costs to manufacture 

and ship the product to the customer, for three settings. In the first setting, the company ships its 

products to customers all over the world and assumes that the customers in the domestic market 

have no benefit from receiving a preferential product. In the second setting, the company only ships 

to customers in the domestic market, which use the company’s product in their own manufacturing. 

This setting is approached using a non-cooperative and a cooperative approach. The third setting 

considers multiple products of a company which all use a common material type in production. For 

the second setting, there was insufficient customer data available to predict their decision process in 

a reliable manner. Therefore, a recommendation is made on which information should be collected 

and for which products and customers this information should be collected. These models can be 

used by the company’s employees to investigate effects of decisions, such as purchase decisions and 

effects of changes such as price fluctuations. To illustrate the working of the models, in this paper 

the effects of applying accounting segregation on Ethylene are investigated.   
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EXECUTIVE SUMMARY 

Problem statement 
This thesis has investigated how companies can make strategic purchase decisions to minimize 

production and duty related costs based on the preferential origin of the purchased goods. 

Companies can benefit from trading goods that qualify for import duty reduction in trade agreements 

(i.e. preferential goods) in three ways: 

1. Buying preferential goods from Free Trade Area countries (FTA, i.e. countries with a trade 

agreement) will lead to a reduced or zero duty tariff. These products can be cheaper than 

locally produced products or products from the rest of the world over which duties must be 

paid. 

2. Exporting preferential goods to FTA countries will lead to a reduced or zero duty tariff for 

the buyer. This makes the preferential products more attractive than not preferential 

products on which import duties must be paid. 

3. Selling preferential materials might bring a competitive advantage over selling not 

preferential materials, because the preferential origin of a good is often dependent on the 

preferential origin of the materials used in production. Therefore, companies in the domestic 

market may prefer to buy preferential materials over not preferential materials. 

The research was staged at the European department of Dow Chemicals. The following opportunity 

for improvement was found for Dow: 

Dow can improve its supply chain profitability and competitiveness by being better able to 

predict whether its manufactured products obtain a preferential origin and to estimate what 

effects in terms of costs a preferential origin has, making it possible for the purchase and sales 

function of the company to adapt its strategy and decisions based on the expected costs, duty 

savings, and strategic advantage Dow’s products can deliver. 

To seize this opportunity, the main research question is defined as: 

How does the preferential origin of the materials purchased by Dow influence the total costs of 

Dow’s supply chain? 

This research question is addressed for 14 HS headings (i.e. product categories), for 23 FTAs of the 

EU and for three settings: 

1. One product that is shipped to customers all over the world, where the customers in the 

domestic market do not have additional benefit from buying preferential goods. 

2. One product is shipped to customers in the domestic market, where the domestic customers 

further manufacture the product, which is then shipped to customers all over the world. 

3. Multiple products that share one common material type. Of this material type only one 

vendor can be selected. The products are shipped to customers all over the world, where the 

domestic customers do not have additional benefit from buying preferential goods. 

Determination of preferential origin 
To qualify for import duty reduction, a product should meet rules, which differ between product 

categories and FTA agreement. For the HS headings and FTAs within the scope, 8 different list rule 

types were found. If one of these list rule types applies for a product and FTA and the list rule is met, 

a product has a preferential origin for that FTA. For five of these list rules, the preferential origin is 

dependent on (some of) the materials used in production. A Mixed Integer Linear Program (MILP) 

was created that determines whether a product has a preferential origin given the production details 

such as the preferential origin and price of the used materials. 
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Setting 1 – one product, customers all over the world 
A possible combination of material versions that produces a product is called a configuration. To 

address the first setting, an MILP and a user-friendly tool have been created that identify the 

configuration that minimizes costs and calculates Dow’s associated costs for existing and 

hypothetical products. The total costs consist of manufacturing costs (which include material, fixed 

conversion and variable conversion costs), duty related costs and transportation costs. The duty 

related costs are the import duties deducted by the Inward Processing Relief (IPR) savings. If a 

product is preferential, the import duty costs decrease compared to a situation where the product is 

not preferential. The IPR savings can decrease when a product is preferential compared to a situation 

where the product is not preferential, although the import duty reduction is always larger than the 

decrease in IPR savings. 

Allowing the use of not preferential materials in production, would allow Dow to purchase these 

materials when they are cheaper than the preferential materials, which would result in lower 

manufacturing costs. However, this could lead to a not preferential product, which could result in 

having to pay more import duties. Therefore, there is a tradeoff between possible lower 

manufacturing costs and higher duty related costs for products produced with not preferential 

materials. The outcome of this tradeoff is case specific and cannot be generalized for all products.  

Setting 2 – one product, solely domestic customers 
The preferential origin of Dow’s customers’ products might be dependent on the preferential origin 

of Dow’s products and therefore also on Dow’s chosen configuration. Based on Dow’s chosen 

configuration, the customer might decide to buy Dow’s product or not to buy it. This research 

question is addressed using two different approaches which can be used in two different contexts; a 

non-cooperative approach and a cooperative approach. 

In the non-cooperative approach, all customers make their own costs minimizing decision, which 

can be a configuration that contains Dow’s product or does not contain Dow’s product. This approach 

can be used in the context of a classical supplier-buyer relationship. Dow´s customer´s decision is 

similar to Dow’s decision in setting 1. Dow can influence the potential customers’ decisions by 

supplying a preferential good, which makes it more likely that a configuration containing Dow’s 

product is chosen by the customer. If a customer does not choose Dow’s product, Dow misses 

revenue while still facing fixed conversion costs. Therefore, Dow’s decision is a tradeoff between 

possible lower material costs versus higher costs when not selling products to potential customers.  

In the cooperative approach Dow and its customers work together to minimize the total costs. This 

approach can be used in a context where Dow and its customers work together, for example when 

they have a strategic alliance or when Dow is its own customer (one plant supplies another plant). 

The total costs per customer’s product exist of all costs the customer faces, plus fixed conversion 

costs for Dow if the customer decides not to buy Dow’s product. The costs that Dow’s customers face 

consist of the same factors as Dow faces in setting 1. The transfer costs of Dow’s product are equal to 

Dow’s manufacturing costs plus the allocated transportation costs from Dow to the customer. If a 

more expensive configuration for Dow’s product leads to a preferential product for both Dow and its 

potential customer, the duty costs might decrease. Additionally, it could prevent that Dow’s potential 

customers choose a configuration that does not contain Dow’s product, which leads to additional 

costs. Therefore, the decision for Dow’s and its customers’ configuration is a tradeoff between higher 

manufacturing costs and lower duty on the one hand and additional costs when a customer is lost 

on the other.  

The outcome for a product of both approaches is case specific and cannot be generalized. MILPs have 

been created that can identify the costs minimizing configurations and calculate the associated costs. 

However, these MILPs require a substantial amount of customer data. Using a stylized example, it 
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was shown that there is significant value in collecting this data. Therefore, there remains an 

opportunity for Dow to gather the required customer data, which will allow analysis for products in 

this setting.  

To determine for which customers’ products it is valuable to gather information and which 

information should be gathered for these products, each of the customers’ products should be 

classified in a two-scale classification, as illustrated in table 0.1  

 Impact on preferential origin 

None 
Category A 

Partial 
Category B 

Complete 
Category C 

Proportion 
FTA 
shipments 

(Very) small 
Category 1 
 

No information 
required 

No information required No information 
required 

Substantial 
Category 2 

No information 
required 

Information requirements: 
• Shipments 

• Alternatives 
• Manufacturing details 

Information 
requirements: 

• Shipments 
• Alternatives 

Table 0.1 Classification of Dow's customers' products and the additional information need for models of setting 2. 

Setting 3 - Multiple products with a common material type, customers all over the world 
Multiple products are considered, all having the same costs as in setting 1. However, only one vendor 

of the common material type can be chosen, although configurations not containing the common 

material type are also allowed. By identifying the costs minimizing configurations and taking the 

sum of the associated costs for each of the material versions of the common material type, the effects 

of choosing a material version can be found. These costs can be compared to find the costs 

minimizing material version.  

Applying the models in a project on accounting segregation 
Accounting segregation is keeping the administration of two physically identical materials that have 

a different preferential origin separate, while physically mixing the goods. This allows Dow to use 

not preferential Ethylene for a lot of its products, without changing the preferential origin of the 

good and other goods. The presented models and the tool were put to use in a project where Dow 

investigates whether applying accounting segregation on Ethylene would be valuable and which 

products can be made from a not preferential material version of Ethylene.  

The colored columns of table 0.2 provide the effects of the preferential origin of Ethylene on the 

preferential origin of a product. The first element of the cell states the preferential origin of the 

products in that classification when no accounting segregation is applied, and the second element 

states preferential accounting segregation is applied. ‘P’ and ‘NP’ means that the product has a 

preferential origin and has no preferential origin respectively, independent of the preferential origin 

for the specified FTAs. ‘D’ means that the preferential origin of the product is dependent on the 

preferential origin of the used Ethylene. 

There is not sufficient information available to predict Dow’s customers’ decisions, and therefore to 

come up with a reliable advice. Some of the customers of these products had a clause in the contract 

that obligates Dow to supply preferential products. Due to confidentiality of the contracts, it was not 

possible to investigate thoroughly whether applying accounting segregation would cause problems 

for these contracts and to investigate which products should be made with preferential Ethylene. 

Further research on these contracts is required before applying accounting segregation. 
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Classification 
% 

Ethylene 
% same 
chapter 

% same 
heading n 

No acc. segregation/With acc. segregation 

Other 
countries 

CLb, LBb, 
CARIFa+b 

PEb, 
COb, ECb 

TNb, 
MAb KRb 

2711-01    < 20 P/P P/P P/P P/P P/P 

2903-01   0 - 20 % < 20 P/P P/P P/P P/P P/P 

2910-01   0 - 20 % < 20 P/P P/P P/P P/P P/P 

3901-Other-01   0 % > 100 P/P P/P P/P P/P P/P 

3901-Other-02 > 75 %  0 - 20 % 20 – 100 P/P P/P D/NP P/P D/D 

3901-Other-03 50 - 75 %  0 - 20 % < 20 P/P P/P D/NP P/P D/D 
3901-Other-04 50 - 75 %  0 - 20 % < 20 P/P P/P D/NP P/P NP/NP 

3901-HPM-01 > 50 %  0 % 20 – 100 D/D D/NP P/P D/D P/P 

3901-HPM-02 > 75 % 0 - 20 %  
< 20 D/D D/NP D/NP D/D D/D 

3907-01  0 - 20 %  
< 20 P/P P/P P/P P/P P/P 

Table 0.2 Summary of the classification of preferential origin of the products containing Ethylene. First letter(s) state 
whether product is preferential if no accounting segregation is applied, last letter(s) if accounting segregation is 
applied. P = preferential, D = Preferential if Ethylene is preferential, NP = Not preferential.  
aCARIF = CARIFORUM    bsee Appendix 5 for country codes.   

Conclusions and recommendations 
It was concluded that the MILPs and the tool form a toolbox that can help Dow’s employees analyze 

the effects of various decisions and changes where the preferential origin of products plays a role, 

making the analysis more structured, more reliable, less time consuming, less error prone and 

possibly providing additional insights. Moreover, the models summarize complex rules into an 

understandable form, which makes it easier to explain to employees without in-depth knowledge on 

preferential origin how the preferential origin is determined and what the effects are of changes on 

the preferential origin of products and their associated costs. 

There is an interesting opportunity for supply chain cost reduction in Dow’s businesses that are not 

focused on purchasing preferential goods. To identify and profit from these opportunities, the 

following recommendations are made: 

• During purchase decisions, the customs and trade compliance department should be 

consulted to get insight in the effects of the purchase decisions on the preferential origin of 

the produced goods and associated costs. The customs and trade compliance department 

can use the tool and models presented in this paper to analyze the effects of the options of 

the vendor selection process. 

• The customs and trade compliance department should reach out to Dow’s other business 

units more intensively. They can organize training sessions to increase the knowledge on 

preferential origin of goods across the company. Moreover, they can proactively start looking 

for opportunities across the organization where a research on the effects of preferential goods 

purchasing can have an impact.  

• Dow should start gathering customer data of customers where the preferential origin of 

Dow’s product plays a role. If this data is gathered, it would be valuable for Dow to make a 

new model that combines setting 1 and setting 2. 

• The purchase department should encourage their employees to take the preferential origin 

of goods into consideration by including duty related savings in their KPIs.  

• The tool that has been created needs to be maintained. A manual on how to do this is 

included with the tool. Also, the company should expand the scope of the models and tools 

by including more HS headings and FTAs. Moreover, the models and tools should be adapted 

to changes in the future, such as the upcoming Brexit or new FTA agreements.   
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CHAPTER 1. INTRODUCTION 
When importing goods into a country, the importing party may have to pay import duties. However, 

to stimulate trade between countries, many countries have trade agreements which allow the 

importing party to apply for import duty reduction. Countries which have such a trade agreement 

form a Free Trade Area (FTA, see Appendix A for a list of used abbreviations). In the last few decades, 

the number of trade agreements in the world has grown rapidly, from 58 in 1998 to 287 in 2018, see 

Figure 1.1 (World Trade Organization, 2018). Also, the European Union (EU), which acts as one 

trading party, has an increased amount of FTA agreements in place with other countries, from 18 in 

1998 to 35 in 2018. Additionally, the EU currently has 42 FTA agreements partially in place (European 

Commision, 2018b).  

 

Figure 1.1 - Free Trade Agreements currently in force - reviewed on 
http://rtais.wto.org/UI/PublicMaintainRTAHome.aspx on 24-05-2018 

To apply for the import duty reduction or zero import tariff, the good that is imported must meet 

specific rules stated in the trade agreement. These rules are called Preferential Rules of Origin 

(PRoO) and differ between FTA agreements and goods types. Goods that qualify for this duty 

reduction are called ‘preferential goods’. Depending on the good’s type, country of export and 

country of import the reduction in duty costs can vary between a few percentage of the good’s value 

up to the complete import duties which can be as high as 30% of the good’s value (van de Heetkamp 

and Tusveld, 2011).  

Internationally operating companies can benefit from both purchasing and selling preferential 

goods. If goods are bought from a country in the FTA and meet the requirements to qualify for import 

duty reduction, then less or no import duties must be paid. This might result in a lower purchase 

price. Additionally, a company can make its products more attractive by offering goods on which 

reduced or no import duties have to be paid if they are exported to a country within the FTA. 

Whether a good meets the requirements for import duty reduction is often dependent on both the 

manufacturing process and the materials used in production. Therefore, it might be beneficial for 

companies to adapt the purchasing strategy to apply for import duty reduction.  

On the down side, there is a lot of variation in the rules between the different FTA agreements and 

the different goods. This leads to a ‘spaghetti bowl’ of rules, to which a company should comply in 

order to maximize the utility of the available FTAs (Dieter (2013), Hayakawa, Hiratsuka, Shiino,  and 

Sukegawa (2013)). This complexity is one of the most mentioned reasons why 69 of the 100 

multinational production companies worldwide that were surveyed by van de Heetkamp & Tusveld 

(2011) responded that they did not use all FTA agreements that were available to them. Additionally, 

other research shown that the costs associated with complying with the PRoO are estimated to be 

between 1,4% and 6% of the good’s value, mainly caused by administration requirements (De 

Lombaerde and Garay, 2007). 



2 
 

Companies apparently have a clear need for more insight on what the impact of business decisions 

is on the import duty savings and how the PRoO can help reduce their total costs. Some researchers 

have already investigated how to adapt the purchasing strategy to reduce costs. For example, Li, Lim, 

and Rodrigues (2007) studied the costs minimization function of purchase decisions of a company 

that produces goods that will all be exported to another country within an FTA. In their model, 

whether a product that is exported to another country within an FTA can apply for import duty 

reduction is based on where the materials of the product come from. If the economic value of all 

materials that are purchased domestically or from a country in the FTA exceeds a certain threshold 

then duty reduction is applied. The height of the threshold is based on a percentage of the economic 

value of the manufactured good. In the paper, a nonlinear integer program is constructed, and an 

algorithmic approach is used to provide solutions for large-scale problems within reasonable 

timeframes. Mariel and Minner (2017) drafted a mathematical model that was very similar to the 

model of Li, Lim, and Rodrigues (2007), but with a different goal and decision variables. The model 

by Li, Lim, and Rodrigues (2007) decides where to purchase materials for production in a 

predetermined plant and the model by Mariel and Minner (2017) decides which plants to open, where 

to allocate the manufacturing of each product, and how much of the product to manufacture.  

While literature on purchase decisions based on import duty reduction for companies that export 

within FTAs is available, there is no literature available that supports purchase decisions based on 

import duty reduction for companies that ship to the domestic market, FTA markets, and other 

markets simultaneously. Furthermore, most literature only considers one type of preferential rule of 

origin, while in reality there are different types of rules and multiple rules may apply to one product 

type. Moreover, preferential products also have a competitive advantage over other products when 

sold within the domestic market. This advantage is hardly mentioned in the available literature and 

nowhere quantified to support purchase decision making. The main objective of the current study is 

to start to fill this gap in the literature and help the company where the project is staged, Dow, to 

adapt its purchase strategies on the topic of import duty reduction.  

The project is staged in a European department of Dow Chemicals, a Fortune 500 multinational 

chemistry firm. The aim is to improve Dow’s ability to predict whether its manufactured products 

will obtain a preferential origin and to estimate what effects purchase decisions have in terms of 

preferential origin of its goods and associated costs. This will make it possible for the purchase and 

sales function of the company to adapt its strategy and decisions based on the expected material, 

manufacturing, transportation and duty related costs, as well as the strategic advantage Dows 

products can deliver.  

In order to meet this goal, first a model is made which can determine whether a produced product 

will be considered preferential for a specific FTA, based on the rules of origin that apply for that FTA 

and to that product and the materials used in production. Second, a number of cost models are 

created that calculate the echelon costs, which include costs of materials, conversion costs, 

transportation related costs, and import duties if applicable. Using these two models, the 

combination of vendors for materials can be selected that minimizes the associated costs for three 

different settings. Based on one of these models a tool is created for Dow, which can be used to 

determine which vendors to select when facing a purchase decision. Finally, the models and tool are 

tested on one of Dow’s projects.  

The topic of import duty relief will be introduced in chapter 2 and the research context will be 

introduced in chapter 3. Chapter 4 and 5 state the opportunity, research questions, methodology and 

deliverables. The proposed research questions are answered in chapters 6 to 9. The presented models 

are put into practice in chapter 10 for a project on accounting segregation for Ethylene. In chapter 11, 

the conclusions, limitations and recommendations are presented.  
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CHAPTER 2. IMPORT DUTY RELIEF 
This chapter introduces the most important concepts of import duties relief. First, the concepts of 

import duties and free trade areas are explained in section 2.1. Next, the common provisions in free 

trade areas and origin determination methods are described in sections 2.2 and 2.3, respectively. 

Section 2.4 focusses on the FTAs of the European Union, the continent on which the current research 

is staged. 

2.1 Import duties 
When importing foreign goods into a country, the customs authorities demand import duties to be 

paid by the importing party. The amount of the duties that have to be paid is commonly a percentage 

of the economic value of the imported good at the moment it is cleared by the customs authorities, 

sometimes it is based on the good’s weight or volume. The amount of these import duties varies 

between goods types and between countries.  

Import duties are demanded for several reasons. The most important reasons are to protect 

industries within the country from those of cheaper competing countries, to discourage money 

leaving the country by moving manufacturing to countries which have cheaper production costs and 

to raise money for the government. Sometimes, the duties can also be used to discourage imports to 

protect the country’s ability to be self-sustaining (Radcliffe, 2018). 

To set some ground rules of international trade, all members of the World Trade Organization agreed 

to the ‘Most Favored Nation’ principle. This means that all countries apply the same trade rules, in 

terms of import duties and quota (maximum volume of import of a goods type), to other countries. 

This way, a country cannot discriminate using import duties or quota based on the country where 

the goods have been produced. However, exceptions to this rule are allowed for developing countries, 

free trade areas (FTA), custom unions (World Trade Organization, 1994), and other import related 

duties such as antidumping duties (levied on goods to counter prices lower than a fair value) and 

countervailing duties (duties levied on goods that are subsidized by another country) (U.S. Customs 

and Border Protection, 2018).  

To encourage trade and to stimulate fair 

trade between countries, many countries 

decide to enter trade agreements with 

other countries. In these trade 

agreements the members lower the 

barriers of trade on certain goods among 

them, by reducing the import duties for 

goods produced in the member states if 

they meet specific rules. The members of 

a trade agreement form a Free Trade 

Agreement (FTA), which is one of the 

exceptions on the Most Favored Nation 

principle. Member countries of the FTA 

lower or eliminate import duties for 

goods that have been produced within 

the FTA. The goods that qualify for a reduced or eliminated import tariff are called ‘preferential 

goods’ or goods with a preferential origin. Figure 2.1 illustrates when import duties must be paid. A 

more elaborate example is provided in example 1 of appendix B.1.  

For products to qualify for import duty reduction or elimination, strict rules apply which are specified 

in the trade agreements. These rules differ per goods type. To distinguish each goods type, the FTA 

Figure 2.1 Illustration on when to pay import duty 
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agreements contain a nomenclature (i.e. classification tree) where each specific good is mentioned 

and coded. A known and often used nomenclature is the ‘Harmonized System (HS) nomenclature’, 

created by the World Customs Organization (World Customs Organization, 2017). The HS code is a 

ten-digit number, of which the first two numbers relate to the chapter, the first four to the heading 

and the first six to the subheading. The remainder of the HS code are for subdivisions for national 

purposes. For example, chapter 39 is ‘Plastics and articles thereof’, heading 3901 is ‘Polyethylene of 

ethylene, in primary forms’ and, subheading 390110 is defined as ‘Polyethylene having a specific gravity 

of less than 0,94’. For this product there is no further classification, however, the last four digits can 

be used to further classify a product. 

 

Figure 2.2 Elaboration on meaning of the digits of the HS code 

Goods can only qualify for duty reduction (and therefore have a preferential origin) if they meet the 

following three criteria. 

1. The good is produced in a country which is member of the FTA and the good is exported 

within the FTA. 

2. The good meets the criteria (PRoO) mentioned in the agreement. These criteria differ 

between goods types and are classified by HS chapter, heading, subheading or other 

classification. 

3. The required paper work is in place that can prove that these criteria are met.   

The details of these criteria, which paper work is required and additional requirements differ between 

trade zones, but have some common provisions. These are elaborated upon in section 2.2. 

2.2 Common provisions 
This section describes the most common provisions of FTA agreements. The most important are the 

preferential rules of origin. These are explained first, followed by other common provisions such as 

cumulation, the no-drawback rule and the minimal operations rule. For this thesis less important 

provisions are elaborated upon in appendix C.  

2.2.1 Rules of origin 

To ensure that a product is made within an FTA, it is important to determine the ‘origin’ of a product. 

For each FTA agreement, a good can have or not have a preferential origin. In other words, the 

preferential origin does not refer to a country where the product is made, but to whether the product 

qualifies for import reduction in a FTA agreement. To have a preferential origin means that the good 

meets the conditions that are set in the FTA agreements. These conditions are called the Preferential 

Rules of Origin (PRoO). Goods that comply with these PRoO are called preferential goods. Since the 

PRoO are stated in the FTA agreements, it is possible that a good has a preferential origin for one 

FTA, but not does not have a preferential origin for another, even if the country of manufacturing is 

a member of both FTAs. The country of manufacturing of a preferential product is called the 

originating country or country of (preferential) origin.  
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Although the conditions to obtain a preferential origin vary between FTA agreements and goods, the 

types of PRoO are commonly similar. The most common types of PRoO state that to be a preferential 

good (European Commision, 2018a):  

a. The good that is produced is made completely from materials with a preferential origin. 

b. The good that is produced is made from materials from different (or specific) HS chapters, 

headings, or subheadings. 

c. The good that is produced should undergo a specific processing operation. 

d. The good that is produced should not contain more than a certain percentage of the 

economic value of materials that do not have a preferential origin. This rule is called a Not-

Regional Value Content (NRVC) rule in this thesis. 

e. A combination of different rules. 

f. A choice between different rules. 

NRVC rule 

The NRVC rule allows the use of not preferential materials, up to a certain percentage of finished 

product value. In the EU, this finished product value is defined as the ex-works price of the product. 

The ex-works price is defined as “the price paid for the product ex-works [after manufacturing] to 

the manufacturer [….] in whose undertaking the last working or processing is carried out, provided 

the price includes the value of all materials used, minus any international taxes which are, or may 

be, repaid when the product obtained is exported” (European Union, 2018a). In other words, this is 

the costs of producing a product, as soon as it is ready to leave the factory. Profit and transportation 

costs from the plant to the customer are not included. However, when import duties have to be paid, 

the size of the import duties is based on all costs until arrival at the border, which includes ex-works 

price, inter-border transportation costs, shipment insurance costs and a profit margin of the seller. 

The Not-Regional Value Content (NRVC) is the percentage of the finished product value that is 

considered as not originating value (i.e. value added by not preferential materials). The NRVC can 

be calculated in the following way: 

NRVC =  
VNM

EXW
∙ 100% 

where EXW is the ex-works price of the product and VNM is the Value of all Not preferential Materials. 

The maximum NRVC percentage allowed for a product to be preferential will be called NRVC 

threshold percentage. 

To demonstrate how this works, consider the PRoO of HS heading 3901 of the FTA agreement 

between the EU and Switzerland, shown in table 2.1. For any product of HS heading 3901 to 3915, 

excluding 3907 and 3912, a distinction has to be made between whether the product is an ‘addition 

homopolymerisation product in which a single monomer contributes more that 99% by weight to 

the total polymer content’ (further referred to as HPM products) or not. An HPM product is 

preferential if it either complies with both the rules of the third column or with the rule in the fourth 

column.  

For HPM products there are three NRVC threshold percentages. The products are preferential if both 

the value of all not preferential chapter 39 materials is less than 20% of the complete value of the 

product and the value of all not preferential materials of any chapter does not exceed 50% of the total 

product price. Alternatively, it is also preferential if the value of all not preferential materials of any 

chapter does not exceed 25% of the total product price. 
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HS 
Heading 

 Description of product  To become a preferential product, the 
economic value of the not preferential 
materials used in production does not exceed: 

3901 to 3915  
(excl. 3907 
and 3912) 

 Plastics in primary forms, 
waste, parings and scrap, of 
plastic; except for headings 
3907 and 3912: 

 Either: OR: 

  Addition homopolymerisation 
products in which a single 
monomer contributes more 
than 99% by weight to the total 
polymer content (HPM 
products) 

 50% of the ex-works price of 
the product, 
AND 
20 % of the value of the ex-
works price of the product, 
when only taking materials of 
HS chapter 39 into account. 

25% of the ex-
works price of 
the product. 
 

     
 Other products of these 

headings 
 20 % of the value of the ex-

works price of the product, 
when only taking materials of 
HS chapter 39 into account. 

25% of the ex-
works price of 
the product. 
 

Table 2.1 Preferential Rules of Origin for heading 3901 to 3915 excluding headings 3907 and 3912 for the FTA 
agreement between the EU and Switzerland 

For further explanation, consider the following example, referred to as example 2. Good A is an HPM 

product and is made as illustrated in figure 2.3. The origin determination is performed in a traced 

way (see appendix C.2), which means that whether good A is produced preferential is determined by 

the preferential origin of goods B, D, E and F and is not based on the preferential origin of 

intermediate product C. This is illustrated by the grey boxes, which are used in the determination of 

the preferential origin of good A. 

There are two ways this product can be preferential. The 

first way is when the combined value of all not 

preferential goods is at most 50% of the ex-works price 

of product A and the combined value of all not 

preferential materials of HS chapter 39 is at most 20 % 

of the value of the ex-works price of the product. The 

total sum of not preferential materials is (585 + 243 + 80 

=) € 908,-. The sum of all not preferential materials is 

€243,-. Therefore, Product A is preferential when the ex-

works price is higher than (908/0,5 =) € 1816,- and 

higher than (243/0,2 =) € 1215,-. 

Alternatively, the product is also preferential if the combined value of all not preferential goods is at 

most 25% of the ex-works price of product A. This will lead to a threshold of (908/0,25 =) € 3632,- 

Concluding, product A will be preferential if the ex-works price of the product is higher than € 1816,- 

Due to this NRVC rule, some manufacturers prefer preferential materials over not preferential 

materials, even when bought within the domestic market. Therefore, preferential goods offered in 

the domestic market can also have a competitive advantage over not preferential goods. An example 

of this advantage is given in appendix B.2. 

2.2.2 Other common provisions 
Next to the preferential origin, more aspects determine whether a product applies for import duty 

reduction (European Commision, 2018a). This section explains the most important provisions that 

can be found in most FTA agreements that are most relevant for the research. Less relevant provisions 

can be found in Appendix C.1.  

Figure 2.3 Bill of Material of example 2. 
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No-drawback rule 

Duty drawback is “the recovery of import duty on intermediate goods to the subsequent export of 

finished goods that are (partially) produced from these intermediate goods” (Jakob and Fiebiger, 

2003). In other words, the refund of duties paid over materials that are used in the production of a 

product that is exported. If the output of a product is partially exported within an FTA and partially 

to somewhere else in the world, it is possible to obtain drawback from the materials that are exported 

to elsewhere in the world and receive an import tariff reduction for the products that are exported 

within the FTA. Duty drawback is in many countries only possible with approval of the customs and 

a special license.  

The no-drawback rule states that duty paid on imported goods is not refunded if the goods are used 

into a product that is shipped under the import duty reduction. For example, consider a 

manufacturer that paid € 5.000,- for a good that was used in the production of a product. 5% of the 

product is shipped to the rest of the world, 15% is shipped not preferentially to an FTA country, 25% 

is shipped preferentially to an FTA country and the remaining 55% is shipped domestically. With the 

no-drawback rule, the manufacturer can apply for a drawback of (15+5=) 20% of its paid duties over 

the good used in production, which is in this case € 1.000,-. A more elaborate example is provided in 

example 4 of appendix B.3. 

In Europe duty drawback is addressed to as Inward Processing Relief (IPR). IPR and duty drawback 

are built on the same concept, where only the timing of the drawback is different. For duty drawback 

the duty is first paid when the material is imported and then paid back by the customs authorities 

once the product is exported, while under IPR import duty payment may be avoided completely. In 

the remainder of this thesis the term IPR will be used, since the research is staged in the EU.  

Minimal operations rule and General tolerance rule 

Minimal operations are operations that are of minor importance in the total production. The minimal 

operations rule states that if minimal operations are performed, the product never changes from not 

preferential to preferential. An example of a minimal operation is refrigerating chemical products to 

make them suitable for transportation.  

The general tolerance rule states that manufacturers are allowed to use not preferential materials up 

to a specific percentage value of the price. An example of this general tolerance rule is that it is 

allowed to use a catalyst in chemical reactions to speed up the reaction, without having to include 

the catalyst in the preference determination.  

2.3 Value and origin determination 
Next to the PRoO, as described in subsection 2.2.1, products have to comply with some additional 

requirements. These requirements are elaborated upon in appendix C.1, but are assumed to be met 

in this paper and are not important to understand. In addition to the additional requirements, FTAs 

also differ in how the NRVC rule is applied. This section will explain briefly how the economic value 

of products is determined, which is used in the determination of the preferential origin. In appendix 

C.2, other variations in determining whether the NRVC rule is met are elaborated upon. 

To determine the product value and the amount of duties that have to be paid, the European Union 

uses the ‘International Commercial Terms’ (Incoterms). The incoterms are a series of terms that used 

to clearly communicate tasks, costs and risks associated with global transportation. Each incoterm 

exists of a three-letter code which links to a set of rules that define who (buyer or seller) is responsible 

for transport, who pays for the insurance and who carries the risk. The most relevant incoterms for 

this thesis are provided in Figure 2.4. The EU uses the ex-works price to determine whether a product 

is preferential. When duties have to be paid, the size of the duties is often dependent on the Cost, 

Insurance and Freight (CIF) or Free on Board (FOB) price. 
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2.4 The European Union 
Nowhere in the world are the markets between countries as integrated as in the European Union. 

The markets of the European Union are merged, meaning that for a company in the EU, the whole 

EU is considered as the domestic market. This also means that if a preferential material of one 

country is used in the production in another country, the material can be considered to have a 

preferential origin. 

The European Union has a lot of FTA agreements; 162 of the 208 countries outside of the EU have 

some kind of trade agreement or trade benefits with the European Union, see Figure 2.5. Appendix 

D provides insight in some of the FTA’s in which the EU participates and the reason behind the 

agreements. At the moment of writing this report (December 2018), it is unclear what the termination 

of the UK membership of the EU will have as impact on its trade relationship with the EU.  

  

Figure 2.5 EU's current FTAs and FTA negotiations obtained from:  

http://trade.ec.europa.eu/doclib/docs/2006/december/tradoc_118238.pdf at 04-01-2019 

2.5 Key takeaways chapter 2 
Import duties are duties that have to be paid when importing a product into a country. If products 

meet the Preferential Rules of Origin (PRoO) the products qualify for import duty reduction. The 

PRoO differ between trade agreements and goods type, but there are common rule types. An 

important rule type is the Not-Regional Value Content (NRVC) rule, which states that a product is 

preferential if the value of not preferential materials does not exceed a certain percentage of the total 

product value. To determine the product value, the EU uses the ex-works price (price of a good when 

it leaves the factory) of a product. However, when duties have to be paid, the amount of duties is 

commonly a percentage of the Cost, Freight and Insurance (the price when a product enters a 

country) or the Free on Board price (the price when a product is loaded on the ship).   

Figure 2.4 Description of the for this paper most important incoterms (EXW, FOB and CIF), obtained from  
https://www.logisticsplus.net/wp-content/uploads/2015/01/WCA_Incoterms.png at 06-12-2018 
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CHAPTER 3. RESEARCH CONTEXT DESCRIPTION 
This chapter describes the context in which the research will be performed. Firstly, Dow, the 

company where the research is performed is briefly introduced in section 3.1. Secondly, the benefits 

preferential goods can bring to this company are described in section 3.2. Thirdly, how Dow deals 

with preferential goods is elaborated upon in section 3.3. Finally, the role of preference in the 

purchasing and sales process of Dow is explained, to put the research topic into context, in sections 

3.4 and 3.5 respectively.  

3.1 Research environment description 
The research is staged in the European department of Dow chemicals, which is part of DowDupont. 

DowDupont had over 62 billion dollars revenue globally in 2017 and is located in about 160 countries 

(DowDupont, 2017). Dow mainly produces intermediate goods of plastic for further processing inside 

and outside of the company, it usually does not produce finished goods. The volumes of production 

vary from low volume goods (specialty goods) to very high-volume goods (commodity goods). 

In 2017, Dow sold thousands of different stock keeping units, internally referred to as General 

Material Identifications (GMIDs), which were shipped from at least one of the various sites in the 19 

EU countries were Dow is located. The company registers for each GMID in the plant in which it is 

produced or shipped whether the product has a preferential origin, since this can differ between 

plants. The vast majority of the total economic value that is shipped to FTA countries from the EU 

consists of preferential shipped products.  

3.2 Benefits of preferential goods 
As described in chapter 2, Dow can benefit from preferential products in three different ways.  

1. Dow can buy preferential materials from countries within the FTA, which allows them to 

pay reduced import duties. This is illustrated in figure 3.1, where the ‘Pay import duties’ can 

be avoided by buying preferential materials, assuming full import duty reduction.  

2. Dow can produce preferential products and sell these products to customers in FTA 

countries. Although in most cases the customer is responsible for paying the import duties, 

Dow can also benefit from producing preferential products since they can offer their 

products to the customers for a lower net price than if Dow would produce not preferential 

products. This is illustrated in figure 3.2, where the ‘Pay import duties’ can be avoided by 

buying preferential materials, assuming full import duty reduction. 

Figure 3.1 Third way to benefit from preferential goods 

Figure 3.1 First way to benefit from 
preferential goods 

Figure 3.2 Second way to benefit from 
preferential goods 
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3. Most of Dow’s customers in the EU use Dow’s product in their manufacturing process. Dow’s 

customers can also benefit from producing preferential products. Whether Dow’s 

customers’ products are preferential is often dependent on the materials which Dow’s 

customers use. This means that whether Dow’s product has a preferential origin, might 

affect whether Dow’s customers produce products with a preferential origin as well. This 

way, the preferential product made by Dow has a strategic advantage over its competitors 

which might not supply preferential products. This benefit is illustrated in figure 3.3 and 

example 3 in appendix B.2. 

3.3 Preference at Dow 
The PRoO have been implemented in Dow’s Enterprise Resource Planning (ERP) system. The system 

determines whether a product has a preferential origin for each FTA individually. Further analyses 

on topics such as why a product does not have a preferential origin, what will happen when a certain 

choice is made or what can be done to obtain a preferential origin for a product, are performed 

manually. These analyses require in-depth knowledge, are time consuming, can be inaccurate and 

are error-prone. This section introduces how Dow’s ERP system determines the preferential origin 

and how Dow is performing in the field of preference. 

3.3.1 Determining preferential origin at Dow 
To prove to the customers that a good has a preferential origin, a proof of origin is required. What 

satisfies as a proof of origin differs between countries of import. For exports that remain within the 

EU, this proof of origin is called a Long-Term Supplier Declaration (LTSD). LTSDs state for which 

FTAs the good has a preferential origin and are valid for all goods that are supplied until the expiring 

date. If the preferential origin of the good changes, the exporting party is obligated to inform the 

importing party with the changes and to supply a new LTSD. For convenience, Dow makes a 

distinction between outgoing and incoming LTSDs. Outgoing declarations of preferential origin to 

their customers within the EU are referred to as LTSDs. Incoming declarations for the materials used 

in production are referred to as LTVDs. The content of these documents is similar. Exporting outside 

of the EU often requires a statement of preferential origin on the delivery note of the product as proof 

of origin, but additional documents might be required. 

Dow determines whether a GMID has a preferential origin, this is registered per plant individually. 

For each GMID at a plant it is registered how the GMID is procured. There are three options, a GMID 

is either only obtained by production within the plant (called internal procurement), only obtained 

from outside the plant (external procurement) or both produced in the plant and obtained from 

outside the plant (mixed procurement). 

While the preferential origin of goods is stored on plant level, the LTVDs and LTSDs are received 

and provided per administration unit, which is a cluster of plants, often based on geographical 

location and consisting of a few to dozens of plants. For example, all plants in Belgium, the 

Netherlands and Luxemburg form one administration unit. 

Table 3.1 shows to which requirements a GMID should comply with, for Dow’s ERP system to admit 

a preferential origin to a GMID for each FTA individually. 

The ex-works price of each good is recalculated in the company’s ERP system on a weekly basis. At 

the start of each week a schedule is made for production. Based on this schedule, the overhead costs, 

such as factory rent and indirect wages, are allocated over the products. The material costs of the 

input materials include all costs for a product until it arrives at Dow’s plants (including 

transportation costs, shipments and duties). The NRVC percentage threshold is compared to the 

weekly determined prediction of the ex-works price to determine whether a product is manufactured 

preferentially. 
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Requirements for a GMID to be admitted 
with preferential origin by Dow’s ERP 
system: 

Internal 
procurement 

Mixed 
procurement 

External 
procurement 

All Bills of Materials (BOMs) that form the 
GMID that are registered at the plant create a 
preferential good. 

x x  

All outstanding LTVDs of the GMID at the 
administration unit of the plant state that the 
GMID is preferential.  

 x x 

All physical goods of a GMID that are shipped 
from within the administration unit to the 
plant were preferential in that calendar year. 

 x x 

Table 3.1 Rules should be met for a GMID to marked as preferential by Dow's ERP system 

While the ex-works price is determined weekly, the determination of preferential origin is performed 

on a monthly basis for all GMIDs. During the determination, the ERP system uses the current ex-

works price. If there is a change during the month, such as a newly received or updated LTVD, the 

preferential origin of the GMID can be determined individually, outside of the monthly 

determination.  

If a good is shipped to an FTA, the preferential origin of the GMID that is stored per plant is printed 

on the delivery note. This delivery note is in most cases sufficient as proof of origin, but additional 

requirements might apply for some FTA countries. In contrast to the statement on the delivery note, 

on which a statement of the preferential origin of the GMID at the plant is printed, LTSDs are 

supplied from a whole administration unit. This means that an LTSD is only supplied with a 

statement of preferential origin if the GMID is preferential at all plants that register the GMID within 

the administration unit. If there is one plant in the administration unit where the GMID is not 

preferential, a statement that the GMID is not preferential will be printed on the LTSD. 

3.3.2 Preference at Dow in 2017 
In this section, an analysis is conducted to investigate how well Dow is performing in terms of import 

duty savings and to identify the HS headings on which the research should focus to have a significant 

impact with a limited amount of effort. Due to confidentiality, only the conclusion of the analysis is 

presented in this subsection. 

In 2017, the vast majority of products that were shipped to FTA countries were shipped preferentially, 

resulting in saving a few dozen millions of euros. The HS headings 2707, 2711, 2901, 2902, 2903, 2909, 

2910, 3901, 3906, 3907, 3909, 3912, and 3914 combined formed over 80% of the value of all shipments 

within the EU and to FTA countries. 

Inward Processing Relief (IPR, i.e. not paying import duties over materials that are part of products 

that will be exported in a later stage) is applied at the company, but very limited. Only a few GMIDs 

have a license for IPR. Despite of the small number of products, the IPR saving for Dow in 2017 was 

significant, due to the high volume of these products.  IPR will be further expanded upon in a later 

stage of this thesis. 

3.4 Role of the preferential origin of goods in Dow’s purchasing process of materials  
Whether a material has a preferential origin is only one of the considerations when selecting vendors 

for purchasing materials. For most products, it is not one of the top priorities for selecting a vendor. 

However, considering the preferential origin of a product during the vendor selection, might result 

in significant savings in costs. This section briefly explains Dow’s purchasing process of materials and 
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which factors are important. Because of confidentiality reasons, the process and purchasing 

considerations are described on a high level.  

Vendor and material selection is performed by the purchasing department. When a contract 

terminates, when an opportunity for cost reduction is identified or when another need for a purchase 

decision arises, the purchasing department starts their process. The purchasing department in 

cooperation with Dow’s production units defines the requirements for the materials and asks 

approved vendors for an offer. The purchasing department checks whether the received offers meet 

the defined requirements. When a vendor is selected, the plants can place their orders at the vendor. 

The performance of the vendors is monitored as input for future purchases. The contract with a 

vendor can last between a few weeks to over a year, depending on the material type. To reduce risks, 

most important materials are bought from multiple vendors.  

When selecting vendors, the preferential origin of the materials is only one of the many aspects that 

are considered. The most important aspect is whether the delivered products are safe to use and 

compatible with Dow’s current plants. To ensure this, Dow only works with approved vendors. Some 

products only have one approved vendor, some have up to 10 approved vendors. It is very costly to 

approve a vendor and therefore, approving a vendor is commonly only done when there is a high 

urgency. Besides safety and compatibility with plants, also other factors such as quality of the 

(logistic) services, price, currency fluctuations and risks related to customs are factors in the vendor 

selection process.  

In some cases, Dow’s purchasing department has too little insight in the effects of its vendor selection 

process on the preferential status of goods produced by Dow. Therefore, in these cases, the 

preferential origin is not taken into account or the effects are overlooked. Providing insight on the 

effects on the preferential status of produced goods to the purchasing department is an opportunity 

for Dow to decrease total supply chain costs rather than lowering costs for only one stage in the 

supply chain. For example, it has occurred that due to a supplier change, a produced product which 

was preferential became not preferential, resulting in a lowered customer satisfaction and lost sales.  

Furthermore, the key performance indicators of the purchasing department do not encourage their 

employees to buy preferential products if these are more expensive than not preferential products, 

especially if the benefits of purchasing the preferential materials remain unknown.   

3.5 Role of preferential goods in Dow’s sales process 
Whether the preferential origin of Dow’s products play a role in the sales process is business unit and 

case dependent. In some businesses the preferential origin is of great importance, in others it hardly 

plays a role. Within a business, some customers value the preferential origin more than others. Again, 

because of confidentiality reasons, only a high-level description is provided in this section. 

In most cases, most customers do not ask whether Dow’s products have a preferential origin before 

they decide to buy Dow’s products. This suggests that for these customers the preferential origin of 

the goods is not important. However, some new customers assume that Dow’s product is preferential 

because it is made in the EU. There have been cases where the customer was unpleasantly surprised 

when they found out that the product Dow produces does not have a preferential origin. 

Additionally, the preferential origin of the products is often important for existing customers. In the 

past, there were several occasions where Dow lost customers due to a change in preferential origin.  

When customers ask Dow whether Dow’s products have a preferential origin, Dow commonly 

declares whether the product is currently produced and shipped preferentially and does not give any 

promises for the future. However, there are some contracts with customers where Dow states that it 

will ship preferential products. Dow commonly does not actively use the preferential origin of its 

products during its sales process.  
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3.6 Key takeaways chapter 3 
The research takes place at the European department of Dow chemicals. Dow produces mostly 

intermediate goods in various industries, with a focus on plastics. They can benefit from trading 

preferential goods in three ways: by buying preferential materials, selling preferential products which 

results in duty savings for Dow’s customers and by selling preferential products to customers within 

the EU, that use Dow’s product for further manufacturing.  

Determining whether a product is preferential is performed by Dow’s ERP system. Any exceptions or 

further analyses on this topic are performed manually, which require in-depth knowledge, is time 

consuming, may be inaccurate and is error-prone.  

The preferential origin of goods is commonly not high on the agenda of Dow’s purchasing 

department. Since it is unknown at the moment what the exact effects of purchase decisions will be 

on the preferential origin of Dow’s produced goods, it is hard to make strategic purchase decisions 

on this topic. 
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CHAPTER 4. OPPORTUNITY STATEMENT 
There is an opportunity for improvement on preferential product purchasing and manufacturing 

within the company. This chapter explains the opportunity which the research is going to address 

and the effects of realizing this opportunity. 

In short, the following signals are found in the company which point at the existence of this 

opportunity: 

• The purchasing department commonly does not take the preferential origin of materials they 

purchase into account, other than the effect on the direct import duty relief. Recently, this 

lead to a problem where a manufactured product became not preferential due to a change in 

material purchasing. The product not being preferential resulted in lost sales. 

• When a (new) customer asks whether a product can be produced preferentially, Dow can 

only state whether it is currently manufactured preferentially and commonly does not 

guarantee preferential manufacturing for the future. Dow could ask customers for a higher 

price if it could guarantee that it will ship preferential products to these customers. 

• There is little knowledge across the organization on preferential products and the benefits 

they could provide. Especially in the purchase and sales department this has a big impact. 

People unfamiliar with preferential products or with little knowledge on the subject can 

either miss opportunities to increase profit by means of preferential products or make 

agreements on preferential products which Dow cannot keep. 

• Dow’s account managers with knowledge on preferential products cannot use the full 

potential of the preferential origin during price negotiations. This is because they do not 

know how much advantages their preferential product has over their competitors’ not 

preferential products.  

• The preferential origin is only determined after a product is produced. There is no systematic 

way to predict what effect changes, such as buying materials from other vendors, changes in 

sales predictions or changes in manufacturing costs, have on the preferential origin of Dow’s 

goods and their associated costs.  

These signs all point to the following opportunity statement, which this research will focus on: 

Dow can improve its supply chain profitability and competitiveness by being better able to predict 

whether its manufactured products obtain a preferential origin and to estimate what effects in terms of 

costs a preferential origin has, making it possible for the purchase and sales function of the company 

to adapt its strategy and decisions based on the expected costs, duty savings, and strategic advantage 

Dow’s products can deliver. 

Seizing this opportunity could have the following benefits: 

• It allows making strategic purchase decisions based on the preferential origin of materials.  

• It can help identify which materials could be sourced differently in order to obtain lower 

supply chain costs. 

• Across the whole organization, it can help to increase the knowledge and understanding on 

how the free trade agreements work and how Dow can benefit from them. 

• It can help the sales department use the full value of the preferential origin of its products as 

leverage in price negotiations. 

• It can increase sales of products that are at this moment not preferential but become 

preferential due to a change in purchasing strategy. 

• It can prevent lower customer satisfaction and sales losses due to unforeseen changes in 

preferential origin.  
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CHAPTER 5. RESEARCH QUESTIONS, METHODOLOGY AND DELIVERABLES 
This chapter describes the research questions, methodology, scope, and deliverables of the thesis. 

5.1 Research questions  
To better predict whether Dow’s manufactured products will have a preferential origin and to 

estimate what effects in terms of costs this preferential origin has, a research will be conducted. The 

main research question of this research is: 

How does the preferential origin of the materials purchased by Dow influence the total cost of Dow’s 

supply chain? 

Three different settings will be considered to give an elaborate answer to this research question. 

These four settings will be presented as four sub-research questions. These sub-research questions 

are presented in the following sections. 

5.1.1 Research Question 1 – Effects of Dow’s purchase decisions on Tier 1 customers 
For the first research question, the total costs that a customer has when purchasing a product from 

Dow, excluding Dow’s profit margin, are considered. These total costs consist of Dow’s material costs, 

Dow’s conversion costs, transportation related costs to ship the product from Dow to the customer’s 

country, and possibly import duty over the purchased product. The following research question (RQ) 

is answered:    

RQ 1. How does the preferential origin of purchased materials used in the manufacturing of one 

product influence the supply chain costs of Dow until the product reaches the Tier 1 customers’ 

country (including transportation costs and import duties)? 

In this setting, Dow manufactures one product made of materials from the EU, FTAs, and RoW. The 
manufactured product is then shipped to the EU, different FTA countries, and RoW. The model 

identifies the set of materials that minimizes the total costs of manufacturing the product and 

calculates the associated costs. The setting is illustrated in figure 5.1. 

 

5.1.2 Research Question 2 – Effects of Dow’s purchase decisions on EU Tier 1 customers 
The second research question will focus on Dow’s customers in the EU (tier 1 customers), and the 

costs of their supply chain until the product reaches the country of their customers (tier 2 customers). 

Research question 2 is stated as: 

RQ 2. How does the preferential origin of the by Dow purchased materials used in the manufacturing 

of one product that is shipped to Tier 1 customers in the EU, influence the decision making of 

Figure 5.1 Setting of research question 1 
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the Tier 1 customers in the EU and their supply chain costs until the product reaches the Tier 2 

customers’ country (including transportation costs and import duties)? 

The setting of this research question is displayed in figure 5.2. The Tier 1 customers produce products 

made from materials from the EU, FTAs and RoW, where Dow is one of the suppliers of a material 

from the EU. Multiple Tier 1 customers are considered.  

 

Figure 5.2 Setting of research question 2 - Supply chain costs for Tier 1 customers in the EU 

The total supply chain cost includes the material costs of Tier 0 and Tier 1 materials (including Dow’s 

product), conversion costs of both Dow and the Tier 1 customer in the EU, transportation costs, and 

possible import duties. The focus for RQ2 will remain on the effects of the purchase decisions that 

Dow makes. The model identifies the set of materials that minimizes the total costs of manufacturing 

the product and calculates the associated costs for both Dow and its Tier 1 customers. 

5.1.3 Alternative research question 3 – – Effects of one material used in multiple products 
In the original research proposal, two more research questions were proposed. These research 

questions built forward on RQ 1 and RQ 2. However, during answering RQ 2, it was found out that 

there was too little additional benefit to answer these two research questions. Instead, alternative 

research question 3 is proposed. The original research questions 3 and 4 can be found in appendix F. 

Alternative research question 3 looks at a setting where several products all contain one common 

material type. The products are shipped to Tier 1 customers in the EU, FTA countries and RoW. The 

common material type can only be purchased at one vendor. This research question is defined as: 

RQ 3'. How does the preferential origin of one common material type used in the manufacturing 

of multiple products influence the supply chain costs of Dow until the product reaches the 

Tier 1 customers’ country (including transportation costs and import duties)?  

The setting of alternative research question 3 is illustrated in figure 5.3. The answer of alternative 

research question 3 should show how the preferential origin of one material type, which is used in 

different products, affects Dow’s costs. In this case, Dow’s costs are defined as all costs that are made 

until Dow’s product reaches its customer’s country, including manufacturing costs, transportation 

costs and duty costs. 
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Figure 5.3 Setting of RQ 3' 

First, a model is created which is required for all research questions. This model can determine 

whether a product is preferential for a given set of materials and a given FTA. Second, for each of the 

three research questions an optimization problem will be described. By solving these problems, Dow 

gets insights in what decisions to take to minimize supply chain costs as described in the setting of 

each research question.  The next sections will elaborate upon the models used to answer the 

research questions. 

5.1.4 Model 1 – Determine preferential origin for a given FTA country and set of materials 

The first model determines or predicts whether a manufactured product has a preferential origin for 

a specific FTA, based on its HS heading, characteristics and price of the materials used in production 

and conversion costs. This is illustrated in figure 5.4.  

 

Figure 5.4 Black box of model 1 - Determine preferential origin given a product, FTA and set of material vendors 

5.1.5 Optimization problem – (Mixed) integer program 
For each of the three research questions an optimization problem is created. This optimization 

problem will form a (mixed) integer program. This (mixed) integer program will determine the costs 

minimizing vendors and associated costs, given a product and a set of vendors for the product’s 

materials and associated material costs and preferential origin (determined using model 1). The 

settings for which the (M)ILPs will apply differ, but the input variables and mechanisms greatly 
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overlap. The basic black box model of the (M)ILPs is illustrated in figure 5.5. It might happen that 

additional input variables are required for specific (M)ILPs. 

 

Figure 5.5 Basic black box model for the optimization problems 

5.2 Deliverables 
The current project has three deliverables: the described models, the current master thesis and a 

tool. The tool uses the optimization model that is created for RQ 1 as illustrated in figure 5.5 to solve 

the optimization problem in real world problems. The tool extracts all necessary available data from 

the company’s ERP system, and the user is asked to supply the remaining required data. The tool also 

prepares the real-world data into a form the optimization problem can use.  

The intended user is an employee from the preference team of Dow Europe. This user should have 

sufficient knowledge on the field of preference to be able to use the tool and know how to interpret 

the results. The tool is intended for analytical and strategic purposes. However, calculation errors 

and inaccuracies may occur, which is why the tool should not be used for compliance activities. 

5.3 Scope and implementation 
In addition to the proposed settings, the scope is defined as follows:  

• Only Dow’s factories in the EU, their direct customers and customers of Dow’s customers in 

the EU are inside the scope. Other factories are excluded from the scope of this project. 

• Only HS headings: 2707, 2711, 2901, 2902, 2903, 2909, 2910, 3901, 3906, 3907, 3909, 3912, and 

3914 are considered. All other HS headings are excluded in this project.  

• Only FTAs stated in Appendix Table E.1 of Appendix E are included in the scope.  

• Risks aspects and non-costs related aspects of the vendor selection process are excluded from 

the scope. The models and tool only look at the costs aspects of the vendor selection process. 

• Decisions other than where to purchase materials are excluded from the scope. The models 

and tool presented in this thesis will not be designed to make decisions such as where to 

manufacture a product, whether to purchase or in-house produce raw materials or how much 

of the product should be exported. 

• The models only consider a deterministic model. Chances and changes are not taken into 

account 

The responsibility of implementing the tool, maintaining the functionality (due to changing rules) 

and extending the usage of the tool to other countries or products is given back to the leadership of 

the Preference team of Dow Europe.   
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CHAPTER 6. OVERVIEW OF PREFERENTIAL RULES OF ORIGIN 
Before answering the research questions, the applicable PRoO of the FTAs within scope should be 

known. In this chapter, the PRoO of the HS headings and FTAs within the scope are structured. 

The PRoO consist of a set of list rules. List rules are the rules a product should comply with to be a 

preferential product. Throughout this thesis a clear distinction is made between specific list rules 

and general list rule types, which can be explained by an example. A product of HS heading 2901 

qualifies for a preferential origin in the EU-Switzerland FTA if the product has undergone an in the 

FTA agreement defined processing or consists of less than 50% of its ex-works price of materials from 

the same heading as the manufactured product (2901) that are either not preferential or not made in 

the EU.  This is the list rule. This list rule exists of two list rule types, combined with an OR statement. 

The first list rule type is “the product must have undergone an in the FTA agreements defined 

processing” and the second list rule type is “the product must consist of less than ‘x’% of its ex-works 

price of materials from the same heading as the manufactured product that are either not preferential 

or not made in the EU” 

For all HS headings and FTA countries within the scope the different list rule types are identified and 

the list rules of the products are structured in a clear table, provided in appendix G. Eight different 

list rules types were found, the eighth being a combination of rule types 6 and 7 (see table 6.1). 

List rule type 1 describes that the product must have undergone an, in the FTA agreement defined, 

processing. For example, In the EU-Switzerland FTA, a good of heading 2901 is preferential if it has 

undergone one of the following processing: vacuum-distillation, redistillation by a very thorough 

fractionation process, cracking, reforming, etc. List rule type 2 states that the product should be 

manufactured from a specific product. For example, a polyester of HS heading 3907 is preferential if 

it is made from polycarbonate or tetrabromo-(bisphenal A) in the EU-Switzerland FTA. List rule type 

3 states that a product can be made from not preferential materials of any heading, in other words 

the product is always preferential. This list rule type is quite rare, but it occurs if there is a shortage 

of that type of product in one of the FTA countries. List rule type 4 does not allow any not preferential 

materials of the same heading as the product. Preferential materials of the same heading or not 

preferential materials of another heading are allowed. List rule type 5 is a variation on the previous 

rule type, it allows a percentage of the ex-works price to be not preferential materials of the same 

heading. The ex-works price of a product is the economic value of the product when it leaves the 

factory. List rules 6 and 7 are a variation of list rule type 5 but are stricter. List rule type 6 allows a 

percentage of the ex-works price to be from not preferential materials of the same chapter. Materials 

from a different chapter are allowed to be not preferential. List rule type 7 only allows a percentage 

of the ex-works price to be from not preferential materials of any heading or chapter. List rule type 

8 is the ‘AND’ combination of list rule type 6 and 7. This was the only ‘AND’ combination found for 

the product groups and FTAs in scope.  

It is possible that for a product only one list rule type applies, but it is also possible that multiple list 

rule types apply as a result of (a combination of) ‘OR’ and ‘AND’ rules. A product is preferential if at 

least one of the ‘OR’ statements that are mentioned for that product in the preferential rules of origin 

of an FTA agreement is met. By including the eighth rule type (type 6 AND 7) in the set of list rule 

types, a product is always preferential if one of the lists rule types applies for the product and is met.  

For example, HS code 3901 in the EU-Switzerland agreement is preferential if either list rule ‘type 8 

(with y = 20% AND z = 50%)’ OR ‘7 (with z = 25%)’ is met. 
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# For a manufactured product to qualify for a  preferential origin, the product must: 

1 Have undergone an in the FTA agreement defined processing. 

2 Be manufactured from a specific product (e.g. polycarbonate of tetrabromo-(bisphenol A)). 

3 Be produced from materials of any heading (i.e. this product is always preferential). 

4 Be produced only from preferential materials with the same heading as the product or 
materials with a different heading. 

5 Consist of less than ‘x’% of its ex-works price of materials from the same heading as the 
manufactured product that are either not preferential or not made in the EU 

6 Consist of less than ‘y’% of its ex-works price of materials from the same chapter as the 
manufactured product that are either not preferential or not made in the EU 

7 Consist of less than ‘z’% of its ex-works price of materials that are either not preferential or 
not made in the EU 

8 Consist of less than ‘y’% of its ex-works price of materials from the same chapter as the 
manufactured product that are either not preferential or not made in the EU AND consist 
of less than ‘z’% of its ex-works price of materials that are either not preferential or not made 
in the EU 

Table 6.1 List rule types that were identified for all products and FTAs within scope 
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CHAPTER 7. RESEARCH QUESTION 1  
In this chapter, RQ 1 is addressed by creating an algorithm that calculates which combination of 

vendors leads to the lowest costs for a product to be delivered at the customers. This algorithm is 

based on a model that can determine the preferential origin and a cost optimization model that can 

calculate the total costs for a given combination of vendors. This way, the effects of the purchased 

materials on Dow’s total costs can be found. Before creating an algorithm, the general costs factors, 

used notation and an ILP that determines whether a product has a preferential origin is elaborated 

upon. This forms a basis from where the different settings can be addressed. 

The situation, assumptions and costs factors are described in sections 7.1 to 7.3 respectively. Next, 

the available literature on this topic is compared to the setting that is introduced in this chapter in 

section 7.4. The models and algorithm used to solve the research question are presented in sections 

7.5 to 7.8. The implementation of the tool and deviations from Dow’s actual work processes are 

described in section 7.9. Finally, the benefits and limitations of the in this chapter presented models, 

algorithm and tool are discussed in section 7.10. 

7.1 Setting description 
Consider the setting as illustrated in figure 5.1, where Dow produces a product, which is shipped to 

customers located in the domestic market (the EU), FTA countries and the rest of the world. Import 

duties have to be paid over products that are shipped outside of the domestic market. However, when 

a preferential product is shipped to an FTA country, no import duties have to be paid over the 

product. 

Although the customer is responsible for paying import duties, and therefore benefits directly from 

the import duty reduction when buying preferential goods, the selling company also benefits from 

the costs reduction, because their product is more attractive. Therefore, the costs until a product 

reaches the country of the buyer (including import duties) are considered in this model. 

In this thesis, a distinction is made between goods version and goods type. A goods type is a set of 

goods that have identical physical characteristics and are fully interchangeable. As an example, 

‘Ethylene’ is a goods type, ethylene supplied by a firm should be physically identical to ethylene 

supplied by another firm. A goods version is a physical good that is manufactured by a firm. Ethylene 

manufactured by Dow and ethylene manufactured by another company are two examples of different 

goods versions of the same goods type.  

The set of goods types consist of goods types that are used as input for a manufacturing process 

(material types) and goods types that are output for manufacturing processes (product types). When 

looking at one manufacturing process, the set of product types and the set of material types are 

considered as mutually exclusive. However, between manufacturing processes, it might happen that 

a product type of a manufacturing process serves as a material type for another manufacturing 

process.  

Dow’s products are manufactured from one or more material types. Each material type can be 

sourced from one or more vendors (i.e. have one or more material versions). Each possible 

combination of material versions that can manufacture the product is called a configuration. For 

example, a product that can be manufactured from two material types, both having 2 different 

vendors will have (2 ∙ 2=) 4 configurations. It is also possible that a product can be produced from 

different material type combinations, i.e. with different Bill of Materials (BOM, i.e. list of materials). 

Take the previous example and assume that now there is a second BOM. This BOM exists of 3 

material types, having respectively 3, 2 and 2 material versions. This BOM will lead to (3 ∙ 2 ∙ 2 =) 12 

configurations, making a total of (12 + 4 =) 16 configurations to create this product. It is stressed that 
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two identical goods made by the same manufacturer used in two different configurations are goods 

of the same goods version. 

The firm encounters different types of costs when producing and selling a good. These include 

material costs, variable and fixed conversion costs, transportation costs and duty related costs. Each 

of these costs will be further elaborated upon in section 7.3. 

7.2 Model assumptions 
The following assumptions are made: 

# Assumption 
1 There is no economy of scale. 
2 Each material type is bought from only one vendor. 
3 There is ample capacity at the suppliers and manufacturers to meet demand. 
4 Each configuration of a product creates the exact same product.  
5 When a product is preferential, no import duties have to be paid. 
6 Prices do not fluctuate over time 

Assumption 1 implies that the materials are not cheaper when bought in big batches, and therefore 

the result of selecting a vendor for a material type for one product does not affect the purchase 

decisions of that material type for other products. This means that the purchase decision of all 

material types of one product can be approached independently of the purchase decisions of the 

material types of other products. Implementing economy of scale and dependency between multiple 

products will cause the number of options in the model to explode and will increase the complexity, 

making the model hard to use and loose its purpose. The assumption of no economy of scale might, 

in some situations, have a significant impact, and for these situations it would be valuable to relax 

assumption 1. Alternative research question 3 takes a first step in relaxing this assumption, by 

considering one material type that is used in several products and can only be bought from one 

vendor.  

Assumption 2 states that each material type is bought from only one vendor. When a mix of 

preferential and not preferential material versions of the same material type is used in production, 

then the material versions are only preferential if all versions of the same type are preferential for a 

specific FTA. A combination of two material versions of the same material type will never lead to 

lower costs than the material version that leads to the lowest costs. Therefore, in costs perspective, 

it would make no sense to source a material type from multiple vendors. Assumption 2 follows from 

this conclusion. 

Assumption 3 states that there is ample capacity at the suppliers and manufactures to meet demand. 

In the chemical industry, suppliers often have large enough capacity to meet demand and therefore 

it is expected that this assumption has little impact.  

Assumption 4 states that each configuration of a product creates the exact same product. Products 

that physically have different characteristics are defined as different products by Dow. 

Assumption 5 states that there is full import duty reduction when a product is preferential. 

Commonly this assumption aligns with the reality, although there is a limited amount of exceptions. 

This assumption is relaxed for all models and algorithms in this thesis in Appendix K. 

Assumption 6 states that the prices do not fluctuate over time. For most cases, price fluctuations do 

not have an impact on whether a product will have a preferential origin, and therefore this 

assumption has limited impact on the presented models. For the cases where a change in price might 

result in a different preferential origin, the models can be used to do an additional analysis with the 

new prices. 
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7.3 Cost factors 
A company encounters different types of costs when producing and selling a good. These include 

material costs, variable and fixed conversion costs, transportation costs and duty related costs. Each 

of these costs factors are explained in the current section. 

7.3.1 Manufacturing costs  
The manufacturing costs consist of material costs and conversion costs. This thesis distinguishes the 

unit configuration manufacturing costs and total manufacturing costs. The unit configuration 

manufacturing costs are defined as the manufacturing costs of one unit using a given configuration. 

Both the material and conversion costs are configuration dependent. The total manufacturing costs 

are the configuration manufacturing costs of the chosen configuration of all manufactured units. 

Material costs 

This thesis makes a distinction between two types of material costs. The first type is unit material 

version costs, which is the cost of one unit of a material version. The second type is the unit 

configuration material costs, which is the costs of all materials required to produce one unit of a 

product using the specified configuration.  

The unit material version costs and unit configuration material costs include all costs until the 

material(s) arrive(s) at the plant where the product is manufactured, including possible import 

duties. If a material version qualifies for Inward Processing Relief (IPR), these duty savings are 

deducted in a separate costs factor.  

Conversion costs 

Conversion costs include all costs that are necessary to convert materials into products and sell the 

product, including labor costs, utilities, maintenance costs, depreciation, factory rent, and indirect 

overhead, such as the costs of supporting departments (sales, planning, marketing etc.). Conversion 

costs are divided in variable and fixed costs. Fixed conversion costs, are costs that are independent 

of the level of activity. Costs that do depend on the level of activity are called variable conversion 

costs. 

The following costs fall under variable conversion costs: Fuels, utilities, package materials, 

warehousing costs, outsourced labor, royalties and fines. Fixed overhead costs include: labor costs of 

own hired employees, maintenance costs, factory and site rent, taxes, insurance and indirect 

overhead costs (costs not directly liked to producing a product, such as costs for supporting 

departments).  

Since the goal of the model is to predict the effect of purchase decisions on the total costs and find 

the financially most attractive purchase decision, the conversion costs have to be predicted. For this 

thesis, the actual conversion cost prediction of Dow is used to estimate the fixed and variable 

conversion costs. In this estimation, all costs that cannot be allocated to a specific activity are 

allocated based on predicted production hours. Costs that can be allocated, such as utility costs are 

allocated based on allocation rules, which are specified by the production plant employees and are 

based on historical data or process characteristics.  

Most configurations of a product will have an identical production process and production time. For 

example, if identical material types are used, but different material versions, the production process 

and time would not change. These configurations have the same fixed and variable conversion costs. 

For configurations that require a different production process, due to the use of different material 

types, the fixed and variable conversion costs could change. 
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7.3.2 Transportation costs 
Transportation costs consist of costs of transporting a shipment from the company that 

manufactured the product to its customer. The buyer and supplier agree on who pays for which part 

of the transportation using incoterms (explained in section 2.3 and appendix C.2). A change in the 

incoterm that is used will not affect the configurations that the models in this thesis choose, as long 

as a consistent incoterm is used throughout each analysis.  

7.3.3 Duty costs 
The duty costs for importing materials are included in the material costs. The import duties that have 

to be paid over products that are exported from the domestic market are considered as a separate 

costs factor. In most cases, the amount of the import duties that have to be paid is a percentage of 

the CIF price of the product. However, in some cases it is a percentage of the FOB price or based on 

the volume or weight of the imported product. The import duties are commonly fully eliminated 

when the product is exported preferentially. 

7.3.4 Inward Processing Relief (IPR) 
IPR is the avoidance of paying import duties over materials that are used in the production of a 

product that is exported not preferentially, as explained in subsection 2.2.2.  Throughout this thesis 

potential IPR savings, lost IPR savings and net IPR savings are distinguished. Potential IPR savings 

are all possible savings on IPR, considering that all products of that material are exported not 

preferentially. The net IPR savings are the real IPR savings. If a proportion of the products are shipped 

preferentially, then the net IPR savings will be lower than the potential IPR savings. This difference 

is called the lost IPR savings. This is illustrated in the following example:  

Consider that a material (which qualifies for IPR) worth €95,-, is used in the production of 95 

kilogram (kg) of a product. 40 kg of the produced product is shipped to the RoW, 30 kg is shipped 

not preferentially to an FTA country, 20 kg is shipped preferentially to an FTA country and 5 kg 

remains within the domestic market. The potential IPR savings are (40+30+20=) €90,-, the net IPR 

savings (40+30=) €70,- and the lost IPR savings (90-70=) €20. 

7.4 Comparing existing models  
Problems similar to the problem presented in this thesis have already been dealt with in previous 

literature. Li, Lim, and Rodrigues (2007) and Mariel and Minner (2017) presented models that can be 

used by companies for their vendor selection, taking import duties into consideration. However, their 

models cannot be used to answer the research questions of this thesis. This section briefly explains 

how these two models deviate from the situation presented in this thesis.  

In both papers a (mixed) inter program was created for settings that are quite similar to the one 

described in this chapter, but have the following common deviations: 

• They assume that the preferential origin of all products of their model is based on a list rule 

similar to list rule type 7. The list rule they use states that the product must contain more 

than ‘z’% of its FOB price of costs with a preferential origin, i.e. conversion costs and 

materials that are preferential. All other (combinations) of list rules are not considered. 

• In the EU, list rule type 7 works with ex-works price, rather than FOB price, which is used in 

the paper. Both are the price of the product, but the FOB price consists of the ex-works price 

plus transportation costs to the harbor.  

In addition, Li, Lim, and Rodrigues (2007) studied setting which had the following deviations from 

the settings in this paper. 

• They assume that there is only one way to produce a product. A product is made according 

to one BOM, consisting of several material types. It is not possible to have multiple ways of 
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creating products.  This also results in the fact that the conversion costs are independent of 

the chosen configuration. 

• They do not have the assumption concerning ample capacity (assumption 3 as described 

earlier). 

In addition to the common deviations, Mariel and Minner (2017) studied setting which had the 

following deviations from the settings in this paper: 

• Due to a slightly different goal, they also incorporate the option to open and close plants and 

have multiple time intervals.  

• They do not have the assumption concerning ample capacity. 

As described earlier, the setting of this thesis considers more than one type of list rule. This greatly 

influences the form of the integer programs and their application. For the EU FTAs, the number of 

products which only have list rule type 7 is limited. Therefore, the described models are not very 

useful for companies within the EU, even if the models would get small adjustments to fit the EU 

rules, such as changing the Free on Board price to ex-works price. 

7.5 Notation 
This section introduces most of the indices, sets, parameters and variables that are used across the 

(mixed) integer linear programs ((M)ILPs) that are used in this thesis. Parameters and variables that 

are only used in one (M)ILP or that require deeper knowledge are introduced at a later stage. 

Appendix H shows the summary of the notation used for each (M)ILP. 

The set of all goods is referred to as 𝐺. This set consists of material versions and product versions, 

referred to as 𝑚 and 𝑝 respectively. Material versions and product versions are mutually exclusive 

within a manufacturing process, but a product of one manufacturing process can be a material for 

another process. 

Each possible combination of material versions to produce a product is called a configuration, 

referred to as 𝑣. The set of all configurations for product version 𝑝 is referred to as 𝑉𝑝. The set of 

material versions that are required to produce a product using configuration 𝑣 is called set 𝐺𝑣
𝑟𝑒𝑞. 

A firm is referred to as 𝑓, the set of all firms in the domestic market as 𝐹𝑑𝑜𝑚 and the set of all 

(potential) domestic customers (firms) of product version 𝑝 that use the product for further 

manufacturing is referred to as 𝐹𝑝
𝑑𝑜𝑚. The set of products that are produced by firm 𝑓 is called 𝐺𝑓

𝑝𝑟𝑜𝑑. 

A country is referred to by 𝑛. 𝑁 is the set of all countries in the world and is formed by the following 

mutually exclusive subsets: domestic countries 𝑁𝑑𝑜𝑚, which are all EU member states when 

considering a  product that is made in the EU, 𝑁𝐹𝑇𝐴 which are all countries that have a trade 

agreement with the country where the product is produced (see appendix E for the list of FTA 

countries in the scope of this thesis) and 𝑁𝑅𝑜𝑊 which are all other countries in the world.  

A shipment of products to a customer is referred to as 𝑠. The set of shipments of product version 𝑝 

shipped from firm 𝑓 to country 𝑛 is referred to as 𝑆𝑓𝑝𝑛. 

When speaking about Dow, 𝑓0  is used. Dow’s product is referred to as 𝑝0, a configuration of 𝑝0 is 

referred to as 𝑣0 and Dow’s country as 𝑛0. 
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𝐼𝑛𝑑𝑖𝑐𝑒𝑠 
𝑓 ∈  𝐹, 𝐹𝑝

𝑑𝑜𝑚 = Firm (Dow :=  𝑓0) 

𝑝 ∈ 𝐺, 𝐺𝑝𝑟𝑜𝑑 = Product, i.e. a good which is outcome of a production process (Dow's product := 𝑝0) 
𝑚 ∈ 𝐺,𝐺𝑣

𝑟𝑒𝑞  = Material version, i.e. a good required in production of a product   
𝑣 ∈ 𝑉𝑝  = configuration for the manufacturing of product 𝑝 (𝑝0's  configuration ≔ 𝑣0) 

𝑛 ∈  𝑁, 𝑁𝑑𝑜𝑚, 𝑁𝐹𝑇𝐴 ,𝑁𝑅𝑜𝑊  = Country (Dow’s country ∶= 𝑛0) 
𝑠 ∈ 𝑆𝑓𝑝𝑛 = shipment of products 

   
𝑆𝑒𝑡𝑠 

𝐺,𝐺𝑓
𝑝𝑟𝑜𝑑 , 𝐺𝑣

𝑟𝑒𝑞  = 
Set of goods, set of products of company 𝑓, set of materials required  in production 
 using configuration 𝑣.  

𝑁,𝑁𝑑𝑜𝑚,𝑁𝐹𝑇𝐴 , 𝑁𝑅𝑜𝑊 = Set of countries, set of domestic countries, set of FTA countries, set of RoW countries 
𝑉𝑝 = Set of configurations for product 𝑝 
𝑆𝑓𝑝𝑛 = Set of shipments of product 𝑝 to customer 𝑓 in country 𝑛 

𝐹𝑑𝑜𝑚,𝐹𝑝
𝑑𝑜𝑚 = 

Set of firms within the domestic market, Set of (potential) domestic customers that  
might purchase product 𝑝 for further manufacturing 

The most used parameters and variables are provided in the following table. Variables starting with 

𝐶 are costs, 𝑞 are quantities, 𝑇 are import duties and 𝑦 is a binary variable that states whether a good 

version is preferential. The subscripts refer to which of the indices applies and the superscripts to 

what kind of cost or quantity applies. 𝑚𝑎𝑛, 𝑚𝑎𝑡, ℎ, 𝑓𝑖𝑥,𝑣𝑎𝑟 and 𝑡 refer to respectively manufacturing, 

material, conversion, fixed, variable and transportation. All costs are considered per unit of a good, 

except for the transportation costs, which are the costs for one shipment.  

𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 

𝑞𝑓𝑝𝑝𝑣𝑚
𝑚𝑎𝑛  = Quantity of material version 𝑚 required per unit of 𝑝 when produced using to configuration 𝑣 

𝐶𝑓𝑚
𝑚𝑎𝑡 = Unit material version costs per unit of material version 𝑚 for firm 𝑓 

𝐶𝑓𝑝𝑣
𝑚𝑎𝑛   = 

Configuration manufacturing costs per unit of product version 𝑝 manufactured 

 using configuration 𝑣 by firm 𝑓 

𝐶𝑓𝑝𝑣
ℎ,𝑓𝑖𝑥 = Fixed conversion costs per unit of product version  𝑝 according to configuration 𝑣 for firm 𝑓 

𝐶𝑓𝑝𝑣
ℎ,𝑣𝑎𝑟 = Variable conversion costs per unit of product  version 𝑝 according to configuration 𝑣 for firm 𝑓 

𝐶𝑝𝑠
𝑡  = Transportation costs of shipment 𝑠 consisting product version 𝑝 

𝑞𝑝𝑠 = Quantity of product version 𝑝 in shipment 𝑠 

𝑇𝑝𝑛𝑠 = Tariff that has to be paid over one unit of product version 𝑝 when exported to country 𝑛 in shipment 𝑠 

𝑦𝑓𝑝𝑣𝑛  = {
1 if product version 𝑝  produced using conf. 𝑣 is preferential for FTA country 𝑛  for firm 𝑓
0 if product version 𝑝 produced using conf. 𝑣 is NOT preferential for FTA country 𝑛 for firm 𝑓

 

All the parameters, except  𝑇𝑝𝑛𝑠 are dependent on either the firm, product or production process. 

𝑇𝑝𝑛𝑠 can be calculated from the import tariffs, and it is most often based on the CIF price of the 

product version 𝑝 in shipment 𝑠, but is also sometimes based on the FOB price or weight of the 

product. 

To better understand how the proposed models work, for each step in solving the method a stylized 

example is provided in appendix I. Appendix section I.1 introduces stylized example 5.  

7.6 Costs and savings factors 
This section explains how the costs factors can be calculated. The costs factors explained are the 

configuration manufacturing costs, duty costs, IPR potential savings and lost IPR savings. The 

transportation costs are not elaborated upon since these follow directly from the invoice of the 

transportation company and do not require further calculation. 
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7.6.1 Configuration manufacturing costs 
The configuration manufacturing costs can be calculated using the following formula: 

𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 ∶=  ∑ 𝑞𝑓𝑝𝑣𝑚

𝑚𝑎𝑛 ∙ 𝐶𝑓𝑚
𝑚𝑎𝑡

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

+𝐶𝑓𝑝𝑣
ℎ,𝑓𝑖𝑥

+𝐶𝑓𝑝𝑣
ℎ,𝑣𝑎𝑟

 ∀ 𝑓 ∈ 𝐹, ∀𝑝 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑

, ∀𝑣 ∈ 𝑉𝑝 (7.1) 

These configuration manufacturing costs do not include the possible savings of IPR, which will be 

deducted separately. When no IPR qualifies, the configuration manufacturing costs are identical to 

the ex-works price of a product. 

Example 5.1 of appendix section I.1 shows how the manufacturing costs are calculated for example 5.  

7.6.2 Preferential origin and duty costs 

This subsection explains how it is determined whether a product is preferential and how this affects 

duty costs. Firstly, the notation is explained, followed by the elaboration of the different list rule 

types and the introduction of an integer linear program to determine whether a product is 

preferential. The list rules only apply if the manufacturing process is not a minimal operations 

process (see subsection 2.2.2). If the manufacturing process is a minimal operations process, the 

preferential origin is determined based on the preferential origin of the main material used in 

production. In all other cases, the preferential origin is determined using the list rules. 

Notation 

To describe each of the lists rule types, the following notation is used. Index 𝑖 refers to the list rule 

type as displayed in table 6.1, where 𝑖 = 1 refers to list rule 1, 𝑖 = 2 to list rule 2 and so on. List rule 

type 𝑖 = 8 consists of two components, separated by an AND statement. To refer to these 

components individually, index 𝑗 is introduced. The first component (𝑖 = 8, 𝑗 = 1) is identical to list 

rule type 6 and the second component (𝑖 = 8, 𝑗 = 2) type is identical to list rule type 7.  

To clarify this, consider the following example. Some products of HS heading 3901 are preferential 

for the FTA agreement with Switzerland if they consist of less than 20% of their ex-works price of not 

preferential materials of the same chapter (list rule type 𝑖 = 8, component 𝑗 = 1) AND consist of less 

than 50% of their ex-works price of not preferential materials (list rule type 𝑖 = 8, component 𝑗 = 2). 

Alternatively, the products are also preferential if they consist of less than 25% of the ex-works price 

of not preferential materials (list rule type 𝑖 = 6). 

For list rule types without an AND rule (list rule types 𝑖 ∈ {1,… ,7}), only 𝑗 = 1 exist and 𝑗 = 2 does 

not exist and is not used in the model. See table 7.1 to see which list rule applies for which 𝑖 and 𝑗. 

 For a manufactured product qualifies for a preferential origin, the product must: 

 𝑗 = 1 𝑗 = 2 

𝑖 ∈ {1,… , 7} Applicable list rule as stated in table 6.1. For example 
(for 𝑖 = 1), “have undergone an in the FTA agreement 
defined processing” 

Not applicable 

𝑖 = 8 Consist of less than ‘y’% of its ex-works price of 
materials from the same chapter as the manufactured 
product that are either not preferential or not made in 
the EU. 

Consist of less than ‘z’% of its ex-works price 
of materials that are either not preferential 
or not made in the EU. 

Table 7.1 list rule types for indices i and j 

 

𝐼𝑛𝑑𝑖𝑐𝑒𝑠 
𝑖 = Preferential Rule of Origin number 𝑖 ∈ {1, 2,… , 8} as described in table 6.1  
𝑗 = component of rule 𝑖 for ´AND  ́type list rules. Only important when 𝑖 = 7.  𝑗 ∈ {1,2} 
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Whether a product meets list rule type 𝑖 of the FTA agreement is defined by 𝑧𝑓𝑝𝑣𝑛𝑖. Determining 

whether list rule types 1 and 2 (𝑖 = 1 and 𝑖 = 2)  are met falls out of the scope of the model presented 

in this chapter, this means that  𝑧𝑓𝑝𝑣𝑛1 and 𝑧𝑓𝑝𝑣𝑛2 are parameters rather than a variable. Whether a 

product is preferential is denoted by 𝑦𝑓𝑝𝑣𝑛. Both 𝑧𝑓𝑝𝑣𝑛𝑖 and 𝑦𝑓𝑝𝑣𝑛 are binary variables, with values of 

either 1 or 0.  

List rules types 4, 5, 6 and 8 limit the use of material types of the same HS chapter or heading as the 

HS chapter or heading of the product. Whether a material version meets this material type 

requirement is denoted by  𝛼𝑝𝑚𝑖𝑗, where 𝛼𝑝𝑚𝑖𝑗 = 1 if it does, and 𝛼𝑝𝑚𝑖𝑗 = 0 otherwise. 

The NRVC percentage threshold is referred to as Φ𝑝𝑛𝑖𝑗. It corresponds to the percentages of ‘x’ ‘y’ and 

‘z’ of tables 6.1 and 7.1. Φ𝑝𝑛𝑖1 =  0 if list rule type 𝑖 of country 𝑛 is not applicable for product 𝑝. For 

example, HS code 3901 in the EU-Switzerland agreement is preferential if either list rule type 8 (with 

y = 20%) and (with z = 50%) or 7 (with z = 25%) is met. Φ𝑝𝑛81 = 0,2, Φ𝑝𝑛82 = 0,5, Φ𝑝𝑛71 = 0,25  and 

Φ𝑝𝑛𝑖1 = 0 for all 𝑖 ∈ {3,… , 6}. 

𝑀 is an artificial sufficiently large constant introduced for technical reasons. 𝑀 is sufficiently large if 

𝑀 ≥ 
1

min𝑁𝑅𝑉𝐶
, where 𝑚𝑖𝑛 𝑁𝑅𝑉𝐶 is the smallest NRVC percentage threshold in the list rules of all 

FTAs in scope, for this thesis 𝑀 ≥ 5. 

To summarize, the following new notation is used to determine whether a product is preferential.  

𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 

𝛼𝑝𝑚𝑖𝑗  = {
1 if material version 𝑚 meets the criteria set in rule type 𝑖 component 𝑗  for product 𝑝
0 if material version 𝑚 does not meet the criteria set in rule type 𝑖 component 𝑗 for product 𝑝

 

Φ𝑝𝑛𝑖𝑗  = 

𝑁𝑅VC percentage of component 𝑗  of rule  𝑖 for FTA country 𝑛 for product version 𝑝, i.e. the  
maximum allowed percentage of not preferential materials in manufacturing
Φ𝑝𝑛𝑖1 = 0 if rule type 𝑖 does not apply for product version 𝑝 for FTA country 𝑛

 

𝑀 = A sufficiently large number (𝑀 ≥  5) 

𝑧𝑓𝑝𝑣𝑛𝑖  (𝑖 = {1,2}) = {
1 if product 𝑝 produced using conf. 𝑣 complies to rule type 𝑖 for country 𝑛 for firm 𝑓
0 if product 𝑝 produced using conf. 𝑣 does not comply to rule type 𝑖 for country 𝑛 for firm 𝑓

 

   
𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 

𝑧𝑓𝑝𝑣𝑛𝑖 (𝑖 = {3,… ,8}) = {
1 if product 𝑝 produced using conf. 𝑣 complies to rule type 𝑖 for country 𝑛 for firm 𝑓
0 if product 𝑝 produced using conf. 𝑣 does not comply to rule type 𝑖 for country 𝑛 for firm 𝑓

 

Mathematical notation of the list rule types 

This subsection determines for product version 𝑝 manufactured by firm 𝑓 according to configuration 

𝑣 whether a product is preferential for FTA country 𝑛. The equations and models apply for all 𝑓 ∈

𝐹, 𝑝 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑, 𝑣 ∈ 𝑉𝑝 within the scope of the project. 

Import duties never have to be paid when a product is shipped within the domestic market and 

always have to be paid if it is shipped to the rest of the world. Therefore: 

𝑦𝑓𝑝𝑣𝑛 = 1 ∀𝑛 ∈ 𝑁𝑑𝑜𝑚 (7.2) 

𝑦𝑓𝑝𝑣𝑛 = 0 ∀𝑛 ∈ 𝑁𝑅𝑜𝑊 (7.3) 

A product version is preferential for an FTA country if one of the list rules that applies to the product 

is met. This leads to the following equation, which states that a product version can be shipped 

preferential if one of the list rule types that applies for the product is met. 
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𝑦𝑓𝑝𝑣𝑛  ≤  ∑𝑧𝑓𝑝𝑣𝑛𝑖

8

𝑖=1

 ∀ 𝑛 ∈ 𝑁𝐹𝑇𝐴 (7.4) 

𝑧𝑓𝑝𝑣𝑛𝑖 should always be 0 if a list rule type does not apply for product 𝑝. If a list rule type does not 

apply for the product, then Φ𝑝𝑛𝑖𝑗 = 0. To ensure that 𝑧𝑓𝑝𝑣𝑛𝑖 = 0 if Φ𝑝𝑛𝑖𝑗 = 0, the following equation 

is drafted. 𝑧𝑓𝑝𝑣𝑛𝑖 can only be positive if Φ𝑝𝑛𝑖𝑗 is also positive.  

𝑧𝑓𝑝𝑣𝑛𝑖 ≤  𝑀 ∙ Φ𝑝𝑛𝑖1 ∀𝑖 ∈ {3, . . ,8}, ∀𝑛 ∈ 𝑁𝐹𝑇𝐴 (7.5) 

List rule type 3 (𝑖 = 3) states that a product is always preferential if this list rule applies. Therefore, 

equation (7.5) is sufficient for this list rule type. 

List rule type 4 (𝑖 = 4) states that the product is only preferential if all used materials of the same HS 

heading as the produced product are preferential. This means that 𝑧𝑓𝑝𝑣𝑛4 can only be 1 if all of the 

materials of the same heading are preferential. In other words, 𝑧𝑓𝑝𝑣𝑛4 can only be 1 if none of the 

materials are both of the same HS heading (𝛼𝑝𝑚𝑖1) and not preferential (1 − 𝑦𝑚𝑛). This leads to the 

following equation. 

𝑧𝑓𝑝𝑣𝑛𝑖 ∙ ∑ 𝛼𝑝𝑚𝑖1 ∙ (1 − 𝑦𝑓𝑚𝑛)

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

≤ 0  𝑖 = 4, ∀𝑛 ∈ 𝑁𝐹𝑇𝐴 (7.6) 

For list rules types 𝑖 ∈ {5,… ,8} it is allowed to use not preferential material versions in production, 

as long as the combined material costs (price per unit multiplied by the required quantity for the 

configuration) of not preferential materials (1 − 𝑦𝑓𝑚𝑛) that meet specific criteria (𝛼𝑝𝑚𝑖𝑗) do not 

exceed the value of a (by the FTA agreement) determined percentage (Φ𝑝𝑛𝑖𝑗) of the total ex-works 

price. The ex-works price exists of the configuration material costs (excluding duty drawback), plus 

the fixed and variable conversion costs.  

For rule type 𝑖 = 8, both rule components 𝑗 = 1 and 𝑗 = 2 have to be met, possibly with different 

NRVC threshold percentages (Φ𝑝𝑛𝑖𝑗) and criteria (𝛼𝑝𝑚𝑖𝑗). This leads to the following equations. 

𝑧𝑓𝑝𝑣𝑛𝑖 ∙ ∑ [𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛 ∙ 𝐶𝑓𝑚

𝑚𝑎𝑡 ∙ 𝛼𝑝𝑚𝑖1 ∙ (1 − 𝑦𝑓𝑚𝑛)]

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

≤ 𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 ∙ Φ𝑝𝑛𝑖1 ∀𝑖 ∈  {5,… ,8}, ∀𝑛 ∈  𝑁𝐹𝑇𝐴 (7.7) 

𝑧𝑓𝑝𝑣𝑛𝑖 ∙ ∑ [𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛 ∙ 𝐶𝑓𝑚

𝑚𝑎𝑡 ∙ 𝛼𝑝𝑚𝑖2 ∙ (1 − 𝑦𝑓𝑚𝑛)]

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

≤ 𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 ∙ Φ𝑝𝑛𝑖2 𝑖 =  8, ∀ 𝑛 ∈  𝑁𝐹𝑇𝐴 (7.8) 

Combining the previous equations leads to the Integer Linear Program 1 (ILP1). This program applies 

to each firm in the domestic market, each product version with a HS heading within the scope, each 

configuration and each FTA country (∀𝑓 ∈ 𝐹𝑑𝑜𝑚, ∀ 𝑝 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑,𝑣 ∈ 𝑉𝑝, 𝑛 ∈ 𝑁

𝐹𝑇𝐴). Example 5.2 of 

appendix section I.1 shows how it is determined whether the product of example 5 has a preferential 

origin for the relevant FTA countries.  
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Integer Linear program 1: For a 𝑓 ∈ 𝐹𝑑𝑜𝑚,∀ 𝑝 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑,𝑣 ∈ 𝑉𝑝, 𝑛 ∈  𝑁

𝐹𝑇𝐴 

𝑀𝑎𝑥 𝑦𝑓𝑝𝑣𝑛  (7.9) 

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

(7.4)− (7.8)   

𝑦𝑓𝑝𝑣𝑛  ∈ { 0,1}  (7.10) 

𝑧𝑓𝑝𝑣𝑛𝑖  ∈ { 0,1} ∀𝑖 ∈ {3,… ,8} (7.11) 

Duty costs and IPR 

The amount of the duty costs differs from country to country and product type to product type. For 

the EU’s FTA countries, these costs are commonly a percentage of the CIF price of a product but are 

sometimes a percentage of the FOB price or based on the volume or weight of the product. The tariff 

is determined per 10 digit HS code. However, it should be noted that a product type can have a 

different HS code in different countries. In this case, the HS code of the importing country is leading. 

These differences in HS code are quite subtle and will seldom change the HS heading.  

The CIF and FOB price for a product can differ between shipments, and therefore the amount of 

duties that have to be paid for a product version can differ between shipments.  

The total size of the duties that have to be paid over one unit of product 𝑝 made using configuration 

𝑣 at company 𝑓 when shipped in shipment 𝑠 with destination country 𝑛 is defined as 𝐶𝑓𝑝𝑣𝑛𝑠
𝑑𝑢𝑡𝑦

.  

𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 

𝐶𝑓𝑝𝑛𝑠
𝑑𝑢𝑡𝑦 = Total duty costs of shipping per unit of product version 𝑝 to country 𝑛 for firm 𝑓 in shipement 𝑠 

This tariff only has to be paid when a product version is not preferential (𝑦𝑓𝑝𝑣𝑛 = 0). Therefore, the 

duty costs of exporting one unit of product version 𝑝 manufactured using configuration 𝑣, exported 

in shipment 𝑠 to country 𝑛 can be defined as: 

𝐶𝑓𝑝𝑣𝑛𝑠
𝑑𝑢𝑡𝑦

∶= 𝑇𝑝𝑛𝑠  ∙ (1 − 𝑦𝑓𝑝𝑣𝑛)  ∀𝑓 ∈ 𝐹, ∀𝑝 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑

, ∀𝑣 ∈ 𝑉𝑝, ∀𝑛 ∈  𝑁 (7.12) 

The customs authorities can give permission for Inward Processing Relief (IPR) for a material type. 

This means that duties to import the material into the EU do not have to be paid if the product that 

is made from the material is exported not preferentially. Whether firm 𝑓 has this permission for 

material version 𝑚 is notated by 𝜔𝑓𝑚, where 𝜔𝑓𝑚= 1 if the firm has permission.  

The amount of duties that has to be paid over one unit of material version 𝑚 if there is no IPR is 

defined as 𝑇𝑚𝑛0. If no duties have been paid over 𝑚, because it was not imported or it was imported 

preferentially, then 𝑇𝑚𝑛0 = 0. 

𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑝𝑜𝑡

 is the potential IPR savings (as explained in subsection 7.3.4) for product version 𝑝 made by 

configuration 𝑣 at firm 𝑓 when shipped to country 𝑛. 𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑙𝑜𝑠𝑡 are the lost IPR savings (as explained in 

section 7.3.4) for product version 𝑝 made by configuration 𝑣 at firm 𝑓 when shipped to country 𝑛. 
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𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 

𝑇𝑚𝑛0 = Tariff that is paid over one unit of material version 𝑚 when imported to country 𝑛0 (domestic market) 

𝜔𝑓𝑚 = {
1 if material version 𝑚 qualifies for duty drawback for firm 𝑓 
0 if material version 𝑚 does NOT qualify for duty drawback for firm 𝑓

 

𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑝𝑜𝑡  = Potential IPR savings of shipping one unit of product version 𝑝 made using conf. 𝑣 to country 𝑛 for firm 𝑓 

𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑙𝑜𝑠𝑡  = Missed IPR savings due to shipping product vers. 𝑝 made using conf. 𝑣 preferential to country 𝑛 for firm 𝑓 

Equation (7.13) shows the potential IPR savings of exporting one unit of product version 𝑝 

manufactured from configuration 𝑣, exported to country 𝑛. Shipping products within the domestic 

market will not lead to any IPR savings, as explained in equation (7.14). The lost IPR savings, are the 

IPR savings that are ‘lost’ due to a preferential shipment of product version 𝑝, for which no duties 

can be returned.  This is captured in equation (7.15). Since there are no preferential shipments to 

the RoW and no IPR savings in the domestic market, 𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑙𝑜𝑠𝑡 = 0 for all 𝑛 ∈   𝑁𝐷𝑜𝑚∪𝑁𝑅𝑜𝑊, see 

equation (7.16). Example 5.3 of appendix section I.1 shows how the duty costs and potential and lost 

IPR savings can be calculated for example 5. 

𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑝𝑜𝑡

≔ ∑ 𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓𝑚

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

 ∀𝑓 ∈ 𝐹, ∀𝑝 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑

, ∀𝑣 ∈ 𝑉𝑝, ∀𝑛 ∈  𝑁𝐹𝑇𝐴 ∪𝑁𝑅𝑜𝑊 (7.13) 

𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑝𝑜𝑡 = 0 ∀𝑓 ∈ 𝐹, ∀𝑝 ∈ 𝐺𝑓

𝑝𝑟𝑜𝑑, ∀𝑣 ∈ 𝑉𝑝, ∀𝑛 ∈  𝑁𝑑𝑜𝑚 (7.14) 

𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑙𝑜𝑠𝑡 ≔ ∑ 𝑞𝑓𝑝𝑣𝑚

𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓𝑚
𝑚𝜖 𝐺𝑣

𝑟𝑒𝑞

∙ 𝑦𝑓𝑝𝑣𝑛 ∀𝑓 ∈ 𝐹, ∀𝑝 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑

, ∀𝑣 ∈ 𝑉𝑝, ∀𝑛 ∈   𝑁𝐹𝑇𝐴 (7.15) 

𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑙𝑜𝑠𝑡 = 0 ∀𝑓 ∈ 𝐹, ∀𝑝 ∈ 𝐺𝑓

𝑝𝑟𝑜𝑑, ∀𝑣 ∈ 𝑉𝑝, ∀𝑛 ∈   𝑁𝑑𝑜𝑚∪𝑁𝑅𝑜𝑊 (7.16) 

7.7 Cost minimization – Addressing RQ 1 
The aim for Dow is to be able to decide which configuration 𝑣 to use for the production of product 

version 𝑝 to minimize the costs until the product reaches the customers country. To calculate this, a 

mixed integer linear program is drafted in this section. 

The total costs exist of the configuration manufacturing costs, import duty costs over the product, 

net IPR savings and transportation costs. Theoretically, it would be possible to make a list of the total 

costs for all configurations and find the configuration with the lowest costs. However, the number of 

configurations increases drastically with an increasing number of material types and material 

versions per type. Therefore, it is decided to use an MILP to solve the problem.  

𝑥𝑓𝑝𝑣 is the variable that defines whether configuration 𝑣 is used for the production of product version 

𝑝 at firm 𝑓. 𝑥𝑓𝑝𝑣 = 1 if configuration 𝑣 leads to the lowest total costs. 𝐶𝑓𝑝
𝑚𝑎𝑛,𝐶𝑓𝑝𝑛𝑠

𝑑𝑢𝑡𝑦
, 𝐼𝑃𝑅𝑓𝑝𝑛

𝑝𝑜𝑡
 and 𝐼𝑃𝑅𝑓𝑝𝑛

𝑙𝑜𝑠𝑡 

are the associated configuration manufacturing costs, duty costs, potential IPR savings and lost IPR 

savings, respectively, for one unit of product 𝑝. 

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠   

𝑥𝑓𝑝𝑣 = {
1 if configuration 𝑣 is selected as costs minimizing configuration for product version 𝑝 at firm 𝑓
0 if configuration 𝑣 is not selected as costs minimizing configuration for product version 𝑝 at firm 𝑓

 

𝐶𝑓𝑝
𝑚𝑎𝑛 = Configuration manufacturing costs of the selected configuration per unit of product version  𝑝 at firm f 

𝐶𝑓𝑝𝑛𝑠
𝑑𝑢𝑡𝑦 = Total duty costs of shipping per unit of product version 𝑝 to country 𝑛 for firm 𝑓 in shipement 𝑠 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑝𝑜𝑡 = Potential IPR savings of shipping one unit of product version 𝑝 to country 𝑛 for firm 𝑓  

𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡 = Missed IPR savings due to shipping product version 𝑝 preferential to country  𝑛 for firm 𝑓 
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Mixed Integer Linear Program 2 (MILP2) has as objective function (equation (7.17)) to minimize the 

costs for all shipments 𝑠 going to each country 𝑛, with 𝑛 ∈ 𝑁 and 𝑠 ∈ 𝑆𝑝𝑛. The costs of a shipment 𝑠 

to country 𝑛 consist of five parts: the manufacturing costs, potential IPR savings, duty costs, lost IPR 

savings and transportation costs. The manufacturing costs, potential IPR savings, duty costs and lost 

IPR savings are calculated per unit and are therefore multiplied with the quantity of the shipment. 

𝑥𝑓𝑝𝑣 is a binary variable (equation (7.25)) and is 1 if configuration 𝑣 it is used, and 0 if the 

configuration is not used. It is only possible to use exactly 1 configuration, which is captured in 

equation (7.18). Equation (7.19) determines the manufacturing costs that are applied, based on the 

selected configuration equation (7.20) the potential Inward Processing Relief savings, equation 

(7.21) calculates the duty costs and equation (7.22) calculates the lost IPR savings of the selected 

configuration. There are no potential IPR savings in the domestic market, see equation (7.23) and 

no lost IPR savings in the domestic market and the RoW, see equation (7.24). These costs are non-

negative, which is ensured by equation (7.27). 

Mixed Integer Linear program 2: For a 𝑓 ∈ 𝐹, 𝑝 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑 

min∑ ∑ (𝑞𝑝𝑠  ∙ [𝐶𝑓𝑝
𝑚𝑎𝑛− 𝐼𝑃𝑅𝑓𝑝𝑛

𝑝𝑜𝑡
+𝐶𝑓𝑝𝑛𝑠

𝑑𝑢𝑡𝑦
+ 𝐼𝑃𝑅𝑓𝑝𝑛

𝑙𝑜𝑠𝑡] + 𝐶𝑝𝑠
𝑡 ) 

𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁

 (7.17) 

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

∑ 𝑥𝑓𝑝𝑣
𝑣 ∈𝑉𝑝

= 1  (7.18) 

𝐶𝑓𝑝
𝑚𝑎𝑛 ≥ ∑ 𝑥𝑓𝑝𝑣 ∙ 𝐶𝑓𝑝𝑣

𝑚𝑎𝑛

𝑣∈𝑉𝑝

  (7.19) 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑝𝑜𝑡

≤ ∑ 𝑥𝑓𝑝𝑣 ∙ [ ∑ 𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓𝑚

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

]

𝑣∈𝑉𝑝

 ∀ 𝑛 ∈ 𝑁𝐹𝑇𝐴∪𝑁𝑅𝑜𝑊 (7.20) 

𝐶𝑓𝑝𝑛𝑠
𝑑𝑢𝑡𝑦

≥ ∑ 𝑥𝑓𝑝𝑣 ∙ 𝑇𝑝𝑛𝑠 ∙ (1 − 𝑦𝑓𝑝𝑣𝑛)

𝑣∈𝑉𝑝

 ∀ 𝑛 ∈  𝑁 (7.21) 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡 ≥ ∑ 𝑥𝑓𝑝𝑣 ∙ [ ∑ 𝑞𝑓𝑝𝑣𝑚

𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓𝑚 ∙ 𝑦𝑓𝑝𝑣𝑛
𝑚𝜖 𝐺𝑣

𝑟𝑒𝑞

]

𝑣∈𝑉𝑝

 ∀ 𝑛 ∈  𝑁𝐹𝑇𝐴 (7.22) 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑝𝑜𝑡

= 0 ∀ 𝑛 ∈ 𝑁𝐷𝑜𝑚 (7.23) 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡 = 0 ∀ 𝑛 ∈ 𝑁𝐷𝑜𝑚 ∪𝑁𝑅𝑜𝑊 (7.24) 

𝑥𝑓𝑝𝑣  ∈ {0,1} ∀ 𝑣 ∈ 𝑉𝑝 (7.25) 

𝐶𝑓𝑝
𝑚𝑎𝑛 ≥ 0  (7.26) 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑝𝑜𝑡 ≥ 0,  𝐶𝑓𝑝𝑛

𝑑𝑢𝑡𝑦 ≥ 0, 𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡 ≥ 0 ∀ 𝑛 ∈  𝑁 (7.27) 

Example 5.4 of appendix section I.1 shows how the costs minimizing configuration and associated 

costs can be calculated for example 5 using MILP 2. 
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7.8 Algorithm 
Solving MILP problems can be tough, since in many cases MILP problems are non-deterministic 

polynomial-time-complete (NP-complete). Without going into details, this means that these 

problems have the characteristic that there is no fast solution known to solve the problem and the 

solving time of the currently known algorithms increases very quickly as the complexity of the 

problem increases. However, by knowing how the model behaves, the optimal solution can be found 

in a faster way. To find the optimal solution quicker, an algorithm is drafted in this section.  

The difference in total costs between two configurations is the difference in the costs independent 

of preferential origin (manufacturing costs and potential IPR savings) versus the difference in costs 

dependent on preferential origin (duty costs and lost IPR savings). A configuration that has higher 

costs independent of preferential origin, might in total be cheaper than another configuration due 

to lower preferential origin dependent costs. The drafted algorithm is based on this trade-off. 

The algorithm will first calculate the costs of each configuration that are independent of the 

preferential origin of the product version. Next, all configurations are sorted on the basis of these 

costs from low to high. Starting with the configuration with the lowest costs that are independent of 

the preferential origin, the algorithm will start calculating the preferential origin dependent costs. 

These costs are added to the preferential origin independent costs to obtain the total costs. The 

model will compare these total costs to the so far lowest total costs. The algorithm will stop 

calculating when the preferential origin independent costs of the configuration are higher than the 

so far lowest found total costs. The full algorithm can be found in Appendix J. 

The benefits of using this algorithm over full enumeration is greatly dependent on the characteristics 

of the analyzed case.  For example, in case the preferential origin dependent costs of the 

configurations are high compared to the difference in preferential origin independent costs, then the 

algorithm is of limited use. However, in most other cases, the algorithm can lower the calculation 

time significantly, while still finding the optimal configuration. 

Example 5.5 of appendix section I.1 shows how the costs minimizing configuration and associated 

costs can be calculated for example 5 using Algorithm 1. 

7.9 Implementation of the algorithm – Description of the tool 
Algorithm 1 is transformed into a tool which can be used by Dow to determine which configuration 

has the lowest associated costs. The current section describes how the required parameters are 

gathered, how this tool deviates from the algorithm previously described in this thesis, how the tool 

deviates from the way the preference is currently determined at Dow, the additional value of the tool 

for Dow and the tool’s most important limitations. Appendix K provides screenshots on each screen 

of the tool and elaborates on them. 

7.9.1 Data preparation 
The data required for the model should be gathered from the different information systems Dow has 

and should be prepared to meet the required format. The data that is used can either be supplied by 

the user or based on data that is supplied by Dow’s ERP system and other reporting systems.  

The tool has some important requirements. For example, it is important that the tool can be used 

without much effort of the user. Therefore, the tool is designed to require only user input for those 

aspects that are not stored somewhere in the company’s ERP system and other reporting systems. 

Moreover, to increase its analysis capabilities, the tool is designed in a way that it allows adjustments 

to all input parameters. It is even possible to analyze hypothetical cases with non-existing materials. 

This enables more types of analysis, including simulating decision making processes of customers or 

analyzing what effects future changes, such as changes in prices or sales, have on the cost minimizing 

configuration and associated costs. Furthermore, in addition to using the algorithm, the tool can also 
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calculate and report the costs for all configurations, allowing the user to get more insight into the 

effects of its decisions. The extra runtime that is required to do this is negligible compared to time 

required to gather and prepare the data. 

This section presents how the tool collects the required data. First, the parameters that are based on 

shipments and savings are introduced, followed by the parameters associated with the Bill of Material 

of a product. Next, the parameters concerning conversion costs are discussed and finally some 

additional questions are elaborated upon to classify the product and to establish whether the 

production process is a minimal operations process. 

Shipments and savings 

The first step of the tool is to collect shipment data. This data can be entered into the tool manually 

or supplied from Dow’s reporting system, based on historical data. In the latter case, the predictions 

of future shipments will be based on the historical shipments. It is possible for the user to adjust this 

prediction after the historical data is pulled from the reporting systems.  

If the user decides to use historical data to base the prediction on, the user is required to enter a 

product number, plant code and optionally a time interval. All shipments within this interval of the 

specified product version that is manufactured in the specified plant are included. If no interval is 

selected, then all shipments from January 2017 and later are included. It is also possible to only specify 

a start or end date.  

All shipments of a product from a plant are tracked, however, it often happens that a product is 

shipped between factories before being shipped to a customer. To tackle this problem, the following 

solution is proposed. Rather than taking shipments from the specified plant into consideration, the 

batch numbers of product that are produced in the specified plant are tracked. A batch number 

contains the name of the plant in which the product is manufactured. A shipment is identified and 

used if it is shipped within the specified time interval, and if the batch number contains the plant 

which is specified by the user. In addition to that, a shipment must be part of at least one of the 

following (not mutually exclusive) three types: 

1. Shipments with a batch originating in the specified plant that are shipped to customers. 

2. Shipments with a batch originating in the specified plant that are exported to outside the 

EU. 

3. Shipments with a batch originating in the specified plant that are shipped to a plant that has 

at least one configuration using the product as a material for further production. 

This method has a few downsides. The first downside is that it is still possible that produced products 

are counted double. This happens when a product is first shipped to another plant which has at least 

one configuration using the product as material (type 3), and then (without being used in 

manufacturing) the product is reshipped outside of the EU or to a customer (type 1 or 2). However, 

it is expected that this does not happen often, because there is often little storage available at a plant 

and bulk storages and warehouses often have their own plant code. Therefore, the effect of this is 

neglected in the tool. The second downside of this method is that there are plants that do not use 

the mentioned format of batch numbering. These plants are often from (recent) mergers or 

takeovers. These products cannot be analyzed using the historical data.  

The shipment data is obtained from a shipment report in Dow’s own reporting system. This report 

includes all shipments between Dow and its customers and between Dow’s administration units (set 

of plants with a similar geographic location). To find movements of goods within an administration 

unit, Dow’s ERP system is used. 
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The relevant data that is obtained for each shipment is: 

• The quantity of each shipment (in kg). 

• The destination country. 

• Invoice value, gross and net weight and volume, which can be required to calculate the size 

of import duties. 

• The HS code of the shipped product in the importing country (if known). 

To be fully and correctly able to calculate the size of the import duties, it is necessary to know the 

Free on Board (FOB) and Cost, Insurance and Freight (CIF) value of the product. However, not for 

all shipments this price is stored. It varies between shipments which incoterm is used to determine 

the invoice value. Which incoterm is used is agreed upon by Dow and its customers during the price 

negotiations. The incoterm can be FOB or CIF, but is often another incoterm. The FOB and CIF prices 

are not separately stored and cannot be easily calculated from the invoice value. The invoice value 

gives the best and easiest estimation of these values and is therefore used in the tool. 

After having obtained the relevant shipment data, the import duty tariffs for the product are searched 

all FTA countries. These are searched by means of the HS code which is linked to the specified 

product and the HS code that is specified by the user. The HS code of a good can be different in the 

importing country and in the country of production. If this is the case, this can be specified in the 

list of shipments. If the historical shipments are used, the tool specifies the HS codes of the importing 

country if they are known. The HS codes of the importing country are used to determine the tariffs. 

If the HS codes of the importing countries are unknown, the HS code of the country where the 

products are made is used. 

Only the import duties of the FTA countries are relevant for the algorithm, so only these are 

calculated. The import duty tariffs are based on the import duties stated in the market database of 

the EU1. Due to inconsistencies in the 7th to 10th number of the HS codes of a product in different 

countries, it may occur that there is no import duty specified for the given full HS code. For these 

cases an algorithm is written that matches the import duties to the HS code that has the most 

matching numbers starting from the left. If there are multiple options, then the option with the 

highest last number is chosen, since this is commonly the category ‘other’. Appendix L.9 describes 

briefly how this algorithm works using an example.  

Next, the following data is selected for each FTA country: 

• Import duty tariff of not preferential products 

• Import duty tariff of preferential products 

• Type of tariff (% of CIF, % of FOB, € per KG, etc.) 

The user is free to change the duty rates and to add or delete FTA countries. 

Next, for all shipments to FTA countries the total duties over that shipment are calculated, including 

the possible duty savings per country.  

Bill of Material 

The next step is to retrieve the bill(s) of materials (BOM(s)) of the by the user specified product. The 

BOMs can be entered by the user manually or obtained from Dow’s Bill of Materials (BOMs)  stored 

in the company’s ERP system. It is possible that there are more than one BOMs per product type.  

Since the BOM that is obtained from the ERP system also contains intermediated goods, and these 

goods should not be used in the determination of the preferential origin of goods, the tool identifies 

the lowest level materials, i.e. the materials as supplied to the plant (the grey boxes in figure 2.3).  

                                                 
1 Source: http://madb.europa.eu 
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Next, for all unique materials that are used in the preference determination, the number of suppliers 

is provided by the user. For each of these suppliers the following three data entries should be 

provided by the user: (1) the material costs per unit of measurement (kg, liter (L), etc.), (2) whether 

the material is considered to be preferential for each FTA country with possible savings and (3) 

whether duties have been paid over the materials if the material qualifies for IPR. 

For each material the following information is obtained. The user can supply all of this data or the 

data can be found in ERP systems of Dow. 

• The quality required to make one unit of the product and its unit of measurement. 

• A unique BOM id 

• A supplier number 

• Material version costs per unit of measurement (can only be supplied by user) 

• Whether a material version is preferential (can only be supplied by user) 

• Whether duties have been paid over the material if the material qualifies for IPR. 

It is assumed that all suppliers deliver the exact same material types and therefore that all material 

versions within a material type are fully interchangeable. If there are multiple BOMs, the model 

presented in this thesis would consider all supplier outcome combinations of all the BOMs as 

different configurations. However, Dow’s preferential origin determination systems work differently. 

Rather than looking for each individual batch what its preferential origin is, they determine the origin 

per product per plant. They determine for each BOM separately whether that BOM would 

manufacture a preferential product for each FTA country. A product is only preferential for an FTA 

country if it is preferential for all its BOMs. If there is at least one BOM with a not preferential origin 

for a country, then the produced product will be not preferential for that country, independent of 

which BOM is actually used.  

To deal with this, the tool can only determine the best configuration for each BOM separately. 

Therefore, the user has to select which of the BOMs should be used. This deviates from Dow’s way 

of working, but makes the tool easier to use and more transparent as to how it works. 

Conversion costs 

The conversion costs are calculated by taking the current ex-works price of the product as calculated 

by the ERP system and deducting all current material costs (also calculated by the system) from it. 

These costs can also be entered or adjusted by the user. Although the models make a distinction 

between fixed and variable conversion costs, the tool works with a total conversion cost per 

manufactured unit. Since only one BOM can be analyzed at the same time and the conversion costs 

are identical within a BOM, the conversion costs do not change between configurations.  

Minimal operations 

The algorithm is built on the setting where the production process is not a minimal operations 

process (as explained in subsection 2.2.2). In addition to the algorithm, the tool is also able to perform 

the preference determination when the product is made using a minimal operations process. 

Whether a product is made using a minimal operation process can be obtained by the tool from the 

ERP system, but can also be altered or entered by the user of the tool. In most of these cases there is 

only one material type used to create the product. If there is more than one material type used, then 

the user should select the critical component, i.e. the material type that determines the preferential 

origin of the product. 

Classifications questions and other questions 

For some HS headings, different list rules can apply, depending on the type of the product. For 

example, HS heading 3907 has different rules for “Addition homopolymerisation products in which 

a single monomer contributes more than 99% by weight to the total polymer content”, “Polyesters”, 



37 
 

“Copolymer, made from polycarbonate and acrylonitrile-butadiene-styrene copolymer (ABS)” and 

other products of that heading. Depending on the HS heading, the user should further specify its 

classification if that cannot be made from a HS code alone. Moreover, for some HS codes, the user 

must specify whether the in the FTA agreements specified workings have been performed. 

7.9.2 Deviations of the tool from the model 
The tool mainly follows the presented algorithm. However, since the algorithm is built on a model 

which is a simplification of the reality, the tool deviates slightly from the presented algorithm, in the 

following way: 

• The tool uses the algorithm with the relaxation of the full import reduction, as explained in 

appendix K. This means that it is possible that reduced import duties rather than no import 

duties have to be paid if a product is shipped preferentially. 

• The tool only takes the duty costs of shipments to FTA countries into account. It does not 

report duty costs over shipments to the RoW. This will not change the costs minimizing 

configuration since these duties are not dependent on the chosen configuration. 

• The algorithm calculates the costs for all products that are shipped to customers, while in 

practice a product is often shipped via other plants or warehouses to a customer. At Dow, 

there is no report or system that tracks shipments from the plant of production to the 

customer. To deal with this, the shipments are tracked using the batch numbers of the 

products of interest. To prevent shipments to be counted double when shipped indirectly to 

a customer, only shipments to outside the EU, shipments to customers and shipments to 

Dow plants that use the product type as a material in at least one of their products are used 

as input for the tool. This way, shipments to warehouses and plants that do not use the 

product type in production are not counted double.  

• Only one BOM is considered at the same time. This is a result of how Dow determines the 

preferential origin of products as explained in subsection 3.3.1. The tool does not determine 

the optimal configuration for several BOMs at the same time. 

• The tool also works for manufacturing processes that are minimal operations.  

7.9.3 Deviations of the tool from Dow’s processes 
The tool also deviates in some parts from Dow’s processes. This deviation is required because the 

reality is too complicated or outside of the scope of this thesis. The tool deviates from Dow’s 

processes in the following ways: 

• If there are multiple BOMs, the model presented in this thesis will consider all supplier 

outcome combinations of all the BOMs as different configurations. However, Dow’s 

preference determination system works differently. For a product to be preferential, all 

BOMs should result in a preferential good. If there are one or more BOMs with a not 

preferential origin for a country, then the produced product will be considered not 

preferential for that country by Dow, independent of which BOM is actually used for 

production.  

• It is assumed that all administration that is required for products to be preferential is done 

correctly and completely. All materials that are preferential have the proper declarations of 

preferential origin. Unfortunately, in reality this is not always the case.  

• Only the FTA countries that are included in the scope of this thesis (Appendix Table E.1) are 

included in the scope of the tool. Other FTA countries (Appendix Table E.2) are outside of 

the scope of the tool. 

Furthermore, the tool and models base their calculations on predictions, of shipments and prices. 

In some parts of the chemical industry, the prices fluctuate so much that it is impossible to use 

predictions or that the results obtained from the models and tool only are valid for a short 

amount of time. 
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7.10 Benefits and limitations 

Benefits of (M)ILPs 

The models, algorithm and tool presented in this chapter help Dow to understand how its purchase 

decisions have impact on its total costs in the described setting. Together they form a toolbox which 

can be used for analysis with various purposes in the field of preferential origin of a product and its 

related costs. This section describes the benefits and limitations of each of the models and the tool 

individually. 

ILP 1 enables the user to investigate whether the to be produced product would have a preferential 

origin for the research country if it is manufactured using a certain configuration. Prior the existence 

of this MILP, Dow was dependent on the ERP system which could only determine the preferential 

origin after a product was manufactured, or on manual calculations, which are time consuming, error 

prone and required in-depth knowledge on every FTA agreement. The presented MILP can be used 

to predict and compare the effects of changes or choices on the preferential origin for a large number 

of products in a structural and reliable way. Moreover, the MILP is a clear summary of which rules 

apply for the different product, showing that the rules are not as complex as often presumed. This 

way, the MILP can help the customs team of Dow to communicate with business units that do not 

have much in-depth knowledge on the topic of preferential origin of goods.  

MILP 2 and Algorithm 1 allow the user to view, without much effort, which configuration leads to 

the lowest costs for the described setting. This setting applies when the product is not further 

manufactured by the customer or is mostly exported outside of the domestic market. This can be 

used for several purposes, the most obvious being the selection of vendors in the purchase process. 

The effects of choosing a vendor combination can be analyzed and compared to other vendor 

combinations. Although the model is a deterministic model, it can also be used to explore what 

effects uncertainties in material price, conversion costs and sales have on the total costs and on what 

will be the costs minimizing configuration. Furthermore, the model is not company specific, which 

means that it can also be used to predict the effects of Dow’s customers given Dow’s product.  

Limitations of (M)ILPs 

Although the model has a lot of benefits for the described setting, other settings are prevalent. 

Especially the setting where the EU customers further manufacture Dow’s product is a setting that is 

not dealt with. Dow’s customers might prefer to buy preferential materials over not preferential 

materials. Therefore, Dow might have an additional benefit when a producing product with a 

preferential origin, which is not captured in this model. The next research question (chapter 8) will 

investigate this additional benefit.  

Another limitation is that the described models assume that all material versions are bought 

independently of the material versions of other products. However, in practice, especially in the 

chemical industry it is not uncommon to buy materials in bulk form and store them in one big 

container. This would mean that only one vendor can be selected or if multiple vendors are selected, 

that material will not have a preferential origin if one of the material versions misses the preferential 

origin. A solution for this would be accounting segregation. However, this requires permission from 

the customs authorities and is very uncommon. This limitation is dealt with in chapter 9. 

Finally, the models only make considerations based on costs. In practice there are more 

considerations that are not captured by this model, such as risks, safety, compatibility and reliability 

of suppliers.   

Benefits and limitations of the tool 

The tool that has been created for Dow, can be used as a first step for analysis for various purposes 

where the costs associated with the preferential origin of products is relevant. Without much time, 
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the tool can provide insight for the user on how much a product is shipped, how much duty savings 

can be obtained and what purchase decisions have impact on the preferential origin of a product. A 

deeper analysis can be performed based on the results from this tool. For example, a few purchase 

decisions options can be further investigated concerning other, not costs related advantages. The 

tool can be used for the same analysis as the in this section presented MILPs and algorithm but allows 

to analyze some additional settings such as when the product is manufactured using a minimal 

operations process. Moreover, the tool forces the user to go through all important aspects for 

determining the preferential origin, possibly giving the user valuable insights along the way.  

Moreover, the MILPs, algorithm and tool can help in the communication between Dow’s customs 

team and other departments of Dow. The MILPs, algorithm and tool can be used to explain in a clear 

manner how the preferential origin of goods can benefit Dow and how the decisions of the different 

departments influence the origin of a product. 

In addition to the limitations of the models and algorithm, the tool requires quite a lot of 

computational time to gather and prepare the data and requires a lot of user input. Unfortunately, 

this makes it quite hard to do analyses for large number of products. However, if a large number of 

products have to be analyzed in the same way, it is possible for the user to write an additional script 

that controls the tool. The user can than run that script while the user is absent. 

7.11 Key takeaways chapter 7 
Whether a produced product is preferential is determined by ILP 1, which states that a product is 

preferential if it meets one of the 8 rule types (which applies to the product). However, whether the 

first two list rule types are met, cannot be determined by the ILP and is user input. 

The total costs of a configuration consist of manufacturing costs (consisting of material, fixed 

conversion and variable conversion costs), duty costs, IPR savings and transportation costs. MILP 2 

or Algorithm 1 can be used to determine the cost minimizing configuration and its associated costs. 

If the product is preferential, the duty costs decrease and the IPR savings would slightly increase, 

although this increase would be less than the decrease in duty costs. The MILP and Algorithm studies 

the tradeoff between the lower duty related costs of preferential products versus potentially higher 

material costs of not preferential materials. 

Based on this algorithm a tool was created for Dow, which could be used to investigate the costs 

associated with all possible configurations and to identify the configuration that lead to the lowest 

costs. This tool could analyze both existing as well as hypothetical cases.  
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CHAPTER 8. RESEARCH QUESTION 2   
In this chapter, the second research question will be answered. In the setting of this research 

question, all products of Dow are assumed to be shipped to customers in the EU. These customers 

use Dow’s product as a material in their production. The product manufactured by the customers is 

shipped to tier 2 customers in the EU, FTA countries and the RoW. This is illustrated in figure 5.2. 

Dow’s customers can profit from import duty reduction if they ship their product to FTA countries, 

if their products are preferential. Whether their product is preferential may be dependent on whether 

Dow’s product, which the customers use in production, is preferential. Therefore, for Dow it can be 

beneficial to sell preferential products to these customers, because it could make Dow’s products 

more attractive. The models in this chapter investigate and capture this additional value.  

In this chapter, the additional value of producing and shipping preferential products within the 

domestic market is approached from two perspectives; (1) by looking at the additional costs the 

company faces when losing customers to competitors in a non-cooperative way and (2) by looking at 

the total costs for Dow and its potential customers as a whole, in a cooperative way. 

Both perspectives are interesting for Dow. The non-cooperative approach represents the decision 

process for a setting where Dow and its customer have a normal supplier-buyer relationship, as 

between Dow and most of its potential customer base. The cooperative approach represents the 

decision process in a setting where Dow and its customers work together, as between Dow and some 

of its strategic customers or when one of Dow´s plant supplies another one of Dow´s plant.  

Section 8.1 describes the setting and 8.2 introduces the new notation. In section 8.3 the problem is 

solved using a non-cooperative approach and in section 8.4 the problem is solved using a cooperative 

approach. In section 8.5 the benefits and limitations of the presented models are discussed, followed 

by a more elaborate discussion on the availability of data in section 8.6.  

8.1 Setting description 
Dow’s potential customers face a very similar decision as Dow in the previous chapter, when they 

have to select their suppliers. The potential customers must select a configuration for the 

manufacturing of their products that minimizes their own costs or the supply chain costs, depending 

on which approach is considered. Based on their selected configuration, their product can be 

preferential for each FTA country. The configuration they choose can either contain Dow’s product 

version or not contain Dow’s product version. When a potential customer decides to use a 

configuration, which does not contain Dow’s product version, then Dow loses that sale. Dow will still 

face its fixed conversion costs in these cases.  

There are one or more potential customers for Dow’s product version. Each potential customer has 

at least one product that has at least one configuration containing Dow’s product version.  

Assumption 1 to 6 apply for this setting and the following 2 additional assumptions are made: 

# Assumption 

7 The sales of the products of Dow’s potential customer(s) are independent of the configuration 
used in the production of that product and configurations used in other products, opposed to 
the sales of Dow, which might be dependent on Dow’s chosen configuration. 

8 All configurations of a product that contain Dow’s product version as a material, contain the 
same amount of this material. This amount can vary between products, but not between 
configurations of one product that contains Dow’s product. 

Assumption 7 states that Dow’s potential customers’ sales are independent of their chosen 

configuration. This implies that the number of produced products of Dow’s potential customers is 

always the same. In contrast, Dow’s sales do depend on Dow’s chosen configuration. Assumption 8 
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states all configurations of a specific product that contain Dow’s product version, use the same 

amount of Dow’s product version. Combining these two assumptions results in the fact that there is 

a fixed amount of Dow’s product version that can either be sold or not sold per product of Dow’s 

(potential) customers.  

The setting can be described as a two-stage game. 

The players are all Dow’s potential customers 

(defined as 𝐹𝑝0
𝑑𝑜𝑚) and Dow (𝑓0). First, Dow decides 

which configuration Dow will use for the 

manufacturing. Based on that outcome, the 

potential customers choose their own 

configuration. The potential customers all make 

their decisions independent of each other. If a 

potential customer produced more than one 

product from Dow’s material, the decision for one 

product is assumed to be made independently 

from the other products, due to the assumption 

that there is no economy of scale. Therefore, 

buying more of Dow’s product version will not 

result in a lower purchase price. The decision is 

illustrated in figure 8.1. 

A potential customer of Dow can decide to buy or not to buy Dow’s product. This chapter will take 

as reference point that all potential customers buy Dow’s products. If a customer decides not to buy 

Dow’s product, then Dow will face additional costs. The other possible reference points and 

elaboration on this decision can be found in appendix M. 

8.2 Notation 
This chapter uses the same notation as in the previous chapter and has some additional sets, 

parameters and variables, which this section elaborated on. 

As in RQ1, 𝐹 is the set of firms. To make a clear distinction between Dow and its customers, 𝑓0  is 

reserved for Dow. The product version under inspection is called 𝑝0 and its chosen configuration is 

𝑣0. 𝑓1, 𝑝1  and 𝑣1 in this chapter are reserved for Dow’s potential customers, their product versions 

and their configurations. 𝑓, 𝑝 and 𝑣 are used for undefined companies, product versions and 

configurations. 

The set of all potential customers for product version 𝑝0 located in the domestic market is defined as 

𝐹𝑝0
𝑑𝑜𝑚. All these customers have at least one product that has at least one configuration which uses 

product version 𝑝0 in production. The set of products of customer 𝑓1 that have at least one 

configuration containing product version 𝑝0 is defined as 𝐺𝑝0𝑓1
𝑐𝑜𝑛𝑡. For Dow’s customer’s product 

version 𝑝1 the set that contains of configurations which use product version 𝑝0 is defined as 𝑉𝑝1
𝑝0(⊆

𝑉𝑝1).  

If a potential customer of Dow chooses a configuration which is not part of 𝑉𝑝1
𝑝0, the potential 

customer will not purchase Dow’s product version. 𝜓𝑓1𝑝1 is the decision of potential customer 𝑓1 to 

use a configuration which is a part of 𝑉𝑝1
𝑝0 for the production of product version 𝑝1 . In other words, 

𝜓𝑓1𝑝1 indicates whether the potential customer buys product version 𝑝0 for the production of product 

version 𝑝1. 𝜓𝑓1𝑝1 = 1 if the potential customer does choose a configuration part of 𝑉𝑝1
𝑝0 and 𝜓𝑓1𝑝1 = 0 

otherwise. 𝜓𝑣0𝑓1𝑝1 is the decision 𝜓𝑓1𝑝1 given Dow’s configuration 𝑣0. 

Figure 8.1 Game description of research question 2. f0 

refers to Dow and Fpdom to the set of Dow's potential 
customers. 
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For simplicity all shipments from Dow to its potential customers are aggregated. To this extent, 

𝐶𝑝0𝑓1𝑝1
𝑡  will be used as the total potential transportation costs of shipping Dow’s product version (𝑝0) 

to customer 𝑓1 for the use of product version 𝑝1. 𝑞𝑝0𝑓1𝑝1 is the quantity of product version 𝑝0 that is 

potentially used in the production of product version 𝑝1 at firm 𝑓1 and is equal to 𝑞𝑣1𝑚
𝑚𝑎𝑛 where 𝑚 = 𝑝0 

and 𝑣 ∈ 𝑉𝑝1
𝑝0. For shipments from Dow’s tier 1 customers to their tier 2 customers, the old notation 

(𝐶𝑝1𝑓
𝑡  and 𝑞𝑝1𝑠) is used.  

𝐼𝑛𝑑𝑖𝑐𝑒𝑠 
𝑓0 , 𝑝0 , 𝑣0 = Dow, Dow's product version, configuration of Dow's product 

𝑓1 , 𝑝1 , 𝑣1 = 
Dow's potential customer, product of Dow's potential customer, configuration 
of product of Dow’s potential customer 

𝑓, 𝑝, 𝑣 = undefined firm, product version and configuration 
   
𝑆𝑒𝑡𝑠   

𝐺𝑝0𝑓1
𝑐𝑜𝑛𝑡  = 

Set of products of company 𝑓1 which have at least one configuration containing product  
version 𝑝0. 

𝑉𝑝1
𝑝0 = Set of configurations for product 𝑝1 , that contain product version 𝑝0 as a material 

𝐹𝑝0
𝑑𝑜𝑚 = 

Set of (potential) domestic customers that might purchase product  version 
𝑝0 for further manufacturing 

 

𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 

𝜓𝑓1𝑝1 , 𝜓𝑣0𝑓1𝑝1 = {
1 if customer 𝑓1 uses 𝑝0 in the manufacturing of product 𝑝1 (given 𝑝0 is made from 𝑣0)
0 if customer 𝑓1 does not use 𝑝0 in the manufacturing of product 𝑝1 (given 𝑝0 is made from 𝑣0)

 

𝐶𝑝0𝑓1𝑝1
𝑡  = Aggregated transportation costs of product version 𝑝0 for the manufacturing of 𝑝1 at firm 𝑓1 

𝑞𝑝0𝑓1𝑝1 = Quantity of product version 𝑝0 used in production of 𝑝1at potential customer 𝑓1 

8.3 Approach 1 – Company’s point of view – non-cooperative approach 
In this first approach, the non-cooperative approach, Dow and its customers try to minimize their 

own profit, without working together. First, Dow chooses a configuration for production. Depending 

on that configuration, Dow’s product version will or will not have a preferential origin for the 

different FTA countries. The following assumption is made: 

# Assumption 

9 The sales price of Dow’s product version (𝑝0) is independent of the used configuration (𝑣0). 

This assumption makes it easier to determine whether a potential customer will buy Dow’s product 

version. If Dow changes its configuration, then the only effect for the customer is that Dow’s product 

version may have a different preferential origin for the different FTA countries. In reality sales prices 

are often based on market prices and these are not directly dependent on of the costs of a producing 

company. Therefore, this assumption is expected to have little impact on the results of the model.  

After Dow selected its configuration, each of Dow’s potential customers decide on which 

configuration to use for each of their products.  

8.3.1 Notation 
To describe the customers’ decision and Dow’s decision, new notation needs to be introduced. The 

notation introduced in chapter 7 and section 8.2 is used. In addition to this, 𝐶𝑓1𝑝0
𝑠𝑎𝑙𝑒 and 𝐶𝑓𝑝

ℎ,𝑓𝑖𝑥 are 

introduced. This leads to the following new notation: 

𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 

𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒 = Sales price of product version 𝑝0 to customer 𝑓1 

𝐶𝑓𝑝
ℎ,𝑓𝑖𝑥

 = The fixed costs for product version 𝑝 manufactured at company 𝑓, allocated over one unit 
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8.3.2 Potential customer’s decision 
Once Dow has selected a configuration, the potential customer faces a configuration selection 

decision which is exactly the same as the decision for Dow that was discussed in the previous chapter, 

when answering RQ 1. Therefore, to investigate which decision the customer will make, Algorithm 1 

can be used. Given Dow’s chosen configuration 𝑣0, 𝜓𝑣0𝑓1𝑝1 = 1 if 𝑣1 ∈ 𝑉𝑝1
𝑝0 and 𝜓𝑣0𝑓1𝑝1 = 0 otherwise. 

8.3.3 Dow’s decision 
Dow would like to identify the configuration that minimizes its costs, anticipating the decisions of 

potential customers. Equation (8.1) shows Dow’s costs if product version 𝑝0 manufactured according 

to configuration 𝑣0  is bought by customer 𝑓1 for the production of product version 𝑝1 . These costs 

are the transportation costs and manufacturing costs. The manufacturing costs consist of fixed 

conversion costs, variable conversion costs and material costs. Since the customer is located in the 

domestic market, there are no duty costs and IPR savings. 

𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑓0𝑝0𝑣0
𝑚𝑎𝑛 +𝐶𝑝0𝑓1𝑝1

𝑡  (8.1) 

When customer 𝑓1 does not use product version 𝑝0 in its manufacturing process, Dow loses its 

revenue over the sale, while still facing fixed conversion costs. The lost revenue is equal to the sales 

price paid by the customer if the customer would buy Dow’s product. Equation (8.2) shows Dow’s 

costs and missed revenue if product version 𝑝0 is not sold to customer 𝑓1 for the production of version 

𝑝1.  

𝑞𝑝0𝑓1𝑝1  ∙ (𝐶𝑓0𝑝0𝑣0
ℎ,𝑓𝑖𝑥 + 𝐶𝑝0𝑓1

𝑠𝑎𝑙𝑒) (8.2) 

The sales price of product version 𝑝0 to customer 𝑓1 is assumed to be fixed and therefore independent 

of Dow’s chosen configuration (𝑣0). Dependent on Dow’s chosen configuration (𝑣0), product version 

𝑝0 can have a preferential origin for each of the different FTA agreements. Since Dow’s customers 

may benefit from buying preferential products, their decision to buy product version 𝑝0 may be 

dependent on 𝑣0. The customer’s decision to buy or not to buy Dow’s product (𝜓𝑣0𝑓1𝑝1) can be 

predicted.  

Dow’s total costs for using configuration 𝑣0 are displayed in equations (8.3) and (8.4) (𝑛 ∈ 𝑁𝑑𝑜𝑚). 

∑ ∑ 𝜓𝑣0𝑓1𝑝1 ∙ [𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑓0𝑝0𝑣0
𝑚𝑎𝑛 +𝐶𝑝0𝑓1𝑝1

𝑡 ]

𝑝1∈𝐺𝑝0𝑓
𝑐𝑜𝑛𝑡

+ ∑ ∑ (1 −𝜓𝑣0𝑓1𝑝1) ∙ [𝑞𝑝0𝑓1𝑝1  ∙ (𝐶𝑓0𝑝0𝑣0
ℎ,𝑓𝑖𝑥 + 𝐶𝑝0𝑓1

𝑠𝑎𝑙𝑒)]

𝑝1∈𝐺𝑝0𝑓
𝑐𝑜𝑛𝑡𝑓1∈𝐹𝑝0

𝑑𝑜𝑚𝑓1∈𝐹𝑝0
𝑑𝑜𝑚

 
(8.3) 

= ∑ ∑ [𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑓0𝑝0𝑣0
ℎ,𝑓𝑖𝑥

+𝜓𝑣0𝑓1𝑝1  ∙ (𝑞𝑝0𝑓1𝑝1  ∙ [𝐶𝑓0𝑝0𝑣0
𝑚𝑎𝑛 −𝐶𝑓0𝑝0𝑣0

ℎ,𝑓𝑖𝑥 ] +𝐶𝑝0𝑓1𝑝1
𝑡 )                                          

𝑝1∈𝐺𝑝0𝑓
𝑐𝑜𝑛𝑡𝑓1∈𝐹𝑝0

𝑑𝑜𝑚

+ (1 −𝜓𝑣0𝑓1𝑝1  ) ∙ 𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒] 

(8.4) 

This leads to Mixed Integer Linear Program 3. In this program, Dow’s costs are minimized, based on 

the expected decisions of Dow’s customers. The costs are minimized by choosing a configuration 𝑣0 

for product version 𝑝0 that minimizes Dow’s costs.  
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Mixed Integer Linear Program 3: for a 𝑓0  ∈ 𝐹 and 𝑝0 ∈ 𝐺𝑓0
𝑝𝑟𝑜𝑑. 

8.3.4 Solving research question 2 using a non-cooperative approach 
This section introduces a method to solve research question 2  using a non-cooperative approach, by 

finding the optimal configuration for Dow, while anticipating the customers’ choices given Dow’s 

choices. To solve this problem, it is assumed that Dow has full data availability of its customers.  

This method works with full enumeration. Firstly, it is calculated whether product version 𝑝0 has a 

preferential origin for each FTA country for all Dow’s possible configurations. Secondly, for each 

possible configuration of Dow’s product, it is predicted whether each customer will buy Dow’s 

product version. This prediction is made by applying Algorithm 1 for the customer. Finally, MILP 3 

is used to determine the cost minimizing configuration.  

Solution scheme RQ 1 – not-cooperative approach: for a 𝑓0  ∈ 𝐹 and 𝑝0 ∈ 𝐺𝑓0
𝑝𝑟𝑜𝑑. 

# Task 

1  Determine 𝑦𝑓0𝑝0𝑣0𝑛 using ILP1 and equations (7.2) and (7.3)  ∀𝑛 ∈ 𝑁,∀𝑣0 ∈ 𝑉𝑝0  with 𝑓 ∶= 𝑓0 , 𝑝 ≔ 𝑝0 ,𝑣 ≔ 𝑣0 

2  ∀𝑓1 ∈ 𝐹𝑝0
𝑑𝑜𝑚 , ∀𝑝1 ∈ 𝐺𝑝0𝑓1

𝑐𝑜𝑛𝑡 , ∀𝑣0 ∈ 𝑉𝑝0  find 𝜓𝑣0𝑓1𝑝1 by solving Algorithm 1: 

If 𝑚 =  𝑝0  then 𝑦𝑓1𝑚𝑛:= 𝑦𝑓0𝑝0𝑣0𝑛 and 𝐶𝑓1𝑚
𝑚𝑎𝑡= 𝐶𝑝0𝑓1

𝑠𝑎𝑙𝑒.  

If 𝑣𝑈𝐵 ∈ 𝑉𝑝1
𝑝0 then 𝜓𝑣0𝑓1𝑝1 = 1, else 𝜓𝑣0𝑓1𝑝1 = 0. 

3 Determine cost minimizing configuration by solving MILP 3. 

Although the calculations required are simple, the running time of this method can grow rapidly 

when there are a lot of configurations for Dow’s product and there are a lot of potential customers. 

Two shortcuts can be taken to decrease the running time of this method. These shortcuts are 

provided in appendix N. 

To show how the methodology works, example 6 is introduced in Appendix section I.2.1. In Appendix 

section I.2.2 this example is solved using a non-cooperative approach. 

min ∑ ∑ [𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑓0𝑝0
ℎ,𝑓𝑖𝑥

+𝜓𝑓1𝑝1  ∙ (𝑞𝑝0𝑓1𝑝1  ∙ [𝐶𝑓0𝑝0
𝑚𝑎𝑛−𝐶𝑓0𝑝0

ℎ,𝑓𝑖𝑥]+ 𝐶𝑝0𝑓1𝑝1
𝑡 )                                      

𝑝1∈𝐺𝑝0𝑓1
𝑐𝑜𝑛𝑡𝑓1∈𝐹𝑝0

𝑑𝑜𝑚

+ (1 −𝜓𝑓1𝑝1 ) ∙ 𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒] 

(8.5) 

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

∑ 𝑥𝑓0𝑝0𝑣0
𝑣0  ∈𝑉𝑝0

= 1  (8.6) 

𝜓𝑓1𝑝1 ≤ ∑ 𝜓𝑣0𝑓1𝑝1 ∙ 𝑥𝑓0𝑝0𝑣0
𝑣0  ∈𝑉𝑝0

 ∀𝑓1  ∈ 𝐹𝑝0
𝑑𝑜𝑚, ∀𝑝1 ∈ 𝐺𝑝0𝑓1

𝑐𝑜𝑛𝑡 (8.7) 

𝐶𝑓0𝑝0
𝑚𝑎𝑛 ≥ ∑ 𝐶𝑓0𝑝0𝑣0

𝑚𝑎𝑛 ∙ 𝑥𝑓0𝑝0𝑣0
𝑣0∈𝑉𝑝0

  (8.8) 

𝐶𝑓0𝑝0
ℎ,𝑓𝑖𝑥 ≥ ∑ 𝐶𝑓0𝑝0𝑣0

ℎ,𝑓𝑖𝑥 ∙ 𝑥𝑓0𝑝0𝑣0
𝑣0∈𝑉𝑝0

  (8.9) 

𝑥𝑓0𝑝0𝑣0  ∈ {0,1} ∀𝑣0  ∈ 𝑉𝑝0 (8.10) 

𝜓𝑓1𝑝1 ∈ {0,1} ∀𝑓1  ∈ 𝐹𝑝0
𝑑𝑜𝑚, ∀𝑝1 ∈ 𝐺𝑝0𝑓1

𝑐𝑜𝑛𝑡 (8.11) 

𝐶𝑓0𝑝0
𝑚𝑎𝑛 ≥ 0, 𝐶𝑓0𝑝0

ℎ,𝑓𝑖𝑥 ≥ 0  (8.12) 
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8.4 Approach 2 – Additional value for Dow and its customers – Cooperative approach 
By working together, Dow and its potential customers can further reduce their costs. This approach 

has the same setting as the non-cooperative approach, but in this approach Dow and its potential 

customers work together to realize the minimal costs over both tiers, rather than to minimize their 

own costs.  In practice this happens when two companies decide to cooperate to increase combined 

profit, or when the customer of the product is another department (or plant) of the company. 

8.4.1 Notation 

For this approach two more MILPs are presented. MILP 4 uses already known notation, except for 

𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡  and 𝐶𝑓1𝑝1

𝑡𝑜𝑡 . 𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡  is the outcome of the minimization function and represents the costs of Dow 

and customer 𝑓1 combined, to produce the required quantity of product 𝑝1 and configuration 𝑣0 is 

used to manufacture 𝑝0. 𝐶𝑓1𝑝1
𝑡𝑜𝑡  which is the total costs to create the required quality of 𝑝1 at customer 

𝑓1 with the chosen configuration for product version 𝑝0. The full notation of both MILPs can be found 

in Appendix H. 

𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠  

𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡  = Total costs of product vers. 𝑝1 at customer 𝑓1 including Dow's costs, when 𝑝0  is made using 𝑣0 

𝐶𝑓1𝑝1
𝑡𝑜𝑡  = Total costs of product version 𝑝1 at customer 𝑓1  including Dow's costs 

8.4.2 Decision process 
Dow and its customers together make a decision that minimize their combined costs. First, given 

each configuration of Dow (𝑣0) the total costs allocated to the production of each customers’ 

products are calculated, using MILP 4 which is presented in this section. Then Dow’s configuration 

that leads to the lowest costs is found using MILP 5, which is also presented in this section. 

The manufacturing costs (containing material, fixed conversion and variable conversion costs) for 

Dow’s customer (𝐶𝑓1𝑝1𝑣1
𝑚𝑎𝑛 ) can be calculated using equation (7.1). In the case that 𝑝0 is used in 

configuration 𝑣1, the material costs that the two companies face over that product version 𝑝0 is 

𝐶𝑓1𝑚
𝑚𝑎𝑡 = 𝐶𝑓0𝑝0

𝑚𝑎𝑛+
𝐶𝑝0𝑓1𝑝1
𝑡

𝑞𝑝0𝑓1𝑝1
. The quantity of product version 𝑝0used in production of product version 𝑝1 

is equal to the quantity of product version 𝑝0 that is shipped to customer 𝑓1 for production in product 

𝑝1: 𝑞𝑣1𝑚
𝑚𝑎𝑛 = 𝑞𝑝0𝑓1𝑝1.  

𝐼𝑃𝑅𝑓1𝑝1𝑣1𝑛
𝑝𝑜𝑡 , 𝐶𝑓1𝑝1𝑣1𝑛

𝑑𝑢𝑡𝑦  and 𝐼𝑃𝑅𝑓1𝑝1𝑣1𝑛
𝑙𝑜𝑠𝑡  can be calculated using equations (7.13)− (7.14), (7.12) and 

(7.15)− (7.16) respectively, with 𝑦𝑓1𝑚𝑛 = 𝑦𝑓0𝑝0𝑣0𝑛. 

When considering a single customer, that decides to buy Dow’s product, the total costs of Dow and 

its customer are calculated in equation (8.13). These costs are dependent on 𝑣0. 

∑ ∑ (𝑞𝑝𝑠  ∙ [𝐶𝑓1𝑝1𝑣1
𝑚𝑎𝑛 − 𝐼𝑃𝑅𝑓1𝑝1𝑣1𝑛

𝑝𝑜𝑡 +𝐶𝑓1𝑝1𝑣1𝑛
𝑑𝑢𝑡𝑦 + 𝐼𝑃𝑅𝑓1𝑝1𝑣1𝑛

𝑙𝑜𝑠𝑡 ] + 𝐶𝑝1𝑠
𝑡 ) 

𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁

 (8.13) 

If 𝑝0 is not used in the production of 𝑝1, then Dow still faces fixed costs. These fixed costs are provided 

in equation (8.14). The customers company still faces the costs provided in equation (8.13). 

(1 −𝜓𝑓1𝑝1) ∙ 𝑞𝑝0𝑓1𝑝1  ∙  𝐶𝑓0𝑝0𝑣0
ℎ,𝑓𝑖𝑥   (8.14) 

The total costs of Dow and Dow’s customer 𝑓1 associated with product 𝑝1  can be calculated using 

Mixed Integer Linear Program 4. MILP 4 calculates the combined costs for Dow and a single customer 

𝑓1 to manufacture product 𝑝1, given that product 𝑝0 is manufactured using 𝑣0.  
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Mixed Integer Linear Program 4: for a 𝑓1 ∈ 𝐹𝑝0
𝑑𝑜𝑚, 𝑝1 ∈ 𝐺𝑝0𝑓1

𝑐𝑜𝑛𝑡 and 𝑣0  ∈ 𝑉𝑝0 

min𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡 ≔∑ ∑ (𝑞𝑝1𝑠  ∙ [𝐶𝑓1𝑝1

𝑚𝑎𝑛− 𝐼𝑃𝑅𝑓1𝑝1𝑛
𝑝𝑜𝑡

+𝐶𝑓1𝑝1𝑛𝑠
𝑑𝑢𝑡𝑦

+ 𝐼𝑃𝑅𝑓1𝑝1𝑛
𝑙𝑜𝑠𝑡 ] +𝐶𝑝1𝑠

𝑡 )                                                
𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁

+ (1 −𝜓𝑓1𝑝1) ∙ 𝑞𝑝0𝑓1𝑝1  ∙  𝐶𝑓0𝑝0𝑣0
ℎ,𝑓𝑖𝑥

  

(8.15) 

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

∑ 𝑥𝑓1𝑝1𝑣1
𝑣1  ∈𝑉𝑝1

= 1  (8.16) 

𝜓𝑓1𝑝1 = ∑ 𝑥𝑓1𝑝1𝑣1
𝑣1∈𝑉𝑝1

𝑝0

  (8.17) 

𝐶𝑓1𝑝1
𝑚𝑎𝑛 ≥ ∑ 𝑥𝑓1𝑝1𝑣1 ∙ 𝐶𝑓1𝑝1𝑣1

𝑚𝑎𝑛

𝑣1∈𝑉𝑝1

  (8.18) 

𝐼𝑃𝑅𝑓1𝑝1𝑛
𝑝𝑜𝑡

≥ ∑ 𝑥𝑓1𝑝1𝑣1 ∙ [ ∑ 𝑞𝑓1𝑝1𝑣1𝑚
𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓1𝑚

𝑚𝜖 𝐺𝑣1
𝑟𝑒𝑞

]
𝑣1∈𝑉𝑝1

 ∀ 𝑛 ∈ 𝑁𝐹𝑇𝐴∪𝑁𝑅𝑜𝑊 (8.19) 

𝐶𝑓1𝑝1𝑛𝑠
𝑑𝑢𝑡𝑦 ≤ ∑ 𝑥𝑓1𝑝1𝑣1 ∙ 𝑇𝑝1𝑛𝑠 ∙ (1− 𝑦𝑓1𝑝1𝑣1𝑛)

𝑣1∈𝑉𝑝1

 ∀ 𝑛 ∈  𝑁,∀𝑠 ∈ 𝑆𝑓1𝑝1𝑛 (8.20) 

𝐼𝑃𝑅𝑓1𝑝1𝑛
𝑙𝑜𝑠𝑡 ≤ ∑ 𝑥𝑓1𝑝1𝑣1 ∙ [ ∑ 𝑞𝑓1𝑝1𝑣1𝑚

𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓1𝑚 ∙ 𝑦𝑓1𝑝1𝑣1𝑛
𝑚𝜖 𝐺𝑣1

𝑟𝑒𝑞

]
𝑣1∈𝑉𝑝1

 ∀ 𝑛 ∈  𝑁𝐹𝑇𝐴 (8.21) 

𝐼𝑃𝑅𝑓1𝑝1𝑛
𝑝𝑜𝑡 = 0 ∀ 𝑛 ∈ 𝑁𝐷𝑜𝑚 (8.22) 

𝐼𝑃𝑅𝑓1𝑝1𝑛
𝑙𝑜𝑠𝑡 = 0 ∀ 𝑛 ∈ 𝑁𝐷𝑜𝑚 ∪𝑁𝑅𝑜𝑊 (8.23) 

𝑥𝑓1𝑝1𝑣1  ∈ {0,1} ∀ 𝑣1  ∈ 𝑉𝑝1 (8.24) 

𝜓𝑓1𝑝1 ∈ {0,1}  (8.25) 

𝐶𝑓1𝑝1
𝑚𝑎𝑛 ≥ 0  (8.26) 

𝐼𝑃𝑅𝑓1𝑝1𝑛
𝑝𝑜𝑡 ≥ 0, 𝐼𝑃𝑅𝑓1𝑝1𝑛

𝑙𝑜𝑠𝑡 ≥ 0 ∀ 𝑛 ∈  𝑁 (8.27) 

 𝐶𝑓1𝑝1𝑛𝑠
𝑑𝑢𝑡𝑦

≥ 0 ∀ 𝑛 ∈  𝑁,∀𝑠 ∈ 𝑆𝑓1𝑝1𝑛 (8.28) 

Once these total costs for all potential customers, their products and configurations of product 𝑝0, 

are known, the total costs can be minimized using Mixed Integer Linear Program 5, by identifying 

the costs minimizing configuration.  
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Mixed Integer Linear Program 5: for a 𝑓0 ∈ 𝐹 and 𝑝0 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑 

8.4.3 Solving problem with the cooperative approach 
This section provides a method of full enumeration to solve the problem presented in research 

question two using a cooperative approach. First the preferential origin for each FTA country of each 

configuration of product 𝑝0 is determined. Next, the total supply chain costs are calculated for 

combination of Dow’s customers 𝑓1, their products 𝑝1 and Dows configuration 𝑣0. This is done in 

three steps. First for a customer 𝑓1 product 𝑝1 and configuration (of product 𝑝0) 𝑣0 the preferential 

origin of all configurations of product 𝑝1 are determined. Second, for each of the configurations of 

𝑝1, the resulting manufacturing costs are calculated. Third, the minimal total costs of that customer 

𝑓1, product 𝑝1  and configuration 𝑣0 are calculated. Finally, Dow’s configuration 𝑣0 that minimizes 

the combined costs of Dow and all its potential customers is determined. In appendix section I.2.3, 

example 6 is solved using the cooperative approach. 

Solution scheme RQ 2 – Cooperative approach: for a 𝑓0  ∈ 𝐹 and 𝑝0 ∈ 𝐺𝑓0
𝑝𝑟𝑜𝑑

. 

# Task 

1  Determine 𝑦𝑓0𝑝0𝑣0𝑛 using ILP 1 with 𝑓 ∶= 𝑓0 , 𝑝 ≔ 𝑝0 ,   ∀𝑛 ∈ 𝑁
𝐹𝑇𝐴, ∀𝑣0 ∈ 𝑉𝑝0 

2  ∀𝑓1 ∈ 𝐹𝑝0
𝑑𝑜𝑚 , ∀𝑝1 ∈ 𝐺𝑝0𝑓

𝑐𝑜𝑛𝑡 , ∀𝑣0 ∈ 𝑉𝑝0 do: 

3  ∀𝑛 ∈ 𝑁𝐹𝑇𝐴, ∀𝑣1 ∈ 𝑉𝑝1 : determine 𝑦𝑓1𝑝1𝑣1𝑛 using ILP 1 with 𝑓 ∶= 𝑓1 , 𝑝 ≔ 𝑝1 ,   and if 𝑚 =  𝑝0   then 𝑦𝑓1𝑚𝑛:=

𝑦𝑓0𝑝0𝑣0𝑛 and 𝐶𝑓1𝑚
𝑚𝑎𝑡 = 𝐶𝑓0𝑝0

𝑚𝑎𝑛+
𝐶𝑝0𝑓1𝑝1
𝑡

𝑞𝑝0𝑓1𝑝1
 

4  Calculate 𝐶𝑓1𝑝1𝑣1
𝑚𝑎𝑛 , ∀𝑣1 ∈ 𝑉𝑝1 ,∀𝑛 ∈ 𝑁 using equation (7.1),  if 𝑚 =  𝑝0   then 𝐶𝑓1𝑚

𝑚𝑎𝑡 = 𝐶𝑓0𝑝0
𝑚𝑎𝑛+

𝐶𝑝0𝑓1𝑝1
𝑡

𝑞𝑝0𝑓1𝑝1
 

5  Solve MILP 4 to find 𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡  

6 End Do 

7 Find minimal costs and corresponding configuration by solving MILP 5. 

8.5 Benefits and limitations 

Benefits 
These models deal with the setting where Dow solely ships to customers within the EU and captures 

the benefits of shipping preferential products to customers within the EU. By approaching this in a 

non-cooperative way, Dow can predict what effects its purchase decisions have on its sales and costs 

associated to customers within the EU. Moreover, the model of this approach can be used to 

investigate what effect product pricing has on the customers’ choices. The cooperative approach 

deals with the setting where Dow and its customer work together to minimize supply chain costs. 

min ∑ ∑ 𝐶𝑓1𝑝1
𝑡𝑜𝑡

𝑝1∈𝐺𝑓1𝑝0
𝑐𝑜𝑛𝑠

𝑓1∈𝐹𝑝0
𝑑𝑜𝑚

 (8.29) 

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

∑ 𝑥𝑓0𝑝0𝑣0
𝑣0  ∈𝑉𝑝0

= 1  (8.30) 

𝐶𝑓1𝑝1
𝑡𝑜𝑡 ≥ ∑ [𝐶𝑓1𝑝1𝑣0

𝑡𝑜𝑡 ∙ 𝑥𝑓0𝑝0𝑣0]

𝑣0∈𝑉𝑝0

 ∀𝑓1 ∈ 𝐹𝑝0
𝑑𝑜𝑚, ∀𝑝1 ∈ 𝐺𝑓1𝑝0

𝑐𝑜𝑛𝑡 (8.31) 

𝑥𝑓0𝑝0𝑣0  ∈ {0,1} ∀𝑣0  ∈ 𝑉𝑝0 (8.32) 

𝐶𝑓1𝑝1
𝑡𝑜𝑡 ≥ 0 ∀𝑓1 ∈ 𝐹𝑝0

𝑑𝑜𝑚, ∀𝑝1 ∈ 𝐺𝑓1𝑝0
𝑐𝑜𝑛𝑡 (8.33) 
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This might happen with some of Dow’s strategic partners and when a department of Dow sells to 

another department of Dow. Therefore, this model is an addition to the model with a non-

cooperative approach. These models are a first step to deal with the limitation mentioned in chapter 

7.11, which states that the additional advantage of selling preferential products to customers within 

the EU is not captured. However, this model does not take Dow’s customers in the FTA countries 

and the RoW into account.  

Limitations  
In addition to the limitations mentioned in section 7.11, the models assume that they have perfect 

information about all customers. In some cases, there is perfect information, for example when one 

factory of Dow sells its material to another factory. However, in most cases there is insufficient 

information known. Section 8.6 elaborates further on this. Another limitation is that these models 

assume that the Tier 2 customers in the EU do not further manufacture their products. However, in 

the chemical industry it is not uncommon that the Tier 2 customers in the EU also produce products 

and have additional benefit from preferential materials. Furthermore, it is assumed that the 

configuration decision is made for each product independent. There would be settings thinkable 

where this is not the case. For example, if a customer would like to buy one material version for 

several products. Another example is if one of the customers’ products can be produced cheaper, that 

another product is produced less, due to a dependency in demand. This is not captured in the model. 

In addition, with the limitation of the previous chapter that for Dow only a costs wise consideration 

is made, the same assumption counts for Dow’s customers. In practice, other factors play a role and 

therefore the decision whether a potential customer will buy Dow’s product is not completely 

accurate.   

8.6 Availability customer data 
To be able to answer the research question using both approaches, Dow needs to know a lot of 

information on each of its potential customers. There remain opportunities to gather this customer 

data which would make it possible to calculate and predict the customer’s choice. Although it could 

have been foreseen in an earlier stage in the research that insufficient data might be available, it was 

unknown which customers’ data was required. By investigating the presented models, it is possible 

to find which data brings additional value for Dow. In this section it is investigated how beneficial it 

is for Dow to gather customer intelligence, and recommend which data brings high value and should 

therefore be stored structurally and centrally. 

The mentioned solutions of both approaches require of the customers to know whether they will 

purchase Dow’s product. This choice is dependent on the duty related costs of the customers and the 

difference in material price between configurations with Dow’s product and configurations without 

Dow’s product.  

In some cases, Dow’s account managers (contact points for the customers) have , to some extent, 

insight or knowledge about their customers’ manufacturing process or sales. For example, some 

customers share business presentations with the account managers that include figures about sales 

and revenue. Based on this information, some of the required information can be estimated.  

It is more likely that the customer data is freely shared by customers to which a cooperative setting 

applies, therefore, this section will focus on which data should be gathered from the non-cooperative 

approach. First, the setting is described and using a simple example, it is shown that there is value 

for Dow to collect the required data from customers in subsection 8.6.1. Next, more insights are given 

on the costs difference between two configurations and what determinants cause the costs difference 

in subsection 8.6.2. Using these insights, a classification matrix is made which helps Dow to 

determine which products require more customer data in subsection 8.6.3. Which data to gather 

from which customers is described in chapter 8.6.4. 
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8.6.1 The value of additional data 
This section proves using an example that there is value for Dow to collect some data of the 

customers. First the current situation is described, followed by the introduction of a stochastic 

model. This model is then used in a stylized example to show that there is value in gathering 

information from customers. 

Setting description 

The same setting is considered as described in section 8.1, however, Dow does not know all 

information of its customers. This means that Dow cannot fully predict its customers’ actions. In 

game theory, this situation is called a situation with imperfect information. From Dow’s perspective, 

the game can be in different states. Here the state refers to which values the parameters of the 

customer are (squares in row 𝑓0  of figure 8.2). Dow does not know in which state Dow is, while the 

customer does know it.  In this thesis, these states are defined as events (𝑒). The sets of events for 

customer 𝑓1 and product 𝑝1 is defined as 𝐸𝑓1𝑝1. The probability of each event is defined as 𝑃𝑓1𝑝1𝑒(≔

𝑃(𝐸𝑓1𝑝1 = 𝑒)). The setting is illustrated in figure 8.2. 

 

Figure 8.2 Setting with imperfect information. Dow (f0) does not know in which state it is located 

Dow decides to use a certain configuration based on the probability distribution of the events and 

the expected actions of the customers depending on the event and Dow’s configuration choice. Based 

on this, Dow would like to make one choice for 𝑣0 that has the highest expected profit for them, 

given the multiple possible choices of Dow’s customers. In order to do this MILP 3 is adjusted to 

incorporate this change. For each possible event, task number 2 of the solution scheme of chapter 

8.3.4 can be performed. The outcome of task number 2 (𝜓𝑣0𝑓1𝑝1) will be event dependent and 

therefore defined as 𝜓𝑣0𝑓1𝑝1𝑒. Therefore, also 𝜓𝑓1𝑝1𝑒 will be transformed into 𝜓𝑓1𝑝1𝑒.  

𝐼𝑛𝑑𝑖𝑐𝑒𝑠 
𝑒 = Event, state where the game is located in. 

   
𝑆𝑒𝑡𝑠   

𝐸𝑓1𝑝1 = Set of events 𝑒 for product 𝑝1 at customer 𝑓1 

 
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 

𝜓𝑣0𝑓1𝑝1𝑒 = {
1 if customer 𝑓1 uses 𝑝0 in the manufacturing of product 𝑝1 given 𝑝0 is made using 𝑣0 in event 𝑒
0 if customer 𝑓1 does not use 𝑝0 in the manufacturing of product 𝑝1 given 𝑝0 is made using 𝑣0 in event 𝑒

 

𝑃𝑓1𝑝1𝑒 = Chance that firm 𝑓1 is in event 𝑒 for product version 𝑝1 

   

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠   

𝜓𝑓1𝑝1𝑒 = {
1 if customer 𝑓1 uses product version 𝑝0 in the manufacturing of product 𝑝1 in event 𝑒
0 if customer 𝑓1 does not use product version 𝑝0 in the manufacturing of product 𝑝1 in event 𝑒
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This leads to the Mixed Integer Linear Program 6, where the changes with MILP 3 are marked in red. 

Mixed Integer Linear Program 6: for a 𝑓0  ∈ 𝐹 and 𝑝0 ∈ 𝐺𝑓0
𝑝𝑟𝑜𝑑. 

Benefit of information 

Example 7 in appendix section I.3 proves that having more information can lead to reduced costs. 

This example considers the situation with two customers that both have 5 possible events. For one 

customer it is uncertain how its shipments are distributed and for one customer Dow does not know 

the price of its competing product. The events of the two customers are considered to be independent 

of each other.  

In the example, Dow’s expected costs in the situation where Dow does not know in which event the 

customers are, are compared to Dow’s expected costs in a situation where Dow knows of each 

customer whether they are in events 1 to 3 or in events 4 to 5. A costs difference of 0,56% was found 

between these two situations. When comparing the expected costs of the situation where Dow does 

not know in which event the customers are to the situation where Dow has full information, the costs 

reduction was 2,36%.  

The total expected costs reduction of gathering information are very case dependent. Although a 

costs reduction of 0,56% and 2,36% might seem small, on a large-scale industry such as the chemical 

industry, this could lead to large savings. The remainder of this chapter will provide insights in why 

and when additional information is leading to additional value.  

8.6.2 Effect of imperfect information 

This section describes the costs difference between two configurations and the most important 

determinants for this costs difference. Insights on this costs difference can be used to investigate 

what the additional costs are of choosing a not optimal configuration due to imperfect information 

compared to the optimal configuration of a certain event. Moreover, the determinants of the 

unknown factors that have the most influence on the costs difference can be further researched. First 

the cost difference between two configurations is searched, followed by the determinants of this costs 

difference. 

Cost difference between two configurations 

Suppose the costs difference between configuration 𝑣𝑥 and 𝑣𝑦 is researched. ∆𝑣𝑥𝑣𝑦 refers to the 

difference between 𝑣𝑥 and 𝑣𝑦 of the parameter that will be placed right after ∆𝑣𝑥𝑣𝑦, where the 

parameter of 𝑣𝑦 is deducted from the parameter of 𝑣𝑥. For example, ∆𝑣𝑥𝑣𝑦𝜓𝑓1𝑝1 = 𝜓𝑓1𝑝1𝑣𝑥−𝜓𝑓1𝑝1𝑣𝑦  

and ∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0
𝑚𝑎𝑛 = 𝐶𝑓0𝑝0𝑣𝑥

𝑚𝑎𝑛 −𝐶𝑓0𝑝0𝑣𝑦
𝑚𝑎𝑛 . The costs difference between the two configurations, defined as 

∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0, is provided in equation (8.37). The derivation of this equation is provided in appendix O. 

min ∑ ∑ ∑ 𝑃𝑓1𝑝1𝑒 [𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑓0𝑝0
ℎ,𝑓𝑖𝑥

+𝜓𝑓1𝑝1𝑒  ∙ (𝑞𝑝0𝑓1𝑝1  ∙ [𝐶𝑓0𝑝0
𝑚𝑎𝑛−𝐶𝑓0𝑝0

ℎ,𝑓𝑖𝑥]+ 𝐶𝑝0𝑓1𝑝1
𝑡 )             

𝑒∈𝐸𝑓1𝑝1𝑝1∈𝐺𝑝0𝑓1
𝑐𝑜𝑛𝑠

𝑓1∈𝐹𝑝0
𝑑𝑜𝑚

+ (1 −𝜓𝑓1𝑝1𝑒 ) ∙ 𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒] 

(8.34) 

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

(8.6), (8.8)− (8.10) and (8.12)   

𝜓𝑓1𝑝1𝑒 ≤ ∑ 𝜓𝑣0𝑓1𝑝1𝑒 ∙ 𝑥𝑓0𝑝0𝑣0
𝑣0  ∈𝑉𝑝0

 ∀𝑓1  ∈ 𝐹𝑝0
𝑑𝑜𝑚, ∀𝑝1 ∈ 𝐺𝑝0𝑓1

𝑐𝑜𝑛𝑡, ∀𝑒 ∈ 𝐸𝑓1𝑝1 (8.35) 

𝜓𝑓1𝑝1𝑒 ∈ {0,1} ∀𝑓1  ∈ 𝐹𝑝0
𝑑𝑜𝑚, ∀𝑝1 ∈ 𝐺𝑝0𝑓1

𝑐𝑜𝑛𝑡, ∀𝑒 ∈ 𝐸𝑓1𝑝1 (8.36) 
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∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0 = ∑ ∑ [𝑞𝑝0𝑓1𝑝1  ∙ (∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0
ℎ,𝑓𝑖𝑥)+𝜓𝑓1𝑝1𝑣𝑦  ∙ 𝑞𝑝0𝑓1𝑝1  ∙ [∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0

𝑚𝑎𝑛−∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0
ℎ,𝑓𝑖𝑥]

𝑝1∈𝐺𝑝0𝑓1
𝑐𝑜𝑛𝑠

𝑓1∈𝐹𝑝0
𝑑𝑜𝑚

− (∆𝑣𝑥𝑣𝑦𝜓𝑓1𝑝1)(𝑞𝑝0𝑓1𝑝1  ∙ [𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒+𝐶𝑓0𝑝0𝑣𝑥

ℎ,𝑓𝑖𝑥
−𝐶𝑓0𝑝0𝑣𝑥

𝑚𝑎𝑛 ]− 𝐶𝑝0𝑓1𝑝1
𝑡  )] 

(8.37) 

Suppose configuration 𝑣𝑦 is Dow’s current configuration and Dow is investigating whether there is 

another configuration that leads to lower costs. A configuration with lower costs would lead to a 

negative ∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0. Since the current situation is known, the current decision of the customers 

(𝜓𝑓1𝑝1𝑣𝑦) is also known. ∆𝑣𝑥𝑣𝑦𝜓𝑓1𝑝1 is therefore the only variable. Based on the parameters, a shortlist 

of configurations and customers’ products’ can be made that have  the most potential to be a 

configuration that leads to lower costs. For this shortlist, it is interesting to determine whether 

∆𝑣𝑥𝑣𝑦𝜓𝑓1𝑝1 is negative, zero or positive. The determinants of ∆𝑣𝑥𝑣𝑦𝜓𝑓1𝑝1 are identified in the next 

section 

Determinants of ∆𝑣𝑥𝑣𝑦𝜓𝑓1𝑝1 

Some customers have high benefits from requiring preferential goods from Dow, while others have 

little to no benefits. It is assumed that the sales price of Dow’s product is independent of Dow’s 

chosen configuration. Therefore, if Dow changes the configuration, the customer will only notice it 

if the preferential origin of Dow’s product changes. 

First 𝜓𝑓1𝑝1𝑣𝑦 is investigated. The cheapest configuration which includes product 𝑝0 is defined as 𝑣2 

in this section (𝑣2 ∈ 𝑉𝑝1
𝑝0) and the cheapest configuration which does not include 𝑝0 is defined as 𝑣1 

(𝑣1 ∈ 𝑉𝑝1\𝑉𝑝1
𝑝0). The decision process of a customer is as follows. Given a configuration decision (𝑣𝑦) 

of Dow, the customer chooses between  𝑣2  and 𝑣1. This choice is essentially based on the tradeoff 

between manufacturing costs (plus potential IPR savings) and duty costs (plus lost IPR savings) of 

both configurations. For simplicity it is assumed that the IPR savings are neglectable, since they 

rarely occur and if they appear, they are often identical between two configurations. This is described 

in the following formula: 

𝜓𝑓1𝑝1𝑣𝑦 = 𝑥𝑓1𝑝1𝑣2

=

{
 
 

 
 1 𝑖𝑓 ∑ ∑ 𝑞𝑝𝑠 [[𝐶𝑓1𝑝1𝑣2

𝑚𝑎𝑛 +𝑇𝑝1𝑛𝑠 ∙ (1− 𝑦𝑓1𝑝1𝑣2𝑛)] − [𝐶𝑓1𝑝1𝑣1
𝑚𝑎𝑛 +𝑇𝑝1𝑛𝑠 ∙ (1− 𝑦𝑓1𝑝1𝑣1𝑛)]]

𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁

≥ 0

0 𝑖𝑓 ∑ ∑ 𝑞𝑝𝑠 [[𝐶𝑓1𝑝1𝑣2
𝑚𝑎𝑛 +𝑇𝑝1𝑛𝑠 ∙ (1− 𝑦𝑓1𝑝1𝑣2𝑛)] − [𝐶𝑓1𝑝1𝑣1

𝑚𝑎𝑛 +𝑇𝑝1𝑛𝑠 ∙ (1− 𝑦𝑓1𝑝1𝑣1𝑛)]]

𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁

< 0
 

(8.38) 

This boils down to the following tradeoff: 

∑ ∑ 𝑞𝑝𝑠
𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁

 ∙ ∆𝑣2𝑣1𝐶𝑓1𝑝1
𝑚𝑎𝑛≥

<
 ∑ ∑ 𝑞𝑝𝑠

𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁𝐹𝑇𝐴

 ∙ 𝑇𝑝1𝑛𝑠 ∙ ∆𝑣2𝑣1𝑦𝑓1𝑝1𝑛 

 

(8.39) 

In this tradeoff, 𝜓𝑓1𝑝1𝑣𝑦 = 1 if the left-hand side of the equation is greater than or equal to the right-

hand side. This means that 𝜓𝑓1𝑝1𝑣𝑦 has four determinants: 

# Determinant Description 

1 𝑇𝑝1𝑛𝑠 Duty tariff customer’s product. 

2 ∆𝑣2𝑣1𝐶𝑓1𝑝1
𝑚𝑎𝑛

 Difference in manufacturing costs. 

3 ∆𝑣2𝑣1𝑦𝑓1𝑝1𝑛 Difference in preferential origin of customer’s product. 

4 ∑ ∑ 𝑞𝑝𝑠𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁𝐹𝑇𝐴

∑ ∑ 𝑞𝑝𝑠𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁
 

Proportion of FTA shipments to total shipments. 

Table 8.1 Determinants of Dow's customer's decisions 
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When the HS code of the customer’s product is known, 𝑇𝑝1𝑛𝑠 can be found using public sources. The 

proportion of FTA shipments to total shipments determines how important the difference in 

preferential origin of the customer’s product is versus the difference in manufacturing costs.  A similar 

tradeoff exists for Dow’s other configuration. Since the sales price of Dow’s product remains the 

same, the left-hand side of equation (8.39) remains unchanged. Only a change in preferential origin 

can possibly change the state of the tradeoff. Therefore, the first step for Dow would be to investigate 

whether its configuration change affects the preferential origin of the customer’s product.  

If Dow’s product does influence the preferential origin of the customer’s product, determinants 1, 2 

and 3 become important. When the duty rate is small, when the difference in manufacturing costs is 

high or when the proportion of FTA shipments to total shipments is small, the preferential origin of 

Dow’s product does not influence the customer’s decision and therefore ∆vxvyψf1p1 = 0. 

8.6.3 Classification of customers’ products for information requirements 

Using this insight, it is possible to classify the customers’ products for each FTA country on two 

scales. The first scale is the proportion of total shipped value of the customer to FTA countries. This 

can either be (hardly) none (Category 1 product) or a substantial (Category 2 products). The second 

scale is the impact Dow’s product has on the preferential origin of the customers’ product. This can 

be (close to) no- (Category A), partial- (category B) and (almost) complete- (category C) impact. 

Complete impact means that Dow’s product forms such a big part of the final product of the customer 

that whether this product is preferential is completely based on the by Dow delivered product. An 

example is packaging foil that is made from more than 90% of plastics that are delivered by Dow. 

Partial impact means that Dow’s product does substantially influence the preferential origin of the 

produced good, but is not the only factor in determining the preference. The classification is provided 

in the following table. 

 Impact on preferential origin 

None 
Category A 

Partial 
Category B 

Complete 
Category C 

Proportion 
FTA 
shipments 

(Very) small 
Category 1 
 

No information 
required 

No information required No information 
required 

Substantial 
Category 2 

No information 
required 

Information requirements: 
• Shipments 
• Alternatives 
• Manufacturing details 

Information 
requirements: 
• Shipments 

• Alternatives 
Table 8.2 Classification of Dow's customers' products and the need for additional information 

Classifying the customers’ products for each FTA country in this matrix should be relatively easy for 

account managers to do. Moreover, it offers great insight into the value and need of additional data. 

To make this classification, the HS heading of the product, a rough estimation on the proportion of 

the products value that consists of Dow’s product, and a rough estimation of how much of the final 

product is shipped to FTA countries is needed. While the classification might differ between FTA 

countries for a similar product, the impact axis will be quite stable due to the overlap of PRoO 

between FTA agreements. 

For category 1 and A2 products, there is little additional value to maintain more customer data for 

the use of the models. For category C2 products, collecting additional customer data adds 

considerable value. For the countries in which the products are classified as C2 products, shipment 

data to FTA countries and data about the customers’ alternatives have the most value. For shipment 

data of Dow’s customer, a finer estimation of the amount of value that is exported to each of the FTA 

countries is required. Using this data, the potential duty savings can be calculated. Also, important 

to know is the material price of the direct competitors and whether these products are preferential 
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for the investigated FTAs. Using this data, the consequences of selling a preferential product to the 

customers can be estimated. This data should not be difficult to obtain for an account manager and 

should be beneficial for other processes as well. Estimations would be sufficient.  

For category B2 products, it is harder to predict the customers’ choices. The number of factors that 

influence the customer’s decision is higher and the effects of estimation are case dependent.  Due to 

the fact that the outcome of the prediction is a binary variable (to buy or not to buy a product), which 

is partially based on other binary variables (whether its product is preferential for each FTA Dow’s 

customers ship to), even small changes in one factor can result in a very different outcome. That 

makes it hard to describe which data is relevant to gather with more precision and which data is not 

relevant. 

The first thing to investigate is whether Dow’s product is a critical product for the determination of 

preferential origin of the customer’s product. This means that in the current manufacturing process, 

if Dow would change its preferential origin, the customer’s products preferential origin would change 

as well. To investigate this, insight in which products are used in production and their preferential 

origin is required. In most cases, estimations are sufficient. For these cases, B2 products that are not 

critical are classified as B2NotCritical products and as B2Critical if they are clearly critical products. 

The cases that require more detailed information are classified as B2Threshold products. 

B2NotCritical products do not require more data, while B2Critical require the same additional data 

as C2 products, next to the data required to classify it as B2Critical. 

Whether it is worthwhile to further investigate B2Threshold products on the situation. If the amount 

of product that the customer buys from Dow is very high, and the competition is high (similar 

product price and preferential) further analysis might be required. In other cases, it might be better 

to assume that Dow’s product is a critical product and treat it as B2Critical. 

For the C2, B2Critical and B2Threshold products it might also be beneficial to check what the import 

duties are for the FTA countries to which these products are often transported. In some cases, the 

import duties are zero, independent of whether a product is shipped preferential. For all other cases 

of the C2, B2Critical and B2Threshold products, subsection 8.6.4 describes which data is 

recommended to gather and store for the products. 

Customer prioritizing 

On the short term, Dow is recommended prioritize which customers should be classified first in one 

of the following two ways. Firstly, Dow could identify products which have a large opportunity to 

reduce costs using the models of this setting. The customers of these products could be investigated 

first. Alternatively, Dow could start identifying their most important customers, and start collecting 

their data first.    

8.6.4 Data collection 
This subsection elaborates on which customer’s data could be collected and how. Due to confidently, 

the current availability of the data is not presented in this subsection. 

Rough manufacturing data and manufacturing details  

The most important data to collect is data about what product the customer manufactures; being the 

HS heading of the product, from which materials it is roughly made and how large the impact of 

Dow’s product is on the preferential origin of the customer’s product. This is basic customer 

information and should be known by the account managers of Dow. If not, it can be assumed that 

most companies are willing to share this information. This information, called rough manufacturing 

data, will also be relevant and useful for other purposes than the scope of this research. This data has 

the highest priority. 
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For B2Threshold customers, it would also be useful to know the customer’s possible configurations, 

ex-works price for each of the configurations and preferential origin of each of the materials. This 

information is called manufacturing details. It is likely that this information is classified and will not 

be shared. Finding out the ex-works price and the preferential origin of the materials currently used 

in production will be prioritized. Using these two, it can be determined whether in the current 

configuration Dow’s product is a B2Critical or B2NotCritial item. This data has the lowest priority.  

Shipments 

A rough estimation of the distribution of shipments of the customer’s product could be made by 

Dow’s account manager. Most interesting to know is how much of the total shipments is going to 

which FTA country. It is likely that a customer is willing to share at least a rough distribution. This 

data has the second highest priority.  

Alternatives 

The sales price of a product of a direct competitor and whether this product has a preferential origin 

for the FTA countries where a high import duty reduction can be achieved is also very valuable 

information. However, in almost all cases this data is highly classified, and a customer will not be 

allowed to share this. The data described in this paragraph has the third highest priority. 

8.7 Short term recommendation 
For the short term, it would be recommended to start the classification of customer’s products for 

the purpose described in this chapter. Whether to start with the most important customers first or 

with customers of certain products with an opportunity is up to the company.  

Meanwhile, to estimate whether a customer benefits from a preferential origin of Dow’s product, 

Dow’s only indication is whether Dow supplied an LTSD or whether there is a clause in the contract 

about the preferential origin of Dow’s product. Having an LTSD indicates that the customer has some 

kind of benefit from the preferential origin, but it remains unknown to what extent and whether the 

customer’s alternatives are better. 

8.8 Key takeaways chapter 8 
This chapter analyzed how Dow’s purchase decisions affect the total costs, when Dow ships its 

products to customers in the EU, which use Dow’s product as material in their own production 

process. The setting is analyzed using two different approaches; a non-cooperative approach and a 

cooperative approach. In the non-cooperative approach, all customers made their own costs 

minimizing decision, which can result in a configuration that contains Dow’s product or does not 

contain Dow’s product. Based on this decision, Dow chooses a configuration that minimizes its own 

costs. In this case, not obtaining a customer leads to lost revenue while still facing fixed costs. In the 

cooperative approach Dow and it customers work together to minimize the total costs. It is assumed 

that the transfer costs are equal to the manufacturing costs (sum of material and conversion costs) 

plus the allocated transportation costs. The total costs per customer’s product exist of all costs the 

customer faces, plus fixed conversion costs for Dow if the customer decides not to buy Dow’s product.  

Both approaches for this research question require a substantial amount of data to be known from 

the customer. However, most of this data is not available or at least not stored centrally. This makes 

the analysis time consuming, inaccurate, unreliable or impossible. Using a stylized example, it was 

shown that there is significant value in collecting this data.  

To focus effort, each of the customers’ products should be classified in a two-scale classification, 

which determines whether it is valuable to gather information and which information should be 

gathered. For the first scale, the customers’ products should be classified by whether they ship a small 

or a substantial proportion of their total shipments to FTA countries. For the second scale, the 

customers’ products should be classified by how much the preferential origin of Dow’s product has 
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an influence on the preferential origin of the customers’ products. Based on this classification, the 

value of additional data can be estimated. 

It would be logical to start this classification with Dow’s most important customers, in terms of 

generated revenue. Alternatively, Dow could identify products that have an opportunity for costs 

reduction within its own organization and start by customers of these products. Meanwhile, whether 

a customer requested a proof of origin could be used as an indication that the customer has at least 

some interest in the preferential origin of Dow’s product. However, the size of this interest and for 

which FTA countries this interest is remains unknown. 
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CHAPTER 9. ALTERNATIVE RESEARCH QUESTION 3 
In the previous chapter, it was concluded that there is too little customer information available to 

appropriately use the presented model. The data that is available is far from sufficient to estimate 

Dow’s customers’ decisions in a reliable way. Originally, Research questions 3 and 4 would be 

building forward on research question 1 and 2. This means that the models that would result from 

answering research questions 3 and 4 could not be used by Dow. Therefore, alternative research 

question 3 will be answered in this chapter, which provides more value for Dow.  

The model presented in RQ 1 offers Dow useful insight in the effects of purchase decisions. However, 

a big limitation of the model is that the configuration selection of a product is independent of other 

products. This means that the configuration selection of one product has no influence on the 

configuration selection of another product, even if they share the same material type. The answer of 

alternative research question 3 should show how the preferential origin of one material type, which 

is used in different products, affects Dow’s costs. In this case, Dow’s costs are defined as all costs that 

are made until Dow’s product reaches its customer’s country, including manufacturing costs, 

transportation costs and duty costs.  

Section 9.1 describes the setting of this research question, followed by the assumptions and notation 

in sections 9.2 and 9.3 respectively. The costs minimization model is introduced in section 9.4 and a 

method to solve the problem in section 9.5. Finally, the benefits and limitations of the model are 

discussed in section 9.6. 

9.1 Setting description 
Dow produces several products which use a common material type in their production. This common 

material type is offered by multiple vendors. Dow would like to select one of these vendors to source 

this vendor’s material version from, for all products in which the material type is used. For the 

products it is not possible to use a configuration that contains another material version of the 

common material type than the one that is purchased. It is possible that a configuration for a product 

is selected that does not contain the common material type. The other material versions in the 

configurations are sourced in the EU, FTA countries and the RoW. The products are shipped to 

customers in the EU, FTA countries and in the RoW.  

9.2 Assumptions 
To answer alternative research question 3, the following (earlier introduced) assumptions count: 

#  Assumption  

1  There is no economy of scale  
3  There is ample capacity at the suppliers and manufacturers to meet the demand  
4  Each configuration for a product creates exactly the same product.  
5  When a product is preferential, no import duties have to be paid.  
6  Prices do not fluctuate over time 

Assumption 7 and 8 do not apply for this model. In addition to the first 6 assumptions, it is assumed 

that the common material type is bought at one vendor only (assumption 9). Moreover, for each 

product individually, all other material versions of a configuration are also bought at one vendor per 

material type (assumption 10).  

Furthermore, it is assumed that the purchase decisions of all material versions needed for a product, 

other than the common material type, are made independent of the purchase decisions of other 

products. This means that if a material type (other than the common material) is used for the 

production of two products, the purchase decisions of the material types of these two products are 

made independently of each other. Therefore, a configuration only contains one material version per 



57 
 

material type, but configurations of different products can use different material versions of one 

material type.  This could result in a decision to choose a different material version for the same 

material type in two products. In future research, it would be possible to relax this assumption. In 

section 9.6 a proposal is given on how to accomplish this. 

#  Assumption  

9  The common material type is bought at only one vendor 
10  For each product individually, each material (other than the common material) of a 

configuration is bought at only one vendor. 
11  The purchase decision of all materials of a product, other than the common material, is made 

independent of the purchase decisions of other products. 

9.3 Notation 
To build a model which can answer alternative research question 3, the same notation is used as in 

research question 1. In addition to this notation, a few more indices, sets and variables are introduced.  

The common material type under consideration will be denoted as 0. This means that all material 

versions of this material type will be denoted as 𝑚0. The set of material versions that are part of this 

material type, in other words the options between which the model can choose, is defined as 𝐺0
𝑡𝑦𝑝𝑒.  

The set of goods versions that have at least one configuration containing material type 0 at firm 𝑓 is 

defined as 𝐺0𝑓
𝑐𝑜𝑛𝑡. The set of configurations of product version 𝑝 that include a material of material 

type 𝑚0 is defined as 𝑉𝑝
0. 

As in research question 1, 𝑥𝑓𝑝𝑣 is the decision of company 𝑓 to use configuration 𝑣 for the 

manufacturing of product 𝑝. For alternative research question 3, 𝜒𝑓𝑚0
 is introduced, which is a binary 

variable stating the decisions of company 𝑓 to purchase material version 𝑚0. The new notation is 

summarized in the following table: 

𝐼𝑛𝑑𝑖𝑐𝑒𝑠 
𝑚0 = material version of the material type 0 

   
𝑆𝑒𝑡𝑠 

𝐺0
𝑡𝑦𝑝𝑒 = Set of materials versions of the common material type 0 

𝐺0𝑓
𝑐𝑜𝑛𝑡 = Set of goods produced at firm 𝑓 that have at least one configuration containing material type 0 

𝑉𝑝
0 = Set of configurations for product version 𝑝 that contain a material version of material type 0 

   

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠   
𝜒𝑓𝑚0

 = Decision whether material  version 𝑚0 is purchased at firm 𝑓 

9.4 Cost minimization 
The situation described is very similar to the situation as dealt with in research question 1.  MILP 2 

will be expanded to be able to deal with multiple products at the same time.  

Only one material version of the common material type can be selected. This is captured in the 

constraint (9.1). If one configuration that contains material version 𝑚0 is chosen, then material 

version 𝑚0 should be chosen. This leads to constraint (9.2). 

∑ 𝜒𝑓𝑚0

𝑚0∈𝐺0
𝑡𝑦𝑝𝑒

≤ 1  
(9.1) 

𝜒𝑓𝑚0
≥ 𝑥𝑓𝑝𝑣 ∀𝑚0 ∈ 𝐺0

𝑡𝑦𝑝𝑒, ∀𝑝 ∈ 𝐺0𝑓
𝑐𝑜𝑛𝑡 , ∀𝑣 ∈ 𝑉𝑝

0 (9.2) 
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All other constraints remain identical to MILP 2. However, because now more than one product is 

considered, all constraints of MILP 2 apply to all products that have at least one configuration 

containing material type 0 (∀𝑝 ∈ 𝐺0𝑓
𝑐𝑜𝑛𝑠). 

The costs minimization function should now minimize the sum of all costs for all the products that 

have at least one configuration containing the common material type. This leads to the following 

formula. The red part is the adjustment compared to the minimization function of MILP 2. 

min ∑ ∑ ∑ (𝑞𝑝𝑠  ∙ [𝐶𝑓𝑝
𝑚𝑎𝑛− 𝐼𝑃𝑅𝑓𝑝𝑛

𝑝𝑜𝑡 +𝐶𝑓𝑝𝑛𝑠
𝑑𝑢𝑡𝑦+ 𝐼𝑃𝑅𝑓𝑝𝑛

𝑙𝑜𝑠𝑡]+ 𝐶𝑝𝑠
𝑡 ) 

𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝑝∈𝐺0𝑓
𝑐𝑜𝑛𝑠

 
(9.3) 

The result from this adjustment is shown in Mixed Integer Linear Program 7. The red parts are the 

adjustments compared to MILP 2. 

Mixed Integer Linear Program 7: for a 𝑓 ∈ 𝐹 and material type 0 

min ∑ ∑ ∑ (𝑞𝑝𝑠  ∙ [𝐶𝑓𝑝
𝑚𝑎𝑛− 𝐼𝑃𝑅𝑓𝑝𝑛

𝑝𝑜𝑡
+𝐶𝑓𝑝𝑛𝑠

𝑑𝑢𝑡𝑦
+ 𝐼𝑃𝑅𝑓𝑝𝑛

𝑙𝑜𝑠𝑡]+ 𝐶𝑝𝑠
𝑡 ) 

𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝑝∈𝐺0𝑓
𝑐𝑜𝑛𝑠

 (9.3) 

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

(7.18)− (7.27) ∀𝑝 ∈ 𝐺0𝑓
𝑐𝑜𝑛𝑡  

(9.1)− (9.2)   

𝜒𝑓𝑚0
∈ {0,1} ∀𝑚0 ∈ 𝐺0

𝑡𝑦𝑝𝑒 (9.4) 

9.5 Solving the problem 

This section provides a method of full enumeration to solve the problem presented in research 

question three, minimizing the total costs over all products. First the preferential origin for each FTA 

country of each configuration of each product 𝑝 ∈ 𝐺0𝑓
𝑐𝑜𝑛𝑡 is calculated. Next, using MILP 7 the costs 

minimizing common material version and the configuration for each product are identified and the 

associated costs are calculated. Example 8 of appendix section I.4 shows how the costs minimizing 

configuration and associated costs can be calculated using MILP 7. 

Solution scheme RQ 3’: for a 𝑓0  ∈ 𝐹 and 𝑝0 ∈ 𝐺𝑓0
𝑝𝑟𝑜𝑑

. 

# Task 

1  Determine 𝑦𝑓𝑝𝑣𝑛 using ILP 1 and 𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 using equation (7.1) 

2 Find minimal costs and corresponding configuration and common material version by solving MILP 7. 

9.6 Benefits and limitations 
This model builds on the model presented in research question 1, and deals with the limitation that 

the vendor selection decision is independent of the vendor selection decision of other products. The 

model presented in this chapter partly deals with this limitation, there is one material version of the 

common material type that should be bought for all product. All other limitations mentioned in 

chapter 7 do still apply to this model.  

Assumption 11 remains an important limitation, since in practice there could be more than one 

material type used in several products. In future research, this assumption could be relaxed by 

applying constraints (9.1)− (9.3) for the other material types as well. A challenge will be to scope 

the products, because adding new products to the set of products will often also increase the number 

of material types, which could lead to new products that should be added to the set of products, 

leading to a viscous circle.    
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9.7 Key takeaways chapter 9 
Originally, research question 3 and 4 were to build on research question 2. However, since the model 

of research question 2 could not be solved with the available data, there was little value in creating 

models to solve original research questions 3 and 4. Instead an alternative research question 3 was 

presented, where multiple products of Dow which all have at least one configuration with a common 

material are considered. Only one vendor out of multiple vendors can be selected for this common 

material.  

To solve this research question, MILP 7 was introduced. This MILP minimizes the total costs for all 

of Dow’s products. The costs for each product are the same as in MILP 2 (used to solve research 

question 1). However, there is only one material version of the common material type that can be 

used. It is possible to choose configurations that do not contain the common material type. The MILP 

minimizes the total costs over all products. Since only one material version of the common material 

type can be used, for some products, the costs minimizing configuration might not be used when 

minimizing costs over all products.  
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CHAPTER 10. APPLYING MODELS AND TOOL IN PRACTICE 
To show the usefulness of the presented tool and models, in this chapter an analysis is performed 

using the models and tools presented in this thesis. Dow currently has a project running on 

accounting segregation on Ethylene. This chapter analyses this project. Due to confidentiality, this 

chapter is written in a qualitative way, without enclosing details. 

10.1 Introduction of accounting segregation for Ethylene 
Ethylene is the highest volume building block in the chemical industry worldwide. Ethylene is a basic 

feedstock for the production of plastics, detergents, coatings and many other materials. For example, 

Ethylene is the main ingredient for Polyethylene, which is the most common form of plastic. 

Polyethylene has a wide range of uses and is inexpensive. Therefore, it is often used for plastic bottles, 

supermarket bags, food packaging or hard plastic furniture (Cefic, 2017).   

The European Chemical Industry Council (CEFIC, 2017) has reported that making ethylene in the EU 

was on average two times more expensive than in the United States or Middle East in 2016. This price 

difference is a significant handicap for the commodity chemical industry in the EU. The market price 

of Ethylene fluctuates rapidly.  The prices of Ethylene are closely related to the price of oil. It would 

not be an exception if the price of Ethylene would drop or rise more than 10 % in one month. 

For production within the EU, Dow currently only uses Ethylene which is made in the EU and is 

preferential for most FTAs. Ethylene is stored in massive containers and should be kept in low 

temperature and under pressure. Mixing preferential and not preferential Ethylene, would result in 

having to consider all Ethylene as not preferential. This would cause a lot of Dow´s products to lose 

their preferential origin and is therefore not an option for Dow. 

For this reason, Dow is investigating the option of accounting segregation (for details see appendix 

C.2). Briefly explained, permission of the customs authorities for accounting segregation on Ethylene, 

would allow Dow to physically mix preferential and not preferential Ethylene, while it would not 

affect the preferential origin of the Ethylene. For example, if 1000 metric tons of preferential Ethylene 

is physically mixed with 500 metric tons of not preferential Ethylene, Dow is allowed to use 1000 

metric tons of Ethylene for production as if the Ethylene has preferential origin and 500 for 

production as if the Ethylene does not have a preferential origin. To do this, the administration of 

the preferential and not preferential Ethylene will be separated, while the physical products are 

mixed together. Not preferential Ethylene will obtain a different identifier (GMID) in the ERP system 

and will have a separate administration.  

Accounting segregation allows Dow to use possibly cheaper not preferential Ethylene (possibly 

sourced from outside of the EU) in the production of products where the preferential origin of 

Ethylene has no or little effect on the preferential origin of the product. The potential savings of this 

project are huge due to the price differences of Ethylene between the EU and other regions and the 

fluctuations in the Ethylene price in both the EU and outside. Additionally, a significant proportion 

of the preferential Ethylene is made in the United Kingdom. At the moment of writing this report 

(end of 2018), it is unclear whether the United Kingdom will remain in the EU’s customs union. If 

not, then all Ethylene made in the United Kingdom is considered to be not preferential for all EU’s 

FTA agreements. This will lead to a price increase of preferential Ethylene. Being able to use not 

preferential Ethylene will reduce the impact of this price change on Dow. 

Whether to apply accounting segregation is considered for two administration units (i.e. set of 

plants). Independently of each other they have three options.  

1. Not to apply accounting segregation and only produce and buy preferential Ethylene 

2. Not to apply accounting segregation and produce or buy not preferential Ethylene if that 

Ethylene has a lower material price than preferential Ethylene 



61 
 

3. To apply accounting segregation and to choose for each product individually to supply 

preferential or not preferential Ethylene. 

For choosing between option 1 and 2, the model presented for RQ3’ can be used, where ethylene is 

the common material type. This same model can be used to evaluate which products to create with 

preferential Ethylene and which with not preferential Ethylene, however constraint (9.1) should be 

relaxed. This boils down to using the model of RQ1 for each of the products.  

Not all FTAs allow for accounting segregation. The FTAs with Chili, Cariforum (set of African, 

Caribbean and pacific states), Lebanon, Peru, Colombia, Ecuador and Syria do not allow for 

accounting segregation. This means that if accounting segregation is applied and preferential 

ethylene physically mixed with not preferential ethylene is used, this ethylene would be considered 

not preferential for these FTA countries. 

10.2 Analysis on effects on preferential origin 
This section describes the main analysis to see which effects the purchase decisions on Ethylene have 

on the preferential origin of the product which use Ethylene in their manufacturing process. This 

section will summarize the method and main findings of the analysis.  

To start the analysis, all product-plant-BOM combinations of the two administration units that 

contain Ethylene were pulled out of Dow’s ERP system. All combinations that produced a product 

with a HS code that falls out of the scope of this thesis and that is produced using minimal operations 

processes were filtered out.  

Several hundred combinations remained of which the vast majority were of HS heading 3901. Using 

MILP 1, for each of the remaining combinations, the preferential origin is determined when supplied 

preferential and not preferential Ethylene, in a setting with and without applied accounting 

segregation. Next, the products are classified, based on the applicable PRoO, preferential origin 

outcome and determinants. The classification exists of two parts.  The first part of the classification 

is based on the applicable PRoO for the product. This is denoted by the HS heading. In addition, for 

HS heading 3901 there are two product groups, ‘Addition homopolymerisation products in which a 

single monomer contributes to more than 99% by weight to the total polymer content’ (referred to 

as homopolymerisation product from now on) and ‘other’ products. The second part of the 

classification is performed by looking at the outcome of the preferential origin of products. Based on 

this outcome, common characteristics are identified that (in most classes) explain the outcome of 

the classification.  

For this analysis, the current price of Ethylene was used for both preferential and not preferential 

Ethylene, which was about €970,- per metric ton. Also, the current preferential origin and prices of 

all other materials were used. Due to the rapid price changes of Ethylene, the preferential origin of 

the products can change. Therefore, based on the current outcome of the preferential origin, the 

products are classified, and characteristics are identified that can in the future be used to classify the 

products quickly. Due to the price fluctuations, a product can switch classification in the future. 

Table 10.1 provides a summary of the preferential origin of the products which contain Ethylene. The 

first column represents the name of the classification. The first four digits are the HS heading. For 

heading 3901 this is followed by ‘HPM’ for the homopolymerisation products and ‘other’ for other 

products. The final 2 digits are to distinguish the different classes within the same HS heading. The 

second, third and fourth columns show the percentage of the ex-works price that is exist of the value 

of the used Ethylene, not preferential materials from the same chapter as the product and not 

preferential materials of the same heading as the product, respectively. These columns explain (in 

most cases) the outcome of the preferential origin of the products of that class. The 5th column states 

the number of products that are classified in the classes with the current prices. 
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The 6th to 10th column state whether a product is preferential.  The first letter(s) state the preferential 

origin for products in this class in the case there is no accounting segregation and the second letter(s) 

the preferential origin when accounting segregation is applied. P means that a product is always 

preferential for these countries independent of the preferential origin of the Ethylene. NP means that 

a product is always not preferential independent of whether the used Ethylene is preferential. D 

means that the preferential origin of the products is completely dependent on the preferential origin 

of the Ethylene. This means that if no accounting segregation is applied and preferential Ethylene is 

supplied that all products are preferential for each FTA, except if the first letters are NP (red cell). 

When not preferential ethylene is supplied, then all products will be preferential except if the first 

letter is D (yellow and orange cells) or the first two letters are NP (red cell). 

If accounting segregation is applied, then it is possible to choose per product individually which 

Ethylene to use. If preferential Ethylene is used, a product is preferential for all FTA countries of 

which if the last letter is P (green cells) or D (yellow cells). The FTA countries of which the code end 

with NP (orange and red cells) are not preferential in this case. If not preferential Ethylene is 

supplied, then the FTA countries with a code ending on D (yellow cells) or NP (orange and red cells) 

are not preferential. 

Applying accounting segregation would allow Dow to use not preferential ethylene for products 

where the absence of a preferential origin of Ethylene would have no influence on the preferential 

origin of the finished product. Products in the classifications 2903-01, 2910-01, 3901-Other-01 and 

3907-01 would not be affected at all. Products from classification 3901-Other-04 would only be 

affected for Peru, Colombia and Ecuador and products from classifications 3901-Other-02 and 3901-

Other-03 would be affected for Peru, Colombia, Ecuador and South Korea.  

However, applying accounting segregation would cause all products from classification 3901-HPM-

02 to be not preferential for the countries Chili, Lebanon, all Cariforum nations, Peru, Colombia and 

Ecuador, independent of which Ethylene they use in manufacturing. In addition, all products from 

3901-Other-02, 3901-Other-03 and 3901-Other-04 will be not preferential for Peru Colombia and 

Ecuador and products from 3901-HPM-01 will be not preferential for Chili, Lebanon and the 

Cariforum nations. 

Classification 
% 

Ethylene 
% same 
chapter 

% same 
heading n 

No acc. segregation/With acc. segregation 

Other 
countries 

CLb, LBb, 
CARIFa+b 

PEb, 
COb, ECb 

TNb, 
MAb KRb 

2711-01    < 20 P/P P/P P/P P/P P/P 

2903-01   0 - 20 % < 20 P/P P/P P/P P/P P/P 

2910-01   0 - 20 % < 20 P/P P/P P/P P/P P/P 

3901-Other-01   0 % > 100 P/P P/P P/P P/P P/P 

3901-Other-02 > 75 %  0 - 20 % 20 – 100 P/P P/P D/NP P/P D/D 

3901-Other-03 50 - 75 %  0 - 20 % < 20 P/P P/P D/NP P/P D/D 

3901-Other-04 50 - 75 %  0 - 20 % < 20 P/P P/P D/NP P/P NP/NP 

3901-HPM-01 > 50 %  0 % 20 – 100 D/D D/NP P/P D/D P/P 

3901-HPM-02 > 75 % 0 - 20 %  
< 20 D/D D/NP D/NP D/D D/D 

3907-01  0 - 20 %  
< 20 P/P P/P P/P P/P P/P 

Table 10.1 Summary of the classification of preferential origin of the products containing Ethylene. First letter(s) 
state whether product is preferential if no accounting segregation is applied, last letter(s) if accounting segregation 
is applied. P = preferential, D = Preferential if Ethylene is preferential, NP = Not preferential.  
aCARIF = CARIFORUM    bsee Appendix 5 for country codes.  
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10.3 Analysis on the lowest costs 
To analyze which option is best for Dow, the model and solution scheme of RQ3’ can be used. To 

calculate the total costs for option 3, constraint (9.1) of MILP 7 should be relaxed. When solely 

looking at the setting of RQ3’, it would be advisable to apply accounting segregation and deliver not 

preferential Ethylene for all products, except for chapter 3901 homopolymerisation products that are 

shipped to FTA countries, assuming not preferential Ethylene is cheaper. For the heading 3901 

homopolymerisation products, further analysis is required to determine whether the difference in 

material price between preferential and not preferential Ethylene is larger than the possible duty 

reduction. In addition to the mentioned products, this also applies for heading 3901-other products 

that are shipped to Korea.  

However, vast majority of the products analyzed in this chapter are not shipped to FTA countries 

and the majority is only shipped to customers in the EU.  Therefore, the presented conclusion is not 

complete. The customers in the EU had additional benefits from preferential products and if a 

product which is now supplied preferential becomes not preferential, a customer might decide to 

buy the material somewhere else. 

If accounting segregation would be applied, the solution scheme of the non-cooperative approach of 

RQ 2 could be used for each product individually to decide whether preferential or not preferential 

Ethylene leads to the lowest total costs.  However, just as described in chapter 8, at this moment the 

customer data that is required for this analysis is not available. Alternatively, the number of 

outstanding LTSDs can be used and analyzed to find out whether the contracts with the customer 

contain a clause that obligates Dow to ship preferential products. From past research, it was 

concluded that for many products these clauses existed. This means that for all products on which 

the preferential origin is dependent on the preferential origin of Ethylene, preferential Ethylene 

should be used.  

Before applying accounting segregation, it should be investigated whether products of HS heading 

3901 are obligated by the contracts with the customers have preferential origin for the countries Chili, 

Lebanon, Cariforum countries, Peru, Colombia and Ecuador. If Dow is obligated to supply the 

products with a preferential origin for these countries than applying accounting segregation will 

result in a break of contract on Dow’s side. If this is not the case, than it would be possible to apply 

accounting segregation, and supply not preferential Ethylene to all products except from 3901-HPM 

products. Additionally, 3901-other-02 and 3901-other-03 products might require preferential 

Ethylene aswell if the preferential origin of Korea is important. 

In conclusion, with the current data it is not possible to advise Dow on which action to take. It is 

recommended for Dow to investigate for which products and which FTAs they are obligated to supply 

products with a preferential origin. Based on this, they can decide whether to apply accounting 

segregation and which products to supply preferential Ethylene. 

10.4  Key takeaways chapter 10 
Physically mixing two product versions of the same product type, while keeping the preferential 

origin of the two product versions, is called accounting segregation. Due to the large price difference 

of Ethylene between the EU and elsewhere in the world, applying accounting segregation could result 

in high savings in material costs while keeping the current preferential origin of the products which 

use preferential Ethylene in their production. However, applying accounting segregation would 

result for some products to lose it preferential origin for Chili, Lebanon, Peru Colombia, Ecuador and 

the Cariforum countries, independently of which Ethylene is used. With the current data it is not 

possible to advise Dow on which action to take. It is recommended for Dow to investigate for which 

products and which FTAs they are obligated to supply products with a preferential origin.   
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CHAPTER 11. CONCLUSION, LIMITATIONS AND RECOMMENDATIONS 
This chapter provides a conclusion, limitations, recommendation and findings not related to the 

research. In section 11.1 the conclusion of this thesis, the research questions are addressed. Section 

11.2 provides the practical benefits, limitations and recommendations for Dow as a result of this 

thesis. Finally, in section 11.3 the contribution of this thesis is explained, and topics of future research 

are discussed. 

11.1 Conclusion 

Opportunity, main research question and scope 
This thesis has investigated how companies can make strategic purchase decisions to minimize 

production and duty related costs based on the preferential origin of the purchased goods. 

Companies can benefit from trading goods that qualify for import duty reduction in trade agreements 

(i.e. preferential goods) in three ways: 

1. Buying preferential goods from Free Trade Area countries (FTA, i.e. countries with a trade 

agreement) will lead to a reduced or zero duty tariff. These products can be cheaper than 

locally produced products or products from the rest of the world over which duties have to 

be paid. 

2. Exporting preferential goods to FTA countries will lead to a reduced or zero duty tariff for 

the buyer. This makes the preferential products more attractive than not preferential 

products on which import duties have to be paid. 

3. Selling preferential materials might bring a competitive advantage over selling not 

preferential materials, because the preferential origin of a good is often dependent on the 

preferential origin of the materials used in production. Therefore, companies in the domestic 

market may prefer to buy preferential materials over not preferential materials. 

The research was staged at the European department of Dow Chemicals. The following opportunity 

for improvement was found for Dow: 

Dow can improve its supply chain profitability and competitiveness by being better able to predict 

whether its manufactured products obtain a preferential origin and to estimate what effects in 

terms of costs a preferential origin has, making it possible for the purchase and sales function of 

the company to adapt its strategy and decisions based on the expected costs, duty savings, and 

strategic advantage Dow’s products can deliver. 

In order to seize this opportunity, the main research question was defined as: 

How does the preferential origin of the materials purchased by Dow influence the total costs of 

Dow’s supply chain? 

This research question was addressed for 14 HS headings (i.e. product categories), for 23 FTAs of the 

EU (see Appendix Table E.1) and for three settings: 

1. One product that is shipped to customers all over the world, where the customers in the 

domestic market do not have additional benefit from buying preferential goods. 

2. One product is shipped to customers in the domestic market, where the domestic customers 

further manufacture the product, which is then shipped to customers all over the world. 

3. Multiple products that share one common material type. Of this material type only one 

vendor can be selected. The products are shipped to customers all over the world, where the 

domestic customers do not have additional benefit from buying preferential goods. 

To qualify for import duty reduction, a product should meet rules, which differ between product 

categories and FTA agreement. For the HS headings and FTAs within the scope, 8 different list rule 

types were found, as shown in table 11.1. If one of these list rule types applies for a product and FTA 
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and the list rule is met, a product has a preferential origin for that FTA. List rule types 5 to 8 allow 

up to a certain percentage of not preferential materials in the production, this percentage is called 

the Not Regional Value Content percentage and can be different between FTA countries and HS 

headings.  

# For a manufactured product to qualify for a preferential origin, the product must: 

1 Have undergone an in the FTA agreement defined processing. 

2 Be manufactured from a specific product (e.g. polycarbonate of tetrabromo-(bisphenol A)). 

3 Be produced from materials of any heading (i.e. this product is always preferential). 

4 Be produced only from preferential materials with the same heading as the product or 
materials with a different heading. 

5 Consist of less than ‘x’% of its ex-works price of materials from the same heading as the 
manufactured product that are either not preferential or not made in the EU 

6 Consist of less than ‘y’% of its ex-works price of materials from the same chapter as the 
manufactured product that are either not preferential or not made in the EU 

7 Consist of less than ‘z’% of its ex-works price of materials that are either not preferential or 
not made in the EU 

8 Consist of less than ‘y’% of its ex-works price of materials from the same chapter as the 
manufactured product that are either not preferential or not made in the EU AND consist 
of less than ‘z’% of its ex-works price of materials that are either not preferential or not made 
in the EU 

Table 11.1 List rule types that are identified for all products and FTAs within scope 

A possible set of material version that produce a product is referred to as a configuration. For any 

configuration it can be determined whether a product is preferential. If one of the above rules applies 

to the product and is met by the configuration, then the product is preferential when made using 

that configuration.  

Research question 1 

The first research question that was addressed is defined as: 

RQ 1. How does the preferential origin of purchased materials used in the manufacturing of one 

product influence the supply chain costs of Dow until the product reaches the Tier 1 customers’ 

country (including transportation costs and import duties)? 

The total costs consist of manufacturing costs (which include material, fixed conversion and variable 

conversion costs), duty related costs and transportation costs. The duty related costs are the import 

duties deducted by the Inward Processing Relief (IPR) savings. If a product is preferential, the import 

duty costs decrease compared to a situation where the product is not preferential. The IPR savings 

can decrease when a product is preferential compared to a situation where the product is not 

preferential, although the import duty reduction is always larger than the decrease in IPR savings. 

The preferential origin of produced products, for which one of the list rule types 4 to 8 apply, is 

determined by the preferential origin of (some of) the materials used in production. Using a 

configuration that leads to a product with a preferential origin results into lower import duty costs. 

Even if the material costs (and therefore manufacturing costs) are higher for a configuration that 

leads to a preferential product, the total costs can decrease. Therefore, there is a tradeoff between 

possible lower manufacturing costs and higher duty related costs for products produced with not 

preferential materials. The outcome of this tradeoff is case specific and cannot be generalized for all 

products.  A tool is created for Dow to determine the costs minimizing configuration for both existing 

and hypothetical products. 
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Research question 2 
The second research question investigated the setting where Dow delivered their products to 

customers in the domestic market. The research question is defined as: 

RQ 2. How does the preferential origin of the by Dow purchased materials used in the manufacturing 

of one product that is shipped to Tier 1 customers in the EU, influence the decision making of 

the Tier 1 customers in the EU and their supply chain costs until the product reaches the Tier 2 

customers’ country (including transportation costs and import duties)? 

The preferential origin of Dow’s customers’ products might be dependent on the preferential origin 

of Dow’s products and therefore also on Dow’s chosen configuration. Based on Dow’s chosen 

configuration, the customer might decide to buy Dow’s product or not to buy it. This research 

question is addressed using two different approaches which can be used in two different contexts; a 

non-cooperative approach and a cooperative approach. 

Non-cooperative approach 

In the non-cooperative approach, all customers make their own costs minimizing decision, which 

can be a configuration that contains Dow’s product or does not contain Dow’s product. This approach 

can be used in the context of a classical supplier-buyer relationship. Dow´s customers´ decision is 

similar to Dow’s decision in setting 1. Dow can influence the potential customers’ decisions by 

supplying a preferential good, which makes it more likely that a configuration containing Dow’s 

product is chosen by the customer. If a customer does not choose Dow’s product, Dow misses 

revenue while still facing fixed conversion costs. Therefore, Dow’s decision is a tradeoff between 

possible lower material costs versus higher costs when not selling products to potential customers.  

Cooperative approach 

In the cooperative approach Dow and its customers work together to minimize the total costs.  This 

approach can be used in a context where Dow and its customers work together, for example when 

they have a strategic alliance or when Dow is its own customer (one plant supplies another plant).  

The total costs per customer’s product exist of all costs the customer faces, plus fixed conversion 

costs for Dow if the customer decides not to buy Dow’s product. The costs that Dow’s customers face 

consist of the same factors as Dow faces in setting 1. The transfer costs of Dow’s product are equal to 

Dow’s manufacturing costs plus the allocated transportation costs from Dow to the customer. If a 

more expensive configuration for Dow’s product leads to a preferential product for both Dow and its 

potential customer, the duty costs might decrease. Additionally, it could prevent that Dow’s potential 

customers choose a configuration that does not contain Dow’s product, which leads to additional 

costs, being Dow’s fixed conversion costs. Therefore, the decision for Dow’s and its customers’ 

configuration is a tradeoff between higher manufacturing costs and lower duty on the one hand and 

additional costs when a customer is lost on the other.  

Data availability 

The outcome for a product of both approaches is case specific and cannot be generalized. MILPs have 

been created that can identify the costs minimizing configurations and calculate the associated costs. 

However, these MILPs require a substantial amount of customer data. Using a stylized example, it 

was shown that there is significant value in collecting this data. Therefore, there remains an 

opportunity for Dow to gather the required customer data, which will allow analysis for products in 

this setting.  
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Alternative research question 3 
The situation of alternative research question 3 (RQ 3’) considers multiple products of Dow which all 

have at least one configuration with a common material. Only one vendor (i.e. material version) out 

of multiple vendors can be selected for this common material. Alternative research question 3 is as 

follows: 

RQ 3'. How does the preferential origin of one common material type used in the manufacturing of 

multiple products influence the supply chain costs of Dow until the product reaches the Tier 

1 customers’ country (including transportation costs and import duties)?  

Multiple products are considered, all having the same costs as in setting 1. Choosing a material 

version for the common material type limits the possible configurations for the products, since the 

configurations containing another material version of the common material type cannot be chosen 

anymore. Configurations containing the chosen material version or configurations not containing 

the common material type can still be chosen. For each material version of the common material 

type and each product, the cost minimizing configuration can be found. Taking the sum of the 

associated costs with these configurations for all products gives the total costs Dow faces when 

choosing that material version for the common material type. These costs can be compared to similar 

costs for the other material versions of the common material type. 

Project on accounting segregation  
Accounting segregation is keeping the administration of two physically identical materials that have 

a different preferential origin separate, while physically mixing the goods. This allows Dow to use 

not preferential Ethylene for a lot of its products, without changing the preferential origin of the 

good and other goods. The presented models and the tool were put to use in a project where Dow 

investigates whether applying accounting segregation on Ethylene would be valuable and which 

products can be made from a not preferential material version of Ethylene.  

The colored columns of table 11.2 provide the effects of the preferential origin of Ethylene on the 

preferential origin of a product. The first element of the cell states the preferential origin of the 

products in that classification when no accounting segregation is applied, and the second element 

states preferential accounting segregation is applied. ‘P’ and ‘NP’ means that the product has a 

preferential origin and has no preferential origin respectively, independent of the preferential origin 

for the specified FTAs. ‘D’ means that the preferential origin of the product is dependent on the 

preferential origin of the used Ethylene. 

Classification 
% 

Ethylene 
% same 
chapter 

% same 
heading n 

No acc. segregation/With acc. segregation 

Other 
countries 

CLb, LBb, 
CARIFa+b 

PEb, 
COb, ECb 

TNb, 
MAb KRb 

2711-01    < 20 P/P P/P P/P P/P P/P 

2903-01   0 - 20 % < 20 P/P P/P P/P P/P P/P 

2910-01   0 - 20 % < 20 P/P P/P P/P P/P P/P 

3901-Other-01   0 % > 100 P/P P/P P/P P/P P/P 

3901-Other-02 > 75 %  0 - 20 % 20 – 100 P/P P/P D/NP P/P D/D 

3901-Other-03 50 - 75 %  0 - 20 % < 20 P/P P/P D/NP P/P D/D 
3901-Other-04 50 - 75 %  0 - 20 % < 20 P/P P/P D/NP P/P NP/NP 

3901-HPM-01 > 50 %  0 % 20 – 100 D/D D/NP P/P D/D P/P 

3901-HPM-02 > 75 % 0 - 20 %  
< 20 D/D D/NP D/NP D/D D/D 

3907-01  0 - 20 %  
< 20 P/P P/P P/P P/P P/P 

Table 11.2 Summary of the classification of preferential origin of the products containing Ethylene.  
aCARIF = CARIFORUM 
bsee Appendix 5 for country codes. 
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There is not sufficient information available to predict Dow’s customers’ decisions, and therefore to 

come up with a reliable advice. Some of the customers of these products had a clause in the contract 

that obligates Dow to supply preferential products. Due to confidentiality of the contracts, it was not 

possible to investigate thoroughly whether applying accounting segregation would cause problems 

for these contracts and to investigate which products should be made with preferential Ethylene. 

Further research on these contracts is required before applying accounting segregation. 

11.2 Benefits, limitations and recommendations for Dow 

Benefits 
The in this thesis presented models and tool form a toolbox that can be used in various ways for the 

described settings. The main purpose of the toolbox is to use the models and tool as a starting point 

when analyzing which material versions to use in production. The models provide insight in what 

the effects are of purchase decisions. In addition, the tool forces the users to go through steps which 

could have been overlooked when doing a manual analysis, such as exploring how the product is 

shipped. This can lead to additional insights which would have been overlooked when analyzing the 

situation manually.  

However, the toolbox can also be used for other purposes. It can be used to predict the effect of 

uncertainties such as price fluctuations or changes in sales on the preferential origin of the product 

and its associated costs. Moreover, it can be used to analyze and predict customers’ purchase 

decisions, which can help increase sales or improve price negotiations.  

In addition to the analysis purposes, the models summarize complex rules into an understandable 

form, which makes it easier to explain to employees without much in-depth knowledge on 

preferential origin how it is determined and what the effects are of changes on the preferential origin 

of products and their associated costs. Especially the employees who do not work daily with 

preferential goods benefit from this. The models and tool can help in communicating the effects of 

certain decisions or events. 

Limitations 
Although the presented models and tool bring additional value to Dow, there are still some 

limitations that should be kept in mind when using the models. One of the biggest limitations is that 

although the benefit of having a preferential origin for EU customers is captured in the models of 

research question 2, this benefit cannot be quantified due to a lack of customer data. In addition, 

even if the information would be available, due to a shift in scope of this research no model was 

created that captures both the benefit of shipping preferential products within the EU and to FTA 

counties in one model. Furthermore, the model of research question 2 assumes that the Tier 2 

customers in the EU have no benefits for buying preferential materials.  

Another important limitation is that the models assume that for each product, the configuration 

choice is made independently of the effect this decision has on other products, except for the 

common material type in research question 3. In practice, it is likely that products have more 

materials in common with other products and the decision on which configuration to choose is not 

made fully independently for each product. 

Also, important to keep in mind is that the models work on predictions, while the models itself are 

deterministic. The predictions can turn out to be wrong and not give optimal results. However, the 

effects of this is expected to be quite low in most cases, since in practice the uncertainties will not 

often change a decision outcome.  

The final limitation to keep in mind is that the models assume that all parties only take decisions 

based on costs, and do not take aspects such as compatibility, risks, safety and service into account.  
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Recommendations 
There is an interesting opportunity for supply chain cost reductions in Dow’s businesses that are not 

focused on purchasing preferential goods. To identify and profit from these opportunities, the 

following recommendations are made. 

Investigate effects of preferential origin during purchase decisions 

During purchase decisions, the customs and trade compliance department should be consulted to 

get insight into the effects of the purchase decisions on the preferential origin of the produced goods 

and associated costs. The customs and trade compliance department can use the tool and models 

presented in this paper to analyze the effects of the options of the vendor selection process. 

Reach out to other business units 

The customs and trade compliance department should reach out to Dow’s other business units more 

intensively. They can give trainings to increase the knowledge on preferential origin of goods across 

the company. Moreover, they can proactively start looking for opportunities across the organization 

where a research on the effects of preferential goods purchasing can have an impact.  

Gather customer information 

Dow should start gathering customer data of customers where the preferential origin of Dow’s 

product plays a role.  To determine for which customers’ products it is valuable to gather information 

and which information should be gathered for these products, each of the customers’ products 

should be classified in a two scale classification, as illustrated in table 11.3 For the first scale, the 

customers’ products should be classified by whether they ship a small or a substantial proportion of 

their total shipments to FTA countries. For the second scale, the customers’ products should be 

classified on how much influence the preferential origin of Dow’s product has on the preferential 

origin of the customers’ products. This influence can be (hardly) none, partial or complete.   

 Impact on preferential origin 

None 
Category A 

Partial 
Category B 

Complete 
Category C 

Proportion 
FTA 
shipments 

(Very) small 
Category 1 
 

No information 
required 

No information required No information 
required 

Substantial 
Category 2 

No information 
required 

Information requirements: 
• Shipments 

• Alternatives 
• Manufacturing details 

Information 
requirements: 

• Shipments 
• Alternatives 

Table 11.3 Classification of Dow's customers' products and the need for additional information 

For category C2 customers, it would be beneficial to investigate how the destination of the shipments 

are distributed and what alternatives the customer has, for example by mapping the competitors 

pricing and preferential origin. Additionally, for category B2 customers, a thorough investigation on 

the distribution of destinations of shipments, alternatives for Dow’s product, other materials used in 

manufacturing and manufacturing details might be required to come up with a reliable result. For 

the other category customer, no additional customer information is required. A more elaborate 

explanation is provided in chapter 8.6. If this data is gathered, it would be valuable for Dow to make 

a new model that combines setting 1 and setting 2.  

Include effects of preferential origin in KPIs 

The purchase department should encourage their employees to take the preferential origin of goods 

into consideration by including duty related savings in their KPIs. This way, it is more likely that 

employees of the purchase department will proactively investigate the effects of the preferential 

origin and take these effects into account during their vendor selection process.  
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Maintain and expand tool and models 

The tool that has been created needs to be maintained. A manual on how to do this is included with 

the tool. Also, the company should expand the scope of the models and tools by including more HS 

headings and FTAs. Moreover, the models and tools should be adapted to changes in the future, such 

as the upcoming Brexit or new FTA agreements.  

11.3 Contribution to literature and future research 
This research is a relevant contribution to the current scientific research base, because it is the first 

research that investigates the effects of the preferential origin during a vendor selection process on 

the costs of a company in settings where: 

• the product is shipped to customers in the domestic market, FTA countries and the Rest of 

the World. 

• multiple list rule types can apply. 

• the customers in the domestic market also benefit from preferential products. 

• there are is a common material used in multiple products. 

The settings are a significant extension on the current literature base and opens doors for future 

research on this topic. Additionally, this thesis clarifies the effects of purchase decisions on a topic 

with complex regulations for various settings. 

The presented models can not only help Dow, but other companies as well, which face the similar 

problems as Dow. Although the models are focused on the chemical industry, it would be easy to 

adapt the models to other industries. ILP 1 (which determines whether a product is preferential) is 

structured in a way that makes it possible to add new list rule types, to extend the model for new HS 

headings or FTAs. A new constraint should be added which states whether the new rule type is met, 

and the new list rule number should be added to equations (7.4), (7.5) and (7.11). 

Next to being useful for companies, this research also forms a basis for further research on the topic 

of purchase decisions considering the effects of the preferential origin of goods. More models could 

be created to deal with different settings and relaxed assumptions. Especially the following settings 

would be interesting topics for further research: 

• The setting of original research questions 3 (stated in appendix F), where the company’s 

products are exported outside the EU and to customers within the EU that further 

manufacture the products. This research question merges the models of RQ 1 and RQ 2 and 

form a model that can deal with a very common setting. A requirement for this is that there 

is sufficient customer data available. This model could be further extended to the setting of 

original research question 4 (also stated in appendix F) where there are multiple products 

with a common material type that are exported outside the EU and to customers within the 

EU that further manufacture the products, leading to a vicious circle. 

• A setting where more than one material type is used in multiple products (i.e. the relaxation 

of assumption 11). This could be done by applying constraints (9.1) − (9.3) for other material 

types as well. A challenge will be to scope the products, because adding new products to the 

set of products will often also increase the number of material types, which could lead to new 

products that should be added to the set of products.    

•  A setting where there are large uncertainties, such as high price fluctuations. 

• A setting where multiple material versions of one material type should be selected, for 

example because of supply constraints or to reduce supply risks.   

• A setting where the customers’ products are also used for further manufacturing.  
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11.4 Concluding note 
This study is one of the first that investigates the effects of the preferential origin during a vendor 

selection process on the costs of a company. Three different settings have been researched where the 

preferential origin of the purchased goods play a role in the total costs of a company. The models 

that have been created can help companies with purchase decisions and analyzing situations where 

the preferential origin of the materials play a role. Additionally, the models summarize complex 

regulations into an understandable form, making it easier to explain to employees without much in-

depth knowledge on the effects of preferential origin. Although more research on different settings 

is needed to fully understand the effects of the preferential origin of materials on the companies’ 

costs, the current study has provided a sound base of models on this topic and has provided useful, 

practically as well as scientifically relevant insights.  
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APPENDIX A – LIST OF ABBREVIATIONS 
Abbreviation Elaboration 

ACP African, Caribbean and Pacific 

BOM Bill Of Materials 

CIF Costs, Insurance and Freight (incoterm, see appendix C.2) 

EEA European Economic Area 

ERP system Enterprise Recourse Planning system 

Etc. Etcetera  

EU European Union 

EUCU European Union Customs Union 

EXW Ex-Works price (incoterm, see appendix C.2) 

FoB Free on Board (incoterm, see appendix C.2) 

FTA Free Trade Area 

GMID General Material Identification, (i.e. stock keeping unit) 

HPM products Products classified as ‘Addition homopolymerisation in which a single 
monomer contributes more than 99% by weight to the total polymer content’ 

HS Harmonized System 

ILP Integer Linear Program 

Incoterm International Commercial Term 

IPR Inward Processing Relief 

kg Kilogram 

KPI Key Performance Indicator 

l Liter 

LTSD Long Term Supplier Declaration (i.e. outgoing statements of pref. origin) 

LTVD Long Term Vender Declaration (i.e. incoming statements of pref. origin) 

MILP Mixed Integer Linear Program 

NRVC Not-Regional Value Content 

PRoO Preferential Rules of Origin 

RoW Rest of the World 

RQ Research Question 

RVC Regional Value Content 

VNM Value of all not preferential materials 

Appendix Table A.1 List of used abbreviations 
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APPENDIX B – EXAMPLES ON THE BENEFITS OF PREFERENTIAL GOODS 
This appendix illustrates the benefits of preferential goods in two examples and illustrates how the 

no-drawback rule works. Appendix B.1 illustrates the direct benefits of buying and selling preferential 

goods from and to companies in FTA countries. Appendix B.2 illustrates how companies can benefit 

indirectly from selling preferential goods to customers within the Domestic markets. Appendix B.3 

explains how the no-drawback rule works. 

Appendix B.1 - Example 1 - Direct benefit of preferential goods 
This example shows how companies in the domestic market can benefit from purchasing and selling 

preferential goods from and to FTA countries. Appendix figure B.1 and Appendix table B.1 explain 

how complying with the rules of origin can lead to reduced costs. In this example, product A is: 

• manufactured in the domestic market by company Z.  

• made from raw materials shipped from within the domestic market, an FTA country, or 

another country, defined as a Rest of World (RoW) country.  

• sold for consumption in either the domestic, FTA’s or RoW’s market. 

• fully exempted of import duty if the product is preferential. 

Import duties have to be paid over goods that are imported from the RoW, goods that exported to 

the RoW, not preferential material imported from countries in the FTA and not preferential materials 

exported to countries within the FTA. Furthermore, the following assumptions apply to this example 

• There is no Inward Processing Relief (see subsection 2.2.2). 

• There is a full import duty reduction when a product is preferential. 

By avoiding block 5, and block 11 when product A is exported to the FTA country, costs can be reduced 

making the product more profitable.  

 Appendix figure B.1 Import reduction for a scenario with ‘product A’ without inward processing relief, description in 

Appendix table B.1.  
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Table Appendix B.1 - Description of Appendix figure B.1 -- Import reduction in a basic scenario without inward 

processing relief 

Appendix B.2 - Example 3 – Indirect benefits of preferential goods 
This example illustrates how goods with a preferential origin which are sold within the domestic 

market can have an advantage over goods without a preferential origin. 

Consider two companies within the same market: Company Z and Company Y. Company Z produces 

Product A from materials from all over the world. Company Y produces Product B from product A 

and other materials from all over the world. Product B is then sold in the RoW and in an FTA country. 

Whether product B is preferential is determined by a NRVC-rule.  

Product B is preferential depending on the product price of product A, the preferential origin of 

product A and the ex-works works price of product B. Therefore, buying preferential product A 

within the domestic market can be more beneficial than buying a cheaper product A from the 

somewhere in the rest of the world. 

The example is further explained in Appendix figure B.2 and Appendix table B.2. This figure and table 

provide insight into the benefits of supplying preferential products within the domestic market for 

further manufacturing. In this example, consider a single product A that is: 

• made from raw materials shipped from within the domestic, FTA’s or to the RoW’s market.  

• manufactured in the domestic market.  

• sold for the manufacturing of product B to company Y. The manufacturing of product B takes 

place in one of the plants of company Y located in domestic market. 

Product B: 

• is made from product A and raw materials shipped from RoW and an FTA country.  

• is manufactured in the domestic market.  

• is sold for consumption in either the RoW or the FTA country. 

• Has a possible preferential origin, which is determined by a NRVC threshold rule. 

# Description 

1,2,3 Raw materials are shipped from domestic market, FTA country, and other countries, 
which will be called ‘Rest of the World’ (RoW) 

4,5 The importing party (company Z) has to pay import to the duty authorizations of the 
importing country. Duties on products shipped from the RoW and not preferential 
products shipped from FTA countries. For preferential products shipped from the 
FTA it is possible to apply for reduced import duties. In this case, this is a fully 
reduction of the duties. Also, no import duties have to be paid for products imported 
from within the domestic market, since there is no import. 

6,7 From the raw materials, product A is produced. 

8 Decision on where the product is exported to. 

9 Product A is shipped within the domestic market and consumed there. When the 
product is consumed (and not further manufactured) it is not relevant whether the 
product has a preferential origin. Example 3 of Appendix B.2 illustrates the benefits 
of the preferential goods sold within the domestic market. 

10, 11, 12 It is determined whether the product is preferential. How this is determined is 
elaborated upon in section 2.3. If the product is preferential, no import taxes have to 
be paid. If not, then the importing company, being the company in the FTA, has to 
pay import duties.  

13, 14 The product is exported to the RoW. Import taxes have to be paid by the importing 
company, being the company in the RoW. 
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Furthermore: 

• There is no Inward Processing Relief (see subsection 2.2.2). 

• There is a full reduction of import duty when a product is preferential. 

Appendix figure B.2 Strategic advantage in for export within the domestic market without accounting segregation 

and duty drawback, description in Appendix table B.2. 

# Description 

1-7 Similar to Appendix figure B.1 and Appendix table B.1. Product A is manufactured 
from raw materials from the domestic, FTA’s, and RoW’s market.  

15, 16, 17 Product B is manufactured from Product A and materials from FTA and RoW. Similar 
as step 5, on products shipped from the RoW and not preferential products from FTA 
countries duties have to be paid.  

18, 19, 20 Product B is exported to FTA, where no pay import duties have to be paid if it is 
preferential. Whether product B is preferential is based on a NRVC rule. Therefore, 
whether product A is preferential partially determines whether duties have to be paid 
over product B. 

21, 22 A part of product B is exported to the RoW, on which import duties have to be paid.  

Appendix table B.2 Description of Appendix figure B.2 - Strategic advantage in for export within the domestic market 
without accounting segregation and duty drawback 
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Appendix B.3 - Example 4 – Illustration of no-drawback rule 
This example shows how the no-drawback rule works. 

Appendix figure B.3 and Appendix table B.3 describe the same scenario as in the example 1, but now 

with a duty drawback. In this example, a single product A is: 

• made from raw materials shipped from the domestic, FTA’s and RoW market.  

• manufactured in the Domestic market by company Z. 

• sold for consumption in either the domestic, FTA, or RoW the market. 

• fully exempted of import duty if the product is preferential. 

Furthermore: 

• The FTA agreement has a no-drawback rule 

• Full import duty reduction is applied when a product is shipped preferential.  

Deviating from previous examples, this example does consider Inward Processing Relief. 

Appendix figure B.3 Import reduction in a basic scenario with drawback  
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Consider the example 2 of section 2.1.1 where product A manufactured from ‘material B’, ‘material D’, 

‘material E’ and Material F’. Material B is a not preferential bought from a supplier in FTA country. 

Material D is bought from the domestic market but is not preferential. Material E is imported from 

the RoW and the company has a license for IPR over this material. Material F is a material brought 

form the domestic market and has a preferential origin. Materials B, D and F do not have a license 

for IPR. To create a batch of 1.000 kg of product A, €80,- worth material E is needed. Over these €80,-

, an import duty has been paid of €2,88.  

Suppose product A has a preferential origin. 300.000 kg of product A is exported to a customer in 

RoW. The company can apply for (€2,88∗  
300.000

1000
=) €864,- IPR over the import duties paid over 

material E. A remaining 400.000 kg of product A is shipped preferential to the FTA country. Due to 

the no-drawback rule, it is not possible to apply for IPR for this shipment. If product A would be not 

preferential, then the company would be allowed to apply for (€2,88∗  
400.000

1000
=) €1152,- IPR. 

 

 

# Description 

1 - 12 Similar to Figure 2 and Table 1. Product A is manufactured from raw materials from 
the domestic, FTA’s, and the RoW’s markets. Over the products from the RoW and 
not preferential products from the FTA, import duties have to be paid by the 
importing party. If the product is shipped to the FTA country, import duty is paid by 
the importing party if the product is not preferential. 

23 - 26, If it is possible to apply for duty drawback, the drawback is paid back to the company 
that paid the import taxes. The drawback is only possible over materials  meet three 
criteria: (1) materials that have been imported with import duty, (2) over the 
proportion that is exported to the RoW and not preferentially to FTA countries and 
(3) materials on which the exporting company has permission from the customs 
authorities to receive duty drawback.  

27, 28 The product is exported to the RoW. Import taxes have to be paid by the importing 
company, being the company in the RoW. 

Appendix table B.3 Description of Figure 4 - Import reduction in a basic scenario with drawback 
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APPENDIX C – ADDITIONAL INFORMATION ON PREFERENTIAL ORIGIN 
This appendix provides additional information on the determination of preferential origin of goods 

for the different existing FTA agreements. Appendix section C.1 describes the common provision in 

FTA agreements that are not discussed in the main text of this thesis. Appendix section C.2 describes 

the different type of rules that apply when determining the preferential origin of goods. 

Appendix C.1 – Common provisions less relevant for research 
This section provides common provisions that are not necessary to fully understand in order to 

understand the thesis, but are important to fully understand how the preferential origin of goods can 

be determined and how the PRoO differ between FTAs. 

Cumulation 
The European Union (2018b) defines cumulation as follows: “Cumulation is the term used to describe 

a system that allows preferential products of country A to be further processed or added to products 

manufactured in country B, just as if they had been produced in country B. The resulting product 

would have the origin of country B”. In other words, products that originate in country A, can be 

used in country B and are considered as preferential material, which might result in that the PRoO 

are met and the manufactured product obtains a preferential origin. 

There are three mutually exclusive types of cumulation: bilateral, diagonal, and full. Bilateral 

cumulation is the basic type of cumulation, and operates between two parties of the same FTA 

agreement. Diagonal cumulation is similar to bilateral cumulation, but operates among more than 

two parties of an FTA agreement. The product will have the origin where the last processing 

operation took place. There are, however, minimal efforts needed, called minimal operations, which 

is explained in section 2.2.2. Full cumulation is a further stage of economic integration, and states 

that “all stages of processing or transformation of a product within an FTA can be counted as 

qualifying operation in the manufacturing of a preferential good, regardless of whether the 

processing is sufficient to confer originating status [i.e. preferential origin] to the materials 

themselves” (World Customs Organization, 2012). This means that all the work that is required to 

become a preferential product should be performed within the FTA as a whole.  

Principle of territoriality 
This principle means that the manufacturing of the process must be performed within the physical 

borders of the country. It is not allowed to outsource the work to another country. This means that 

it is not allowed to outsource part of the manufacturing process to another country. Failure to comply 

will result in the product being treated as not preferential.  

Direct transport rule and the approved exporter 
To ensure that goods that arrive in the country of import are the same as those which left the country 

of export, the goods must be transported directly between the two countries. It is only allowed to 

have a stop-over or a pass through a third country if the goods remain under customs supervision. 

Moreover, the transportation must be done by an exporter that is approved by the customs 

authorities of the importing country. 

Proof of origin 
In order to receive import duty reduction, a proof of origin should be provided to the customs 

authorities of the country of import. This proof of origin is an administrative document that proves 

that the imported good complies with the rules of origin. The requirements of this document differ 

between FTAs. 
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Appendix C.2 – Origin determination methods 
This section provides commonly used origin calculation methods that are not necessary to fully 

understand in order to understand the thesis. However, they provide insight in how the preferential 

origin can be determined for the different FTAs. 

Incoterms 
The international commercial terms (incoterms) are a series of terms published by the International 

Chamber of Commerce, used to clearly communicate tasks, costs and risks associated with global 

transportation. They are intended to reduce uncertainties and conflicts arising from different 

interpretation of the rules between countries. They are widely used in international trade operations. 

The incoterms are accepted by governments and their legal authorities (International Chamber of 

Commerce, 2010). 

Each incoterm exists of 3 a code of letters which link to a set of rules that define who is responsible 

for transport, who pays for the insurance and who carries the risk. Appendix figure C.1 shows a 

summary of the responsibilities of each of the incoterms. 

 

Appendix figure C.1 Description of Incoterms. Obtained from  

https://www.logisticsplus.net/wp-content/uploads/2015/01/WCA_Incoterms.png at 16-12-2018 
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Cost factors 
Not all costs are included into the origin calculation. The costs that are usually included in the value 

of the produced product (in case of the EU: the ex-works price) are (van de Heetkamp, and Tusveld, 

2011): 

• Direct material costs – Materials that are used in the manufacturing of the goods, such as the 

wood to manufacture chairs. 

• Indirect material costs – Indirect materials are materials that are used in the production but 

do not form the product, such as fuel, energy, tools, safety gear, and catalysts. Also, factory 

rent and interest is included. 

• Direct labor costs – Labor that goes directly into the manufacturing of the product, such as 

operators for machines. 

• Transportation costs – The transportation costs of the goods, between factory and port of 

exportation. In the EU these costs are not included. 

• Royalties – Depending on who receives the royalties, the royalties can be included in the 

calculation.  

• Profit – How much profit can be made is often open for discussion. It is not allowed for an 

exporter to increase the profit margin in order to obtain a preferential product. In the EU, 

the profit cannot be included. 

• Indirect overhead costs – Overhead costs that are not directly related to the production such 

as costs of management and marketing. 

• Packaging – Typically necessary packaging is included, whereas other packaging costs are 

excluded in the price, but this depends on the FTA and its countries involved. 

In most cases, only the direct materials can be considered as not originating or not preferential.  For 

the calculation of the value of not preferential materials, it is usually allowed to exclude the following 

costs: 

• Indirect transportation costs after manufacturing – costs linked to transportation such as 

packaging and insurance. 

• Costs of transportation between borders after manufacturing. 

• Duties, taxes, and other customs fees. 

• Costs of waste and spoilage.  

• Costs of origin materials used in production of not preferential material. 

Build-up versus build-down 
Depending on the agreement, a build-up or build-down method should be used in the calculation of 

what a product has a preferential origin. The build-up method is used most commonly and looks at 

the value of the originating factors (i.e. costs that are considered as preferential as described the 

previous subsection) compared to the final price. An example of a build-up calculation condition is 

‘The economic value of the originating factors combined should be 70% of the final economic value 

of the good’. The build-down method considers the economic value of the not originating factors, for 

example ‘The economic value of the not originating factors combined should not exceed 25% of the 

final economic value of the good’. In most cases, the outcome of a build-down method is closer to 

0% than the build-up threshold is to 100%, since it is harder to gather evidence of costs factors being 

preferential than gather evidence that a product is not preferential and because the build down 

method contains more costs factors that are not included the build-up method. In this thesis, the 

build-down method is used. 
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Accounting segregation 
When identical or indistinguishable materials with a different origin are used for production, 

accounting segregation occurs. It is well described by an example of van de Heetkamp, and Tusveld 

(2011). Consider a boat factory in Germany that makes boats from wood from both Russia (for 600 

boats) and Germany (for 900 boats). 1000 boats will be shipped to Egypt and 500 stay within 

Germany. For the completed boats it is not possible anymore to determine where the wood came 

from. For the boats that are exported to Egypt, if the wood from Russia is used, the boat does not 

have a preferential origin, but it does have a preferential origin if the wood from Germany is used. 

Since the boats that say within Germany are not exported, no import costs have to be paid over the 

boats shipped within Germany, regardless of the wood used.  

Without accounting segregation, it is necessary to know which boats are made from which wood in 

order to apply for import reduction. This would practically mean that there is need for a completely 

separated process between the boats which obtain a preferential origin and the ones that do not 

acquire it. 

With accounting segregation, the boats can become preferential based on the percentage of wood 

from Spain versus Russia. In this case that would mean that 60% (900/1500) of the boats exported to 

Egypt would be preferential, which is 600 boats. Alternatively, in some cases it would be allowed that 

as many boats as possible shipped to Egypt are ‘happen to be made’ from Spanish wood, in this case 

900. Both variants need written approval from authorities, although the first form is more common. 

In order to apply for accounting segregation, a demonstration of unreasonable costs that are incurred 

when the batches have to be kept physically separated. The number of preferential origin claims 

using accounting segregation cannot be higher than the number of claims in a system that physically 

splits the production based on the preferential origin. 

Rolled up or traced 
In most FTAs contracts it is allowed to use rolled up calculation methodology. This means that the 

preferential origin of intermediate good is determined and used to determine whether the final 

product also has a preferential origin.  

As example consider a 3 tier product of Appendix figure C.2 (van de Heetkamp and Tusveld, 2011). 

Country A and B are in an FTA with bilateral cumulation (i.e. materials from both countries are 

considered preferential in the origin calculation). For the Tier 1 product, 65% of the value should be 

from the country of origin (in this case either country A or B due to bilateral cumulation), for Tier 

2a, this should be 60%. 

 

Appendix figure C.2 Rolled up - Traced calculation example (van de Heetkamp & Tusveld, 2011) 

With a traced calculation, each of the original subcomponents is used in the calculation, and the 

calculation is not rounded in between. In this case it means that the components of Tier 3, Tier 2b, 

and Tier 2c are considered. Tier 3-a1, Tier 3-a3, and Tier 2b are made in country A and B, and are 
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therefore considered preferential in the calculation. The others are coming from outside the FTA and 

are considered not preferential in the calculation. Since the combined value the preferential materials 

is $600, and that is lower than the 65% threshold ($650), the final product does not obtain a 

preferential origin.  

If rolled up calculation is allowed, it is possible to first calculate from which country Tier 2a is and 

then use that information to calculate Tier 1. In this case, Tier 2a has a preferential origin since 66% 

is from country A and B. Now that 2a has the status, $700 of the total $1000 has its origin in country 

A and B, and it therefore becomes a preferred product for this FTA. 

In this thesis a traced calculation within the plant is considered. This means that all products that 

are supplied to the plant are the lowest level materials.  

Average over shipments 
Some of the FTAs allow the origin calculation to be performed over multiple shipments, by using the 

average costs and prices of these shipments. This way the FTA provides some flexibility and the 

ability to correct sourcing decisions in situations with changing conditions or uncertainty such as 

fluctuating exchange rates or when different sources of products are used. The timeframe can be up 

to 1 year. 

Transaction value versus Net costs 
In some FTAs, the NRVC threshold is calculated using the net costs, which include only labor and 

material costs. In other FTAs, it is compared to the transaction value, which is the sold price and 

includes net costs, overhead costs and profit. The overhead and profit will always count as 

preferential and therefore the transaction value threshold used in FTAs is normally higher than the 

net costs threshold. 
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APPENDIX D – TRADE AGREEMENTS OF THE EUROPEAN UNION 
This appendix provides some background information of the most important current FTA 

agreements of the EU. 

All members of the European Union, Monaco, and some of the British territories are part of the 

‘European Union Customs Union’ (EUCU). Within this area, no import duties are levied on goods 

traveling within the customs union and all members impose a common external tariff, i.e. the size of 

the import duties levied on products is identical across all members. Once the import duties have 

been paid on products entering the area, the goods can freely circulate amongst the member states. 

Moreover, the European Commission, rather than the individual states, negotiates on international 

trade deals, such as the deals made in the World Trade Organization. Other FTA agreements in 

which the EU is participating may or may not include the non-EU members of the EUCU. If the non-

EU members do not participate in another FTA, it means that if a product is imported preferential 

(i.e. without paying import duties) into the EU, and then further shipped to Monaco or the not 

European British territories, the import duties have to be paid when the product arrives in the not 

EU member’s country. 

The EU, through separate negotiations than with the EUCU, also has bilateral (i.e. individual) custom 

unions with Andorra, San Marino, and Turkey. However, these three countries do not participate in 

the EUCU. The unions with Andorra, San Marino, and Turkey concern all goods types with a few 

exceptions, such as coal, steel or agricultural products, depending on the country (European 

Commision, 2018b).  

The Overseas Countries and Territories of Denmark, France, the Netherlands, and the United 

Kingdom that are not part of the community territory of the EU, have a unilateral (i.e. one-sided) 

trade preference when importing into the EU to promote their economic and social development 

and to establish close economic relations between them and the EU. This means that products can 

be shipped preferential from the territories to the EU, but not the other way around. 

The most intensively used FTA for the EU is the ‘Pan-Euro-Mediterranean cumulation and the PEM 

Convention’. This area has 23 contracting country or country groups which are all located in Europe 

or close to the Mediterranean sea including (but not limited to) the EU, Switzerland, Norway, 

Iceland, Egypt, Israel, Morocco, Albania, and Moldova (European Commision, 2018b). This area is 

not only important for the trade interests for the countries, but also plays a major role in the stability 

of the region. 

Other important FTA agreements are the ones with the countries of the ‘Africa, Caribbean and 

Pacific’ (ACP) and countries such as Canada, Mexico, South Africa, South Korea, and Chili. The EU 

also finalized a trade agreement negotiation with Japan, but this is not signed by each of the member 

states yet and is therefore not put into action yet. Moreover, the EU is negotiating a trade deal with 

the Mercosur states – Argentina, Brazil, Paraguay, and Uruguay (European Commision, 2018b). 

Next to the custom unions and the free trade areas, the European Union also makes exceptions on 

the most favored nation principle of the Word Trade Organization (i.e. import duties are identical 

independent of the exporting country) for developing countries. The list rules of importing from 

these countries are not negotiated or agreed on by the developing countries and are nonreciprocal 

(i.e. given only one-sided). Most developing countries obtain the ‘Everything But Arms’ status from 

the EU, meaning that their products are granted a duty-free access for almost all their exports. 

The EU has no trade agreements with powerful countries such as The United States, China, Russia, 

and Australia. 
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APPENDIX E – LIST OF EU’S FREE TRADE AREAS 
# Country (group) name Abbrivation 
1 Albania AL 

2 Algeria DZ 

3 Andean-countries (Colombia, Peru, Ecuador) CO, PE, EC  

4 Bosnia-Hercegovina, Kosovo, Moldavia, Georgia BA, XK, MD, GE 

5 Cariforum / ESA-EPO-states / Pacific-states  
(f.e. Fiji, Comoros, Madagascar, Mauritius, Papua New Guinea, 
Seychelles, Zambia, Zimbabwe) 

f.e. FJ, KM, MG, MU, PG, SC, 
ZM, ZW 

6 Central America (Costa rica, Guatemala, Honduras, Nicaragua, 
Panama, El Salvador) 

CR, GT, HN, NI, PA, SV 

7 Chile CL 

8 EEA (Iceland, Liechtenstein, Norway) IS, LI, NO  

9 Egypt EG 

10 Israël IL 

11 Ivory Coast  CI 

12 Jordan JO 

13 Lebanon LB 

14 Macedonia MK 

15 Mexico MX 

16 Montenegro ME 

17 Morocco MA 

18 Serbia CS/RS/XS 

19 South Africa Development Community (South Africa, Botswana, 
Lesotho, Mozambique, Nambia and Swaziland) 

ZA, BW, LS, MZ, NA, SZ 

20 South Korea KR 

21 Switzerland CH 

22 Tunisia TN 

23 Ukraine UA 

Appendix table E.1 List of FTA countries (or country groups) that have rules that have the same rules as presented 
in this thesis. Bold names are country groups or have multiple common abbreviations. 

# Country (group) name Abbrivation Reasong for excluding 

1 Canada CA No import duties for FTA’s in 
scope and very different rules 

2 Central – Africa (Camaroon) CM No PRoO found 

3 Faroe Islands* FO No PRoO found 

4 Ceuta and Melilla* XC, XL No PRoO found 

5 Syria SY FTA suspended since 2011 (due to 
war) 

6 Oversees Countries and Territories of the EU  
(f.e. Antarctica, Aruba, Bermuda and Greenland)  

f.e. AQ, AW, 
BM, GL 

- 

Appendix table E.2 List of the EU’s FTA countries that have other list rule types than the in this thesis presented 

models and are therefore explicitly excluded from the scope of this thesis. 
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APPENDIX F – ORIGINAL RESEARCH QUESTION 3 AND 4 
This appendix provides RQ 3 and RQ 4 as provided in the original research proposal. Due to 

insufficient customer data, these research questions have not been answered.  

Research question 3 – Combining models from RQ1 and RQ2 
The third research question considers one product type that is manufactured by Dow and shipped 

to Tier 1 customers in the FTAs, Ro and EU, and Tier 2 customers which buy products from Dow’s 

Tier 1 customers in the EU. This is a combination of the settings of RQ1 and RQ2. 

RQ 3. How does the preferential origin of the by Dow purchased materials used in the manufacturing 

of one product influence the supply chain costs of Dow until the product reaches the customers’ 

country (including transportation costs and import duties) for Tier 1  customers in FTAs and 

RoW and Tier 2 customers which buy products from Tier 1 customers in the EU? 

The situation is displayed in Appendix figure F.1. The black boxes and lines in the figure represent 

the setting of RQ1 and the red boxes and lines represent the setting of RQ2.  

 

Appendix figure F.1 Setting of research question 3 – Dow ships to tier 1 customers in the EU, FTAs and RoW. Tier 
1 customer in the EU further manufactures Dow’s product and ships to tier 2 customers in EU, FTAs and RoW. 

Research Question 4 – One common material type 
The fourth research question of this thesis considers the setting of RQ 3 of multiple products at the 

same time, where the products are manufactured from a common material type. The purchasing of 

the common material type applies for all these products. This is illustrated in Appendix figure F.2. 

The research question is formulated as follows: 

4. How does the preferential origin of one purchased raw material used in the manufacturing of 

multiple products influence the supply chain costs of Dow until the product reaches the 

customers’ countries (including transportation costs and import duties) for Tier 1  customers 

in FTAs and RoW and Tier 2 customers which buy products from Tier 1 customers in the EU? 
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Appendix figure F.2 Setting of research question 4 - Dow ships multiple products with a common material type to tier 1 
customers in the EU, FTAs and RoW. Tier 1 customer in the EU further manufactures Dow’s product and ships to tier 2 

customers in EU, FTAs and RoW. 
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APPENDIX G – SUMMARY OF THE RULES OF ORIGIN OF FREE TRADE AREAS IN SCOPE 
 

Heading Most common rules Israel  Colombia, Peru, and Ecuador  Tunisia and Morocco South Korea 

2707, 2711 1 OR 5 (x = 50%) See most common rules See most common rules See most common rules 3 

2901, 2902 1 OR 5 (x = 50%) See most common rules See most common rules See most common rules 5 (x = 20%) OR  
7 (z = 50%) 

2903, 2909, 
2910 

5 (x = 20%) OR  
7 (z = 40%) 

See most common rules 5 (x = 20%) OR 7 (z = 50%) 5 (x = 20%)  5 (x = 20%) OR  
7 (z = 50%) 

3901, 3906, 
3909, 3914 

(7 (z = 50%)a AND 6 (y = 20%))  
OR 7 (z = 25%) 

See most common rules 4 OR 7 (z = 50%) 7 (z = 50%)a AND  
6 (y = 20%) 

4 OR 7 (z = 25%) 

3907 5 (x = 50%)b 

 
6 (y = 20%) OR 2c 

5 (x = 50%)b 4 OR 7 (z = 50%)b 

 
7 (z = 50%) OR 5 (x = 20%) OR 2c 

5 (x = 50%)b 3d 
 
4 OR 7 (z = 25%)e 

3912 5 (x = 20%) (7 (z = 50%)a AND 6 (y = 20%))  
OR 7 (z = 25%) 

4 OR 7 (z = 50%) 7 (z = 50%)a AND  
6 (y = 20%) 

4 OR 7 (z = 25%) 

Appendix table G.1 Overview of the rules of origin for all by the company used FTAs and the most common HS headings. 
1 = “Undergone a specific working”  
2 = “is manufactured from ‘polycarbonate of tetrabromo-(bisphenol A).” 
3 = “Manufactured from any heading” (i.e. this product is always preferential) 

4 = “Manufactured from any heading, except that from the product” 
5 = “Consist of less than ‘x’% of its ex-works price of materials from the same heading as the manufactured product that are either not preferential or not made in the EU” 
6 = “Consist of less than ‘y’% of its ex-works price of materials from the same chapter as the manufactured product that are either not preferential or not made in the EU” 
7 = “Consist of less than ‘z’% of its ex-works price of materials that are either not preferential or not made in the EU” 
a This rule only applies when the product is classified as an “Addition homopolymerisation product in which a single monomer contributes more than 99% by weight to the total 
polymer content”. In other cases, this rule does not apply. 
b For products that are classified as: “Copolymer, made from polycarmonate and acrylonitrile-butadiene-styrene copolymer (ABS) 
c For products that are classified as “Polyester” 
d For products of HS subheading 390720, 390730, 390740 and 390791 
e For products of HS heading 3907 excluding subheadings 390720, 390730, 390740 and 390791
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APPENDIX H – MATHEMATICAL NOTATINO OVERVIEW 
This appendix gives an overview of the used notation for the MILPs and algorithm presented in this 

thesis.  

Research question 1 

Indices and Sets 
𝐼𝑛𝑑𝑖𝑐𝑒𝑠 
𝑓 ∈  𝐹, 𝐹𝑝

𝑑𝑜𝑚 = Firm (Dow :=  𝑓0) 

𝑝 ∈ 𝐺, 𝐺𝑝𝑟𝑜𝑑 = Product, i.e. a good which is outcome of a production process (Dow's product := 𝑝0) 
𝑚 ∈ 𝐺,𝐺𝑣

𝑟𝑒𝑞  = Material version, i.e. a good required in production of a product   
𝑣 ∈ 𝑉𝑝  = configuration for the manufacturing of product 𝑝 (𝑝0's  configuration ≔ 𝑣0) 

𝑛 ∈  𝑁, 𝑁𝑑𝑜𝑚, 𝑁𝐹𝑇𝐴 ,𝑁𝑅𝑜𝑊  = Country (Dow’s country ∶= 𝑛0) 
𝑠 ∈ 𝑆𝑓𝑝𝑛 = shipment of products 
𝑖 = Preferential Rule of Origin number 𝑖 ∈ {1, 2,… , 8} as described in table 6.1  
𝑗 = component of rule 𝑖 for ´AND  ́type list rules. Only important when 𝑖 = 7.  𝑗 ∈ {1,2} 

   
𝑆𝑒𝑡𝑠 

𝐺,𝐺𝑓
𝑝𝑟𝑜𝑑 , 𝐺𝑣

𝑟𝑒𝑞  = 
Set of goods, set of products of company 𝑓, set of materials required  in production 
 using configuration 𝑣.  

𝑁,𝑁𝑑𝑜𝑚,𝑁𝐹𝑇𝐴 , 𝑁𝑅𝑜𝑊 = Set of countries, set of domestic countries, set of FTA countries, set of RoW countries 
𝑉𝑝 = Set of configurations for product 𝑝 
𝑆𝑓𝑝𝑛 = Set of shipments of product 𝑝 to customer 𝑓 in country 𝑛 

𝐹𝑑𝑜𝑚,𝐹𝑝
𝑑𝑜𝑚 = 

Set of firms within the domestic market, Set of (potential) domestic customers that  
might purchase product 𝑝 for further manufacturing 

Equation (7.1) 
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 

𝑞𝑓𝑝𝑝𝑣𝑚
𝑚𝑎𝑛  = Quantity of material version 𝑚 required per unit of 𝑝 when produced using to configuration 𝑣 

𝐶𝑓𝑚
𝑚𝑎𝑡 = Unit material version costs per unit of material version 𝑚 for firm 𝑓 

𝐶𝑓𝑝𝑣
𝑚𝑎𝑛   = 

Configuration manufacturing costs per unit of product version 𝑝 manufactured 

 using configuration 𝑣 by firm 𝑓 

𝐶𝑓𝑝𝑣
ℎ,𝑓𝑖𝑥 = Fixed conversion costs per unit of product version  𝑝 according to configuration 𝑣 for firm 𝑓 

𝐶𝑓𝑝𝑣
ℎ,𝑣𝑎𝑟 = Variable conversion costs per unit of product  version 𝑝 according to configuration 𝑣 for firm 𝑓 

MILP 1 
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 

𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛  = Quantity of material version 𝑚 required per unit of 𝑝 when produced using configuration 𝑣 

𝐶𝑓𝑚
𝑚𝑎𝑡 = Unit material version costs per unit of material version 𝑚 for firm 𝑓 

𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 = 

Configuration manufacturing costs per unit of product version 𝑝 manufactured 

 using configuration 𝑣 by firm 𝑓 

𝛼𝑝𝑚𝑖𝑗  = {
1 if material version 𝑚 meets the criteria set in rule type 𝑖 component 𝑗  for product 𝑝
0 if material version 𝑚 does not meet the criteria set in rule type 𝑖 component 𝑗 for product 𝑝

 

Φ𝑝𝑛𝑖𝑗  = 

𝑁𝑅VC percentage of component 𝑗  of rule  𝑖 for FTA country 𝑛 for product version 𝑝, i.e. the  
maximum allowed percentage of not preferential materials in manufacturing
Φ𝑝𝑛𝑖1 = 0 if rule type 𝑖 does not apply for product version 𝑝 for FTA country 𝑛

 

𝑀 = A sufficiently large number 

𝑧𝑓𝑝𝑣𝑛𝑖  (𝑖 = {1,2}) = {
1 if product 𝑝 produced using conf. 𝑣 complies to rule type 𝑖 for country 𝑛 for firm 𝑓
0 if product 𝑝 produced using conf. 𝑣 does not comply to rule type 𝑖 for country 𝑛 for firm 𝑓
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𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 

𝑦𝑓𝑝𝑣𝑛  = {
1 if product version 𝑝  produced using conf. 𝑣 is preferential for FTA country 𝑛  for firm 𝑓
0 if product version 𝑝 produced using conf. 𝑣 is NOT preferential for FTA country 𝑛 for firm 𝑓

 

𝑧𝑓𝑝𝑣𝑛𝑖 (𝑖 = {3,… ,8}) = {
1 if product 𝑝 produced using conf. 𝑣 complies to rule type 𝑖 for country 𝑛 for firm 𝑓
0 if product 𝑝 produced using conf. 𝑣 does not comply to rule type 𝑖 for country 𝑛 for firm 𝑓

 

MILP 2 
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 

𝑞𝑝𝑠 = Quantity of product version 𝑝 in shipment 𝑠 

𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛  = Quantity of material version 𝑚 required per unit of 𝑝 when produced using to configuration 𝑣 

𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 = 

Configuration manufacturing costs per unit of product version 𝑝 manufactured 

 using configuration 𝑣 by firm 𝑓 

𝐶𝑝𝑠
𝑡  = Transportation costs of shipment 𝑠 consisting product version 𝑝 

𝑇𝑝𝑛𝑠 = Tariff that has to be paid over one unit of product version 𝑝 when exported to country 𝑛 in shipment 𝑠 

𝑇𝑚𝑛0 = Tariff that is paid over one unit of material version 𝑚 when imported to country 𝑛0 (domestic market) 

𝜔𝑓𝑚 = {
1 if material version 𝑚 qualifies for duty drawback for firm 𝑓 
0 if material version 𝑚 does NOT qualify for duty drawback for firm 𝑓

 

𝑦𝑓𝑝𝑣𝑛  = {
1 if product version 𝑝  produced using conf. 𝑣 is preferential for FTA country 𝑛  for firm 𝑓
0 if product version 𝑝 produced using conf. 𝑣 is NOT preferential for FTA country 𝑛 for firm 𝑓

 

   
𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠   

𝑥𝑓𝑝𝑣 = {
1 if configuration 𝑣 is selected as costs minimizing configuration for product version 𝑝 at firm 𝑓
0 if configuration 𝑣 is not selected as costs minimizing configuration for product version 𝑝 at firm 𝑓

 

𝐶𝑓𝑝
𝑚𝑎𝑛 = Configuration manufacturing costs of the selected configuration per unit of product version  𝑝 at firm f 

𝐶𝑓𝑝𝑛𝑠
𝑑𝑢𝑡𝑦 = Total duty costs of shipping per unit of product version 𝑝 to country 𝑛 for firm 𝑓 in shipement 𝑠 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑝𝑜𝑡 = Potential IPR savings of shipping one unit of product version 𝑝 to country 𝑛 for firm 𝑓  

𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡 = Missed IPR savings due to shipping product version 𝑝 preferential to country  𝑛 for firm 𝑓 

Algorithm 1 
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠  

𝐶𝑓𝑝𝑣
𝑡𝑚𝑎𝑛 = Total manufacturing costs of all produced units of product unit 𝑝 using configuration 𝑣 at firm 𝑓 

𝐶𝑓𝑝𝑣
𝑡𝑑𝑢𝑡𝑦 = Total duty costs paid over all exported units of product version 𝑝 made using configuration 𝑣 at firm 𝑓 

𝐼𝑃𝑅𝑓𝑝𝑣
𝑡𝑝𝑜𝑡 = Total potential IPR savings over all exported units of product version 𝑝 using configuration 𝑣 at firm 𝑓 

𝐼𝑃𝑅𝑓𝑝𝑣
𝑡𝑙𝑜𝑠𝑡 = Total IRP savings lost over all exported units of product version 𝑝 made using configuration 𝑣 at firm 𝑓 

𝐶𝑓𝑝𝑣
𝑡𝑐𝑏𝑠  = Total costs before shipping of all units of product version 𝑝 made using configuration 𝑣 at firm 𝑓 

𝐶𝑓𝑝𝑣
𝑡𝑐𝑜𝑛𝑓 = total costs of all units of product version 𝑝 made using configuration 𝑣 at firm 𝑓 

𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 = 

Configuration manufacturing costs per unit of product version 𝑝 manufactured 

 using configuration 𝑣 by firm 𝑓 

𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑝𝑜𝑡  = Potential IPR savings of shipping one unit of product version 𝑝 made using conf. 𝑣 to country 𝑛 for firm 𝑓  

𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛  = Quantity of material version 𝑚 required per unit of 𝑝 when produced using to configuration 𝑣 

𝑞𝑝𝑠 = Quantity of product version 𝑝 in shipment 𝑠 

𝐶𝑓𝑝𝑣
ℎ,𝑓𝑖𝑥 = Fixed conversion costs per unit of product version  𝑝 according to configuration 𝑣 for firm 𝑓 
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𝐶𝑓𝑝𝑣
ℎ,𝑣𝑎𝑟 = Variable conversion costs per unit of product  version 𝑝 according to configuration 𝑣 for firm 𝑓 

𝑇𝑝𝑛𝑠 = Tariff that has to be paid over one unit of product version 𝑝 when exported to country 𝑛 in shipment 𝑠 

𝑇𝑚𝑛0 = Tariff that is paid over one unit of material version 𝑚 when imported to country 𝑛0 (domestic market) 

𝜔𝑓𝑚 = {
1 if material version 𝑚 qualifies for duty drawback for firm 𝑓 
0 if material version 𝑚 does not qualify for duty drawback for firm 𝑓

 

𝑦𝑓𝑝𝑣𝑛 = {
1 if product version 𝑝  produced using conf. 𝑣 is preferential for FTA country 𝑛  for firm 𝑓
0 if product version 𝑝 produced using conf. 𝑣 is NOT preferential for FTA country 𝑛 for firm 𝑓

 

Research question 2 

Additional Indices and sets 
𝐼𝑛𝑑𝑖𝑐𝑒𝑠 
𝑓0 , 𝑝0 , 𝑣0 = Dow, Dow's product version, configuration of Dow's product 

𝑓1 , 𝑝1 , 𝑣1 = 
Dow's potential customer, product of Dow's potential customer, configuration 
of product of Dow’s potential customer 

𝑓, 𝑝, 𝑣 = undefined firm, product version and configuration 
   
𝑆𝑒𝑡𝑠   

𝐺𝑝0𝑓1
𝑐𝑜𝑛𝑡  = 

Set of products of company 𝑓1 which have at least one configuration containing product  
version 𝑝0. 

𝑉𝑝1
𝑝0 = Set of configurations for product 𝑝1 , that contain product version 𝑝0 as a material 

𝐹𝑝0
𝑑𝑜𝑚 = 

Set of (potential) domestic customers that might purchase product  version 
𝑝0 for further manufacturing 

MILP 3 
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 

𝑞𝑝0𝑓1𝑝1  = Quantity of product version 𝑝0 used in production of 𝑝1 at potential customer 𝑓1 

𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛  = Quantity of material version 𝑚 required per unit of 𝑝 when produced using configuration 𝑣 

𝐶𝑓𝑝𝑣
ℎ,𝑓𝑖𝑥 = Fixed conversion costs per unit of product version  𝑝 according to configuration 𝑣 for firm 𝑓 

𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒 = Sales price of product version 𝑝0 to customer 𝑓1 

𝐶𝑝1𝑠
𝑡  = Transportation costs of shipment 𝑠 consisting product version 𝑝1 

𝜓𝑣0𝑓1𝑝1 = {
1 if customer 𝑓1 uses 𝑝0 in the manufacturing of product 𝑝1 given 𝑝0 is made using 𝑣0
0 if customer 𝑓1 does not use 𝑝0 in the manufacturing of product 𝑝1 given 𝑝0 is made using 𝑣0

 

   

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠   

𝑥𝑓𝑝𝑣 = {
1 if configuration 𝑣 is selected as costs minimizing configuration for product version 𝑝 at firm 𝑓
0 if configuration 𝑣 is not selected as costs minimizing configuration for product version 𝑝 at firm 𝑓

 

𝐶𝑓𝑝
𝑚𝑎𝑛 = Configuration manufacturing costs of the selected configuration per unit of product version  𝑝 at firm f 

𝐶𝑓𝑝
ℎ,𝑓𝑖𝑥 = The fixed costs for product version 𝑝 manufactured at company 𝑓 

𝜓𝑓1𝑝1 = {
1 if customer 𝑓1 uses product version 𝑝0 in the manufacturing of product version 𝑝1 
0 if customer 𝑓1 does not use product version 𝑝0 in the manufacturing of product version 𝑝1

 

 

MILP 4 
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 

𝑞𝑝0𝑓1𝑝1  = Quantity of product version 𝑝0 used in production of 𝑝1 at potential customer 𝑓1 

𝑞𝑝1𝑠 = Quantity of product version 𝑝1 in shipment 𝑠 
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𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛  = Quantity of material version 𝑚 required per unit of 𝑝 when produced using configuration 𝑣 

𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 = 

Configuration manufacturing costs per unit of product version 𝑝 manufactured 

 using configuration 𝑣 by firm 𝑓 

𝐶𝑓𝑝𝑣
ℎ,𝑓𝑖𝑥 = Fixed conversion costs per unit of product version  𝑝 according to configuration 𝑣 for firm 𝑓 

𝐶𝑝1𝑠
𝑡  = Transportation costs of shipment 𝑠 consisting product version 𝑝1 

𝑇𝑚𝑛0 = Tariff that is paid over one unit of material version 𝑚 when imported to country 𝑛0 (domestic market) 

𝜔𝑓𝑚 = {
1 if material version 𝑚 qualifies for duty drawback for firm 𝑓 
0 if material version 𝑚 does NOT qualify for duty drawback for firm 𝑓

 

𝑦𝑓𝑝𝑣𝑛 = 
{
1 if product version 𝑝  produced using conf. 𝑣 is preferential for FTA country 𝑛  for firm 𝑓
0 if product version 𝑝 produced using conf. 𝑣 is NOT preferential for FTA country 𝑛 for firm 𝑓

 

   

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠   

𝑥𝑓𝑝𝑣 = {
1 if configuration 𝑣 is selected as costs minimizing configuration for product version 𝑝 at firm 𝑓
0 if configuration 𝑣 is not selected as costs minimizing configuration for product version 𝑝 at firm 𝑓

 

𝐶𝑓𝑝
𝑚𝑎𝑛 = Configuration manufacturing costs of the selected configuration per unit of product version  𝑝 at firm f 

𝐶𝑓𝑝𝑛𝑠
𝑑𝑢𝑡𝑦 = Total duty costs of shipping per unit of product version 𝑝 to country 𝑛 for firm 𝑓 in shipement 𝑠 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑝𝑜𝑡 = Potential IPR savings of shipping one unit of product version 𝑝 to country 𝑛 for firm 𝑓  

𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡 = Missed IPR savings due to shipping product version 𝑝 preferential to country  𝑛 for firm 𝑓 

𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡  = Total costs of product version 𝑝1 at customer 𝑓1 including Dow's costs, when 𝑝0 is made using 𝑣0 

𝜓𝑓1𝑝1 = {
1 if customer 𝑓1 uses product version 𝑝0 in the manufacturing of product version 𝑝1 
0 if customer 𝑓1 does not use product version 𝑝0 in the manufacturing of product version 𝑝1

 

MILP 5 
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 

𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡  = total costs of product version 𝑝1 at customer 𝑓1 including Dow's costs, when 𝑝0 is made using 𝑣0 

   

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠   

𝑥𝑓𝑝𝑣 = {
1 if configuration 𝑣 is selected as costs minimizing configuration for product version 𝑝 at firm 𝑓
0 if configuration 𝑣 is not selected as costs minimizing configuration for product version 𝑝 at firm 𝑓

 

𝐶𝑓1𝑝1
𝑡𝑜𝑡  = total costs of product version 𝑝1 at customer 𝑓1 including Dow's costs 

MILP 6 
𝐼𝑛𝑑𝑖𝑐𝑒𝑠 
𝑒 = event, state where the game is located in. 

   
𝑆𝑒𝑡𝑠   

𝐸𝑓1𝑝1 = Set of events 𝑒 for product 𝑝1 at customer 𝑓1 

 
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 

𝑞𝑝0𝑓1𝑝1  = Quantity of product version 𝑝0 used in production of 𝑝1 at potential customer 𝑓1 

𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛  = Quantity of material version 𝑚 required per unit of 𝑝 when produced using configuration 𝑣 

𝐶𝑓𝑝𝑣
ℎ,𝑓𝑖𝑥 = Fixed conversion costs per unit of product version  𝑝 according to configuration 𝑣 for firm 𝑓 

𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒 = Sales price of product version 𝑝0 to customer 𝑓1 

𝐶𝑝1𝑠
𝑡  = Transportation costs of shipment 𝑠 consisting product version 𝑝1 
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𝜓𝑣0𝑓1𝑝1𝑒 = {
1 if customer 𝑓1 uses 𝑝0 in the manufacturing of product 𝑝1 given 𝑝0 is made using 𝑣0 in event 𝑒
0 if customer 𝑓1 does not use 𝑝0 in the manufacturing of product 𝑝1 given 𝑝0 is made using 𝑣0 in event 𝑒

 

𝑃𝑓1𝑝1𝑒 = Chance that firm 𝑓1 is in event 𝑒 for product version 𝑝1 

   

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠   

𝑥𝑓𝑝𝑣 = {
1 if configuration 𝑣 is selected as costs minimizing configuration for product version 𝑝 at firm 𝑓
0 if configuration 𝑣 is not selected as costs minimizing configuration for product version 𝑝 at firm 𝑓

 

𝐶𝑓𝑝
𝑚𝑎𝑛 = Configuration manufacturing costs of the selected configuration per unit of product version  𝑝 at firm 𝑓 

𝐶𝑓𝑝
ℎ,𝑓𝑖𝑥 = The fixed costs for product version 𝑝 manufactured at company 𝑓 

𝜓𝑓1𝑝1𝑒 = {
1 if customer 𝑓1 uses product version 𝑝0 in the manufacturing of product 𝑝1 in event 𝑒
0 if customer 𝑓1 does not use product version 𝑝0 in the manufacturing of product 𝑝1 in event 𝑒

 

Alternative Research Question 3 

Additional Indices and sets 
𝐼𝑛𝑑𝑖𝑐𝑒𝑠 
𝑚0 = material version of the material type 0 

   
𝑆𝑒𝑡𝑠 

𝐺0
𝑡𝑦𝑝𝑒 = Set of materials versions of the common material type 0 

𝐺0𝑓
𝑐𝑜𝑛𝑡 = Set of goods produced at firm 𝑓 that have at least one configuration containing material type 0 

𝑉𝑝
0 = Set of configurations for product version 𝑝 that contain a material version of material type 0 

MILP 7 
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 

𝑞𝑝𝑠 = Quantity of product version 𝑝 in shipment 𝑠 

𝑞𝑓𝑝𝑣𝑚
𝑚𝑎𝑛  = Quantity of material version 𝑚 required per unit of 𝑝 when produced using to configuration 𝑣 

𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 = 

Configuration manufacturing costs per unit of product version 𝑝 manufactured 

 using configuration 𝑣 by firm 𝑓 

𝐶𝑝𝑠
𝑡  = Transportation costs of shipment 𝑠 consisting product version 𝑝 

𝑇𝑝𝑛𝑠 = Tariff that has to be paid over one unit of product version 𝑝 when exported to country 𝑛 in shipment 𝑠 

𝑇𝑚𝑛0 = Tariff that is paid over one unit of material version 𝑚 when imported to country 𝑛0 (domestic market) 

𝜔𝑓𝑚 = {
1 if material version 𝑚 qualifies for duty drawback for firm 𝑓 
0 if material version 𝑚 does NOT qualify for duty drawback for firm 𝑓

 

𝑦𝑓𝑝𝑣𝑛  = {
1 if product version 𝑝  produced using conf. 𝑣 is preferential for FTA country 𝑛  for firm 𝑓
0 if product version 𝑝 produced using conf. 𝑣 is NOT preferential for FTA country 𝑛 for firm 𝑓

 

   
𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠   

𝑥𝑓𝑝𝑣 = {
1 if configuration 𝑣 is selected as costs minimizing configuration for product 𝑝 at firm 𝑓
0 if configuration 𝑣 is not selected as costs minimizing configuration for product 𝑝 at firm 𝑓

 

𝜒𝑓𝑚0
 = Decision whether material  version 𝑚0 is purchased at firm 𝑓 

𝐶𝑓𝑝
𝑚𝑎𝑛 = Configuration manufacturing costs of the selected configuration per unit of product version  𝑝 at firm f 

𝐶𝑓𝑝𝑛𝑠
𝑑𝑢𝑡𝑦 = Total duty costs of shipping per unit of product version 𝑝 to country 𝑛 for firm 𝑓 in shipement 𝑠 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑝𝑜𝑡 = Potential IPR savings of shipping one unit of product version 𝑝 to country 𝑛 for firm 𝑓  

𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡 = Missed IPR savings due to shipping product version 𝑝 preferential to country  𝑛 for firm 𝑓 
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APPENDIX I – STYLIZED EXAMPLES ON APPLYING THE MODELS 
This appendix introduces examples to clarify the equations, MILPs, algorithm and solution schemes. 

Example 5 is a stylized example for RQ 1. Example 6 is an example of RQ 2 which is solved with a 

non-cooperative approach in appendix section I.2.2 and is solved using a cooperative approach in 

appendix section I.2.3. Example 7 is an example that proves that having full information result in 

significantly lower costs than having imperfect information. Example 8 is an example for RQ 3. 

Appendix I.1 - Example 5 – Research Question 1 
The methodology of solving RQ 1 is clarified using a stylized example in this chapter. This example, 

which is referred to as example 5. First the example is introduced. This is followed by calculating the 

manufacturing costs of each configuration using equation (7.1) in example 5.1 and determining 

whether a preferential product would be produced for each configuration in example 5.2. Next, the 

IPR savings and duty costs are calculated for each configuration in example 5.3, followed by 

determining the cheapest configuration and associated costs using MILP 2 in example 5.4 and using 

Algorithm 1 in example 5.5. 

Introduction of example 1 

This example builds forward on example 2 of section 2.2. In this example, product A was made from 

goods types B to F, where intermediate goods type C is made from goods types D, E and F. Product 

A is a product which has HS code 3901 and falls in product category “Addition homopolymerisation 

products in which a single monomer contributes more than 99% by weight to the total polymer 

content”. 

Product A is sold to customers within the 

EU, in Switzerland, in Algeria and the 

RoW. In total 1000 units (of 1000 kg each) 

are expected to be sold, respectively 450, 

250, 100 and 200 units in the domestic 

market, Algeria (𝑛 = 1),  Switzerland (𝑛 =

2), and the RoW. Each market is served in 

one shipment, bringing €1.000, €1.300, € 

900 and €2.700 of transportation costs.  

There is only one BOM for this product, 

which is displayed in appendix figure I.1. 

As can seen from this figure, 300 kg of 

product D, 40 kg of goods type E and 10 kg 

of goods type F is required to create 350 kg 

of goods type C. Combining 350kg of goods type C with 650 kg of goods type B will create 1000 kg of 

product A. Goods types C and D have a HS heading 3901 and goods types B, E and F have different 

HS headings.  

The preference calculation is performed traced, which means that the preferential origin of 

intermediate material types (Goods type C in this case) is not taken into account. This means that 

the preference is calculated over goods types in the grey blocks. 

Dow can purchase both goods type B and D at four different places, while they do not have more 

than one option for goods types E and F. The material costs per kg of goods version and whether the 

material versions are preferential for Algeria and Switzerland is provided in appendix table I.1. 

 

Appendix figure I.1 Bill of Material of product A 
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Goods 
type 

Goods 
version 

Material price 
per kg 

Preferential 
for Algeria 

Preferential 
for 
Switzerland 

B B1 €0,900 No No 
 B2 €0,905 Yes No 
 B3 €0,910 No Yes 
 B4 €0,920 Yes Yes 
     

D D1 €0,810 No No 
 D2 €0,820 Yes No 
 D3 €0,850 No Yes 
 D4 €0,860 Yes Yes 
 

    

E E1 € 2,000 No No 
 

    

F F1 €1,700 Yes Yes 
Appendix table I.1 Summary of material versions 

This leads to the following 16 configurations: 

Configuration Material versions  Configuration Material versions 
1 B1 D1 E1 F1  9 B1 D3 E1 F1 
2 B2 D1 E1 F1  10 B2 D3 E1 F1 
3 B3 D1 E1 F1  11 B3 D3 E1 F1 
4 B4 D1 E1 F1  12 B4 D3 E1 F1 
5 B1 D2 E1 F1  13 B1 D4 E1 F1 
6 B2 D2 E1 F1  14 B2 D4 E1 F1 
7 B3 D2 E1 F1  15 B3 D4 E1 F1 
8 B4 D2 E1 F1  16 B4 D4 E1 F1 

Appendix table I.2 All configurations 

Goods version E1 qualifies for IPR. A duty rate of 3,6% has been paid over it, which is a total of €0,072 

per kg. 

Example 5.1 – Equation (7.1) – Calculate manufacturing costs 
For each of the configurations the configuration manufacturing costs can be calculated. Consider 

configuration 𝑣 = 11. Here, the configuration manufacturing costs can be calculated as follows: 

𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 ∶=  650 ∙ 0,91+ 300 ∙ 0,85+ 40 ∙ 2+ 10 ∙ 1,7+ 40+ 15 = 998,50 

The manufacturing costs for all other configurations is given in the following table: 

𝒗 𝑪𝒇𝒑𝒗
𝒎𝒂𝒏  𝒗 𝑪𝒇𝒑𝒗

𝒎𝒂𝒏  𝒗 𝑪𝒇𝒑𝒗
𝒎𝒂𝒏  𝒗 𝑪𝒇𝒑𝒗

𝒎𝒂𝒏 

1 €   980,00  5 €   983,00  9 €   992,00  13 €   995,00 
2 €   983,25  6 €   986,25  10 €   995,25  14 €   998,25 
3 €   986,50  7 €   989,50  11 €   998,50  15 € 1001,50 
4 €   993,00  8 €   996,00  12 € 1005,00  16 € 1008,00 

Appendix table I.3 Manufacturing costs for all configurations 

Example 5.2 – MILP 1 – Preferential Origin 
The list rules for product A are identical between Algeria and Switzerland and state: 

For a manufactured product to qualify for a preferential origin, the product must either: 

1. Consist of less than 50% of its ex-works price of materials from the same chapter as the 

manufactured product that are either not preferential or not made in the EU AND Consist of 

less than 20% of its ex-works price of materials that are either not preferential or not made in 

the EU or; 

2. Consist of less than 25% of its ex-works price of materials that are either not preferential or not 

made in the EU. 
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This means that for these two FTA countries (𝑛 ∈ {1,2} Φ𝑝𝑛𝑖1 = 0  ∀𝑖 ∈ {3,… ,6}, Φ𝑝𝑛71= 0.25, 

Φ𝑝𝑛81 = 0,5 and Φ𝑝𝑛82 = 0,2. 𝛼𝑝𝑚𝑖𝑗 can be deducted from the HS headings of the product. When 

(𝑖, 𝑗) ∈ {(4,1), (5,1)}, 𝛼𝑝𝑚𝑖𝑗 = 1 if product version 𝑚 has the same HS heading as product version 𝑝. 

For (𝑖, 𝑗) ∈ {(6,1), (8,1)}, 𝛼𝑝𝑚𝑖𝑗 = 1 if product version 𝑚 has the same HS chapter as product version 

𝑝. For (𝑖, 𝑗) ∈ {(7,1), (8,2)}, 𝛼𝑝𝑚𝑖𝑗= 1 for all material versions. For this example, this is provided in 

Appendix table I.4. 

𝜶𝒑𝒎𝒊𝒋 (𝑖, 𝑗) ∈ {(4,1),(5,1)} (𝑖, 𝑗) ∈ {(6,1), (8,1)} (𝑖, 𝑗) ∈ {(7,1), (8,2)} 

𝑚 ∈ {𝐵1,𝐵2,𝐵3,𝐵4} 0 0 1 
𝑚 ∈ {𝐷1,𝐷2,𝐷3,𝐷4} 1 1 1 
𝑚 = 𝐸1 0 0 1 
𝑚 = 𝐹1 0 0 1 

Appendix table I.4 Summary of αpmij 

In this section configuration 11 will be further explained as example. To solve MILP 1 for Algeria (𝑛 =

1) and configuration 𝑣 = 11, first each 𝑧𝑓𝑝𝑣𝑛𝑖 is solved for all 𝑖 ∈ {3,… ,8}. 𝑧𝑓𝑝𝑣𝑛𝑖 = 0 for all 𝑖 ∈

{3,… , 6}, since Φ𝑝𝑛𝑖1 = 0 (Equation (7.5)). For  𝑧𝑓𝑝𝑣𝑛7, equation (7.7) is used: 

𝑧𝑓𝑝𝑣𝑛𝑖 ∙ ∑ [𝑞𝑣𝑚
𝑚𝑎𝑛 ∙ 𝐶𝑓𝑚

𝑚𝑎𝑡 ∙ 𝛼𝑝𝑚𝑖1 ∙ (1− 𝑦𝑓𝑚𝑛)]

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

≤ 𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 ∙ Φ𝑝𝑛𝑖1 𝑓𝑜𝑟 𝑛 = 1, 𝑖 = 7 

𝑧𝑓,𝑝,11,1,7  ∙ [650 ∙ 0,91 ∙ 1 ∙ (1− 0) + 300 ∙ 0,85 ∙ 1 ∙ (1 − 0) + 40 ∙ 2 ∙ 1 ∙ (1− 0) + 10 ∙ 1,7 ∙ 1 ∙ (1− 1)] ≤  998,5 ∙ 0,25 

𝑧𝑓,𝑝,11,1,7   ∙ 926,5 ≤  249,625 

𝑧𝑓,𝑝,11,1,7 = 0  

The same equation is used to calculate 𝑧𝑓𝑝𝑣𝑛8. 

𝑧𝑓𝑝𝑣𝑛𝑖 ∙ ∑ [𝑞𝑣𝑚
𝑚𝑎𝑛 ∙ 𝐶𝑓𝑚

𝑚𝑎𝑡 ∙ 𝛼𝑝𝑚𝑖1 ∙ (1− 𝑦𝑓𝑚𝑛)]

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

≤ 𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 ∙ Φ𝑝𝑛𝑖1 𝑓𝑜𝑟 𝑛 = 1, 𝑖 = 8 

𝑧𝑓,𝑝,11,1,8  ∙ [650 ∙ 0,91 ∙ 0 ∙ (1− 0) + 300 ∙ 0,85 ∙ 1 ∙ (1 − 0) + 40 ∙ 2 ∙ 0 ∙ (1− 0) + 10 ∙ 1,7 ∙ 0 ∙ (1− 1)] ≤   998,5 ∙ 0,2 

𝑧𝑓,𝑝,11,1,8   ∙ 255 ≤  199,70 

𝑧𝑓,𝑝,11,1,8 = 0 

However, equation (7.8) also applies for 𝑖 = 8. Therefore, the following calculation is performed. 

𝑧𝑓𝑝𝑣𝑛𝑖 ∙ ∑ [𝑞𝑣𝑚
𝑚𝑎𝑛 ∙ 𝐶𝑓𝑚

𝑚𝑎𝑡 ∙ 𝛼𝑝𝑚𝑖2 ∙ (1− 𝑦𝑓𝑚𝑛)]

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

≤ 𝐶𝑓𝑝𝑣
𝑚𝑎𝑛 ∙ Φ𝑝𝑛𝑖2 

𝑓𝑜𝑟 𝑛 = 1, 𝑖 = 8 

𝑧𝑓,𝑝,11,1,8  ∙ [650 ∙ 0,91 ∙ 1 ∙ (1− 0) + 300 ∙ 0,85 ∙ 1 ∙ (1 − 0) + 40 ∙ 2 ∙ 1 ∙ (1− 0) + 10 ∙ 1,7 ∙ 1 ∙ (1− 1)] ≤  998,5 ∙ 0,5 

𝑧𝑓,𝑝,11,1,8   ∙ 926,5 ≤  499,25 

𝑧𝑓,𝑝,11,1,8 = 0 
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Now for all list rule types 𝑧𝑓𝑝𝑣𝑛𝑖 is known, 𝑦𝑓𝑝𝑣𝑛 can be determined. 

𝑦𝑓𝑝𝑣𝑛  ≤  ∑𝑧𝑓𝑝𝑣𝑛𝑖

8

𝑖=1

 𝑓𝑜𝑟 𝑛 = 1 

𝑦𝑓,𝑝,11,1 =  0 

This means that product A is not preferential for Algeria. When the same calculation is performed 

for Switzerland, the following calculations can be found: 

𝑧𝑓,𝑝,11,2,7   ∙ 80 ≤  249,625 ➔  𝑧𝑓,𝑝,11,2,7  ∈ {0,1} 

𝑧𝑓,𝑝,11,2,8   ∙ 0 ≤  199,70 ➔  𝑧𝑓,𝑝,11,2,8 ∈ {0,1} 

𝑧𝑓,𝑝,11,2,8   ∙ 80 ≤   499,25 ➔  𝑧𝑓,𝑝,11,2,8 ∈ {0,1} 

𝑦𝑓,𝑝,11,2 ≤ 2 ➔  𝑦𝑓,𝑝,11,2 ∈ {0,1} 

Therefore, product A can be shipped preferentially to Switzerland. The following table shows the 

results for all configurations.  

𝒗 𝒚𝒇𝒑𝒗𝟏 𝒚𝒇𝒑𝒗𝟐  𝒗 𝒚𝒇𝒑𝒗𝟏 𝒚𝒇𝒑𝒗𝟐  𝒗 𝒚𝒇𝒑𝒗𝟏 𝒚𝒇𝒑𝒗𝟐  𝒗 𝒚𝒇𝒑𝒗𝟏 𝒚𝒇𝒑𝒗𝟐 

1 0 0  5 0 0  9 0 0  13 0 0 
2 0 0  6 1 0  10 0 0  14 1 0 
3 0 0  7 0 0  11 0 1  15 0 1 
4 0 0  8 1 0  12 0 1  16 1 1 

Appendix table I.5 Summary of the preferential origin of the product for each configuration 

Example 5.3 – Equations (7.12)-(7.16) – Duty costs and IPR savings 
The duty costs for Algeria is 5% of the configuration manufacturing costs and the duty costs for 

Switzerland is based on weight, resulting in a duty costs of €50,- per unit (1000 kg). Suppose all 

products with a destiny country are delivered in one shipment.  For configuration 11 this leads to the 

following costs: 

𝐶𝑓,𝑝,11,1,1
𝑑𝑢𝑡𝑦 = 𝑇𝑝,1,1  ∙ (1− 𝑦𝑓,𝑝,11,1) = 998,5 ∙ 0,05 ∙ (1 − 0) = € 49,925 

𝐶𝑓,𝑝,11,2,1
𝑑𝑢𝑡𝑦 = 𝑇𝑝,2,1  ∙ (1− 𝑦𝑓,𝑝,11,2) = 50 ∙ (1− 0) = € 0,00 

Only material version E1 qualifies for IPR. This 𝜔𝑓,𝐸1= 1 and 𝜔𝑓,𝑚 = 0 for all other material versions. 

Over material version E1, a duty has been paid of € 0,072 per kg. The potential IPR and lost IPR 

savings are calculated as follows: 

𝐼𝑃𝑅𝑓,𝑝,11,1
𝑝𝑜𝑡 = 𝐼𝑃𝑅𝑓,𝑝,11,2

𝑝𝑜𝑡 = ∑ 𝑞11,𝑚
𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓𝑚

𝑚𝜖 𝐺11
𝑟𝑒𝑞

= 40 ∙ 0,072 ∙ 1 = € 2,88  

𝐼𝑃𝑅𝑓,𝑝,11,1
𝑙𝑜𝑠𝑡 ∑ 𝑞11,𝑚

𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓𝑚
𝑚𝜖 𝐺11

𝑟𝑒𝑞

∙ 𝑦𝑓,𝑝,11,1=  40 ∙ 0,072 ∙ 1 ∙ 0 = €0,00 

𝐼𝑃𝑅𝑓,𝑝,11,2
𝑙𝑜𝑠𝑡 ∑ 𝑞11,𝑚

𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓𝑚
𝑚𝜖 𝐺11

𝑟𝑒𝑞

∙ 𝑦𝑓,𝑝,11,2=  40 ∙ 0,072 ∙ 1 ∙ 1 = € 2,88 
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This leads to the following duty costs and IPR savings for all configurations: 

𝒗 𝑪𝒇𝒑𝒗𝟏𝟏
𝒅𝒖𝒕𝒚

 𝑪𝒇𝒑𝒗𝟐𝟏
𝒅𝒖𝒕𝒚

 𝑰𝑷𝑹𝒇𝒑𝒗𝟏
𝒑𝒐𝒕

 𝑰𝑷𝑹𝒇𝒑𝒗𝟐
𝒑𝒐𝒕

 𝑰𝑷𝑹𝒇𝒑𝒗𝟏
𝒍𝒐𝒔𝒕  𝑰𝑷𝑹𝒇𝒑𝒗𝟐

𝒍𝒐𝒔𝒕  

1 € 49,00 € 50,00 € 2,88 € 2,88 € 0 € 0 
2 € 49,16 € 50,00 € 2,88 € 2,88 € 0 € 0 
3 € 49,33 € 50,00 € 2,88 € 2,88 € 0 € 0 
4 € 49,65 € 50,00 € 2,88 € 2,88 € 0 € 0 
5 € 49,15 € 50,00 € 2,88 € 2,88 € 0 € 0 
6 € 0 € 50,00 € 2,88 € 2,88 € 2,88 € 0 
7 € 49,48 € 50,00 € 2,88 € 2,88 € 0 € 0 
8 € 0 € 50,00 € 2,88 € 2,88 € 2,88 € 0 
9 € 49,60 € 50,00 € 2,88 € 2,88 € 0 € 0 

10 € 49,76 € 50,00 € 2,88 € 2,88 € 0 € 0 
11 € 49,93 € 0 € 2,88 € 2,88 € 0 € 2,88 
12 € 50,25 € 0 € 2,88 € 2,88 € 0 € 2,88 
13 € 49,75 € 50,00 € 2,88 € 2,88 € 0 € 0 
14 € 0 € 50,00 € 2,88 € 2,88 € 2,88 € 0 
15 € 50,07 € 0 € 2,88 € 2,88 € 0 € 2,88 
16 € 0 € 0 € 2,88 € 2,88 € 2,88 € 2,88 

Appendix table I.6 Summary of duty related costs 

Example 5.4 – MILP 2 – Total costs minimizing configuration. 
Solving this MILP will result in a minimal total costs of € 996.286, which can be obtained by choosing 

configuration 6. The total minimal costs for each configuration is given in the following table: 

𝒗 Total costs  𝒗 Total 
costs 

 𝒗 Total 
costs 

 𝒗 Total costs 

1 € 1.001.566  5 € 1.004.604  9 € 1.013.716  13 € 1.016.754 
2 € 1.004.857  6 € 996.286  10 € 1.017.007  14 € 1.008.286 
3 € 1.001.147  7 € 1.011.185  11 € 1.015.585  15 € 1.018.623 
4 € 1.014.729  8 € 1.006.036  12 € 1.022.167  16 € 1.013.324 

Appendix table I.7 Total costs of each configuration according to MILP 2 

Example 5.5 – Algorithm 1 – Total costs minimizing configuration. 
In task 1 of algorithm 1, all costs before shipments are calculated. For configuration 𝑣 = 11, this is 

calculated as follows: 

𝐶𝑓𝑝𝑣
𝑡𝑚𝑎𝑛 =∑ ∑ (𝑞𝑝𝑠  ∙ 𝐶𝑓𝑝𝑣

𝑚𝑎𝑛) 
𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁

= (450+ 250+ 100+ 200) ∙ 998,5 = 998.500 

𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑡𝑝𝑜𝑡

=∑ ∑ (𝑞𝑝𝑠  ∙ 𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑝𝑜𝑡 ) 

𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁

= (250+ 100+ 200) ∙ 2,88=   1.584 

𝐶𝑓𝑝𝑣
𝑡𝑐𝑏𝑠 = 𝐶𝑓𝑝𝑣

𝑡𝑚𝑎𝑛− 𝐼𝑃𝑅𝑓𝑝𝑣𝑛
𝑡𝑝𝑜𝑡 = 998.500− 1.584= 996.916 

This is performed for all configurations and sorted from lowest costs to highest costs (task 1 and task 

2). The results are as follows: 

𝒗 𝑪𝒇𝒑𝒗
𝒕𝒄𝒃𝒔  𝒗 𝑪𝒇𝒑𝒗

𝒕𝒄𝒃𝒔  𝒗 𝑪𝒇𝒑𝒗
𝒕𝒄𝒃𝒔  𝒗 𝑪𝒇𝒑𝒗

𝒕𝒄𝒃𝒔 

1 € 978.416  3 € 984.916  13 € 993.416  11 € 996.916 
5 € 981.416  7 € 987.916  10 € 993.666  15 € 999.916 
2 € 981.666  9 € 990.416  8 € 994.416  12 € 1.003.416 
6 € 984.666  4 € 991.416  14 € 996.666  16 € 1.006.416 

Appendix table I.8 Total costs for each configuration according to Algorithm 1 sorted from low to high 
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Configuration 1 is defined as UB (Task 3). This configuration is not preferential for both FTA countries 

(Task 4). For this configuration the total duty costs and lost IPR savings can be calculated as follows 

(Task 5). 

𝐶𝑓𝑝𝑣𝑈𝐵
𝑡𝑑𝑢𝑡𝑦= ∑ ∑ 𝑞𝑝𝑠 ∙ [𝑇𝑝𝑛𝑠 ∙ (1− 𝑦𝑓𝑝,𝑣𝑈𝐵,𝑛)]

𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝐹𝑇𝐴

= 250 ∙ 49+ 100 ∙ 50 = 17250 

𝐼𝑃𝑅𝑓𝑝𝑣𝑈𝐵
𝑡𝑙𝑜𝑠𝑡 = ∑ ∑ 𝑞𝑝𝑠 ∙ [ ∑ 𝑞𝑣𝑈𝐵,𝑚

𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓𝑚 ∙ 𝑦𝑓𝑝,𝑣𝑈𝐵,𝑛
𝑚𝜖 𝐺𝑣

𝑟𝑒𝑞

]

𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝐹𝑇𝐴

= 250 ∙ 0 + 100 ∙ 0 = 0 

𝐶𝑓𝑝𝑣𝑈𝐵
𝑡𝑐𝑜𝑛𝑓 = 𝐶𝑓𝑝𝑣𝑈𝐵

𝑡𝑐𝑏𝑠 +𝐶𝑓𝑝𝑣𝑈𝐵
𝑑𝑢𝑡𝑦 + 𝐼𝑃𝑅𝑓𝑝𝑣𝑈𝐵

𝑡𝑙𝑜𝑠𝑡 = 978.416+ 17.250+ 0 = 995.666 

For 𝑘 = 2 (configuration 5), the condition of task 6 of the algorithm applies. 

𝐶𝑓𝑝𝑣𝑘
𝑡𝑐𝑏𝑠 −𝐶𝑓𝑝𝑣𝑈𝐵

𝑡𝑐𝑏𝑠 = 3000<  𝐶𝑓𝑝𝑣𝑈𝐵
𝑡𝑑𝑢𝑡𝑦

− 𝐼𝑃𝑅𝑓𝑝𝑣𝑈𝐵
𝑡𝑙𝑜𝑠𝑡 = 17250 

The total duty costs, lost IPR savings and total configuration costs for configuration 5 are 17287,50, 

0  and (981.416+ 17.287,50+ 0 =) 998.703,50 respectively (Task 7 and 8). Next, in task 9 it is 

calculated whether configuration 5 is cheaper than configuration 1. 

𝐶𝑓𝑝𝑣𝑘
𝑡𝑐𝑜𝑛𝑓

= 998.703,50 > 𝐶𝑓𝑝𝑣𝑈𝐵
𝑡𝑐𝑜𝑛𝑓

= 995.666 

This means that configuration 5 is more expensive than configuration 1 and therefore, configuration 

1 will remain the upper bound. 

Now 𝑘:= 3 (configuration 2). When following the same steps as when 𝑘  was 2, it can be found that 

the total costs of this configuration are higher than the current upper bound (configuration 1). When 

𝑘 ≔ 4 (𝑣 = 6), task 9 shows that configuration 6 is cheaper than configuration 1: 

𝐶𝑓𝑝𝑣𝑘
𝑡𝑐𝑜𝑛𝑓 = 990.386 < 𝐶𝑓𝑝𝑣𝑈𝐵

𝑡𝑐𝑜𝑛𝑓 = 995.666 

Therefore, configuration 6 (𝑘 = 4) will now be defined as the UB (𝑈𝐵 ∶=  4). The condition of task 6 

is met until (and not including) 𝑘 = 6 (𝑣 = 7). Until this configuration, no configuration is cheaper 

than configuration 6.  From this configuration onwards, the difference in costs before shipping 

between the configurations (990.416 - 984.666 = 5750) is larger than the total duty costs minus the 

total lost IPR savings of the upper bound (5000 – 720 = 4280). 

The total costs of the cheapest configuration 6 deviate from the ones presented in example 5.4 

because the transportation costs are excluded in the costs calculation of the algorithm. 
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Appendix I.2 - Example 6 – Research Question 2 
To show how the methodology of RQ 2 works, a new example is introduced. In appendix section I.2.1, 

the example (example 6) is introduced. Appendix section I.2.2 solves this example using a non-

cooperative approach and in appendix section I.2.3 this example is solved using a cooperative 

approach. 

Appendix I.2.1 - Introduction of example 6 

In this example, Dow delivers a product of HS heading 2901 to 2 customers in the domestic market. 

The first customer is called customer 1 and the second customer is called customer 2. The customers 

are denoted as 𝑓1 ∈ {1,2}. Both customers make one product, denoted as 𝑝1 = {1,2}. These products 

are shipped within the domestic market and to two FTA countries, being Algeria and Switzerland. 

These countries are denoted as 𝑛 ∈ {1,2}= 𝑁𝐹𝑇𝐴 . 

Dow has four different configurations to choose from. These configurations are denoted as 

configurations 1 to 4 (𝑣0 ∈ {1,… ,4}). The configurations have configuration manufacturing costs of € 

750, € 760, € 805 and € 835 per unit of 1000 kg, respectively for configurations 1 to 4. Of these 

configuration manufacturing costs €450,- is a result of fixed conversion costs. Configuration 1 leads 

to a not preferential product, configuration 2 is preferential for Algeria, but not preferential for 

Switzerland. Configuration 3 is preferential for Switzerland but not for Algeria and configuration 4 is 

preferential for both countries.  

Dow can sell 650 units of 1000 kg to customer 1 and 1800 units to customer 2. The transportation 

costs are € 5000 to deliver all units to customer 1 and € 7000 to customer 2. The sales price is €910 

per unit for both customers.  

Customer 1 

Customer 1 is the company that was considered in example 5 of appendix section I.1, which produces 

product A. In this example, Dow’s product is of material type B. In contrast to example 5, customer 1 

now has the choice between either material version B1, which has a material costs of €0,9 kg per 

kilogram or Dow’s material version B3, which has a costs of €0,91 per kilogram. Material version B1 is 

not preferential, whereas material version B3 can be preferential, dependent on Dow’s chosen 

configuration. Moreover, customer 1 already chose to use material version C4. A summary of the 

material versions of the customer is provided in appendix table I.9. 

Material 
type 

Material 
version 

Quantity 
(in kg) 

Version 
price per 

kg 

Preferential origin 

Algeria Switzerland 

B B1 650 € 0,90 No No 
 B3 650 € 0,91 TBD TBD 
      C C4 300 € 0,86 Yes Yes 
 E E1 40 € 2,00 No No 
      F E1 10 € 1,70 Yes Yes 

Appendix table I.9 Summary of material versions of customer 1 in example 6 

Identical to the company in example 5, customer 1 ships 450, 250, 100 and 200 units of 1000 kg to 

respectively customers in the domestic market, Algeria, Switzerland and the RoW, with 

transportation cost of € 1000, € 1300, € 900 and € 2700. The fixed conversion costs are € 40 and 

variable conversion costs € 15 per unit. Product version E1 qualifies for duty drawback if it is exported 

and shipped not preferential. The possible duty drawback due to IPR is 3,6%, which means €0,072 

per kilo used material or € €2,88 per unit of the customer’s product is exported.  
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Customer 2  

Customer 2 makes a product G, a chapter 3901 product which is an addition homopolymerisation 

product in which a single monomer contributes to more than 99% by weight to the total polymer 

content, similar to product A of customer 1. It is made of four material types, B, H, I and J. H is of 

chapter 3903 and the other material types are of another HS chapter.  

Customer 2 has the same material versions of material type B available to choose from as customer 

1, for the same prices. The other material types and their prices can be found in appendix table I.10. 

Customer 2 creates a total of 2000 units of 1000 kg of product G. 800 units are shipped to the domestic 

market with €1.800 transportation costs, 175 units to Algeria with €500 transportation costs, 425 units 

to Switzerland with €1.400 material costs and 600 units to the RoW with €2.400 material costs. The 

fixed conversion costs are € 120 per unit and the variable conversions costs €75 per unit. No materials 

apply for IPR.  

Material 
type 

Material 
version 

Quantity 
(in kg) 

Version 
price per 

kg 

Preferential origin 

Algeria Switzerland 

B B1 650 € 0,90 No No 
 B2 650 € 0,91 TBD TBD 
      H H1 70 € 6,00 No No 
      I I1 25 € 3,00 Yes Yes 
      J J1 5 € 100,00 Yes Yes 

Appendix table I.10 Summary of material versions of customer 2 in example 6 

Appendix I.2.2 - Example 6 – Solving the example using a non-cooperative approach 
Task 1: In task 1 the preferential origin of the different configurations of Dow’s product for each 

country are calculated. These are already presented in the example elaboration. 

Task 2: For each customer and each of Dow’s configuration, it is determined whether the customer 

would buy Dow’s product. This is calculated using Algorithm 1. If 𝑣𝑈𝐵 ∈ 𝑉𝑝1
𝑝0 then 𝜓𝑣0𝑓1𝑝1 = 1, else 

𝜓𝑣0𝑓1𝑝1 = 0. 

Customer 1: The customer can either choose to buy material version B1 or Dow’s material version B3. 

Using Algorithm 1, 𝑣𝑈𝐵 ∉  𝑉𝑝1
𝑝0 if 𝑣0 = 1. This means that the customer will not buy Dow’s product if 

Dow chooses configuration 1. The same goes for configuration 3. If Dow chooses configuration 2 or 

4, then customer 1 will buy Dow’s product. This leads to:  𝜓2,1,1 = 𝜓4,1,1 = 1 and 𝜓1,1,1 = 𝜓3,1,1 = 0. 

Customer 2: Calculated the same way as for customer 1, it can be found that 𝜓3,2,1 = 𝜓4,2,1 = 1 and 

𝜓1,2,1= 𝜓2,2,1 = 0. This means that customer 2 will buy Dow’s product only if Dow uses configuration 

3 and 4. 

Task 3: The total costs for configuration 1 are calculated using equation (8.4): 

 ∑ ∑ [𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑓0𝑝0𝑣0
ℎ,𝑓𝑖𝑥 +𝜓𝑣0𝑓1𝑝1  ∙ (𝑞𝑝0𝑓1𝑝1  ∙ [𝐶𝑓0𝑝0𝑣0

𝑚𝑎𝑛 −𝐶𝑓0𝑝0𝑣0
ℎ,𝑓𝑖𝑥 ] + 𝐶𝑝0𝑓1𝑝1

𝑡 ) + (1−𝜓𝑣0𝑓1𝑝1 )

𝑝1∈𝐺𝑝0𝑓
𝑐𝑜𝑛𝑡𝑓1∈𝐹𝑝0

𝑑𝑜𝑚

∙ 𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒] 

= 650 ∙ 450+ 0 ∙ (650 ⋅ (750− 650)+ 5000)+ (1 − 0) ⋅ 650 ⋅ 910 + 1800 ∙ 450+ 0
∙ (1800 ⋅ (750− 650)+ 7000)+ (1 − 0) ⋅ 1800 ⋅ 910  = € 3.332.000 
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This can be calculated for all configurations, resulting in the following costs. 

𝒗𝟎 𝑣0 = 1 𝑣0 = 2 𝑣0 = 3 𝑣0 = 4 
Total 
costs 

€ 3.332.000 € 2.947.000 € 2.340.000 €2.057.750 

Appendix table I.11 Associated costs with Dow's configurations 

The outcome of MILP 3 would suggest that Dow would chose configuration 4, since this brings the 

lowest costs for Dow. These corresponding costs would be €2.057.750,-. 

Appendix I.2.3 - Example 6 – Solving the example using a cooperative approach  
Consider example 6, in a cooperative setting. All parameters are identical as for the non-cooperative 

approach, but the transfer price of bringing a product from Dow to its customer is Dow’s costs 

(𝐶𝑓0𝑝0
𝑚𝑎𝑛+

𝐶𝑝0𝑓1𝑝1
𝑡

𝑞𝑝0𝑓1𝑝1
) rather than the sales price as used in the non-cooperative setting.  

Task 1: This step is identical to task 1 for the non-cooperative approach of appendix section I.2.2.  

Task 2-3: Using MILP 1, the preferential origin of all the customers’ products’ configurations can be 

calculated, given Dow’s configuration. For example, when Dow would choose configuration 2 (𝑣0 =

2), then customer 1 would have a preferential origin for Algeria if it would choose a configuration 

with Dow’s product (with product version B3) and would have a no preferential origin if it would 

choose the configuration with product version B1. For this calculation, if Dow’s product version was 

the material, then the preferential origin of the material version is identical of the preferential origin 

of Dow’s product (𝑦𝑓1𝑚𝑛:= 𝑦𝑓0𝑝0𝑣0𝑛 ) and the material unit price was identical to the costs for Dow to 

produce the product and ship it to the customer (𝐶𝑓1𝑚
𝑚𝑎𝑡 = 𝐶𝑓0𝑝0

𝑚𝑎𝑛+
𝐶𝑝0𝑓1𝑝1
𝑡

𝑞𝑝0𝑓1𝑝1
). 

This leads to the following result: 

Configuration 𝒚𝟏,𝟏,𝒗𝟏,𝟏 𝒚𝟏,𝟏,𝒗𝟏 ,𝟐 𝒚𝟐,𝟏,𝒗𝟏 ,𝟐 𝒚𝟐,𝟏,𝒗𝟏,𝟐 

𝑣1 ∉ 𝑉𝑝1
𝑝0, ∀𝑣0 ∈ {1,… ,4} 0 0 0 0 

𝑣1 ∈ 𝑉𝑝1
𝑝0, 𝑣0 = 1 0 0 0 0 

𝑣1 ∈ 𝑉𝑝1
𝑝0, 𝑣0 = 2 1 0 1 0 

𝑣1 ∈ 𝑉𝑝1
𝑝0, 𝑣0 = 3 0 1 0 1 

𝑣1 ∈ 𝑉𝑝1
𝑝0, 𝑣0 = 4 1 1 1 1 

Appendix table I.12 The preferential origin of customers' goods, given their configuration and Dow's configuration. 

Task 4: the manufacturing costs 𝐶1,1𝑣1
𝑚𝑎𝑛, with 𝑣1 ∉ 𝑉𝑝1

𝑝0, 𝑣0 = 4 can be calculated as follows: 

𝐶𝑓1𝑚
𝑚𝑎𝑡 = 𝐶𝑓0𝑝0

𝑚𝑎𝑛+
𝐶𝑝0𝑓1𝑝1
𝑡

𝑞𝑝0𝑓1𝑝1
= 835+

5000

650
= €842,7/1000 𝑘𝑔 = €0,8427 /𝑘𝑔   for 𝑚= 𝑝0  

𝐶1,1𝑣1
𝑚𝑎𝑛 = 650 ∙ 0,8427+ 300 ∙ 0,86+ 40 ∙ 2 + 10 ∙ 1,7+ 40+ 15 = 947,75 

For all configurations, this leads to the following results: 

Configuration 𝑪𝟏,𝟏,𝒗𝟏
𝒎𝒂𝒏  𝑪𝟐,𝟏,𝒗𝟏

𝒎𝒂𝒏  

𝑣1 ∉ 𝑉𝑝1
𝑝0, 𝑣0 ∈ {1,… ,4} €995,− €2000,− 

𝑣1 ∉ 𝑉𝑝1
𝑝0, 𝑣0 = 1 €902,50 €1868,50 

𝑣1 ∉ 𝑉𝑝1
𝑝0, 𝑣0 = 2 €909,− €1877,50 

𝑣1 ∉ 𝑉𝑝1
𝑝0, 𝑣0 = 3 €938,25 €1918,− 

𝑣1 ∉ 𝑉𝑝1
𝑝0, 𝑣0 = 4 €947,75 €1945,− 

Appendix table I.13 Customers' manufacturing costs given their configuration and Dow's configuration 
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Task 5: 𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡 is calculated in this step. For 𝑓1 = 1,𝑝1 = 1,𝑣0 = 1, 𝐶𝑓1𝑝1𝑣0

𝑡𝑜𝑡  can be calculated as follows 

if 𝑣0 = 1, 𝑣1 ∉ 𝑉𝑝1
𝑝0 and 𝑥𝑓1𝑝1𝑣1 = 1: 

𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡 = (450 ∙ [995− 0+ 0 + 0]+ 1000+ 250 ∙ [995− 2,88+ 49,75+ 0] + 1300+ 100

∙ [995− 2,88+ 50 +0] + 900+ 200 ∙ [995− 2,88+ 0+ 0] + 2700) + (1 − 0) ∙ 650 

∙  450= 1.309.254 

For 𝑣0 = 1, 𝑣1 ∈ 𝑉𝑝1
𝑝0 and 𝑥𝑓1𝑝1𝑣1 = 1 the following total costs can be calculated: 

𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡 = (450 ∙ [902,50− 0 + 0+ 0] + 1000+ 250 ∙ [902,50− 2,88+ 49,75+ 0] + 1300+ 100

∙ [902,50− 2,88+ 50+ 0] + 900+ 200 ∙ [902,50− 2,88+ 0 + 0] +2700) + (1 − 1)
∙ 650 ∙  450 = 923.097,25 

This leads to the following results: 

 

Since configuration 𝑣0 = 2 leads to the lowest costs, Dow will choose this configuration. 

  

𝒗𝟎 𝑪𝟏,𝟏,𝒗𝟎
𝒕𝒐𝒕  𝑪𝟐,𝟏,𝒗𝟎

𝒕𝒐𝒕  ∑ ∑ 𝑪𝒇𝟏𝒑𝟏𝒗𝟎
𝒕𝒐𝒕

𝒑𝟏∈𝑮𝒇𝟏𝒑𝟎
𝒄𝒐𝒏𝒔

𝒇𝟏∈𝑭𝒑𝟎
𝒅𝒐𝒎

 

𝑣0 = 1 € 923.097,25 € 3.791.555,63 € 4.808.309,13 
𝑣0 = 2 € 919.036,− € 3.769.850,− € 4.688.886,− 
𝑣0 = 3 € 954.582,13 € 3.882.857,50 € 4.837.439,63 
𝑣0 = 4 € 963.074,− € 3.896.100,− € 6.859.174,− 

Appendix table I.14 Total costs allocated to the customers' products and total costs, given Dow's configuration 
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Appendix I.3 - Example 7 – Imperfect information 

Introduction of example 2.1 
The benefit of gathering this information is illustrated by an example in this section. Consider 

example 6 introduced in appendix section I.2.1. However, in this example Dow has incomplete 

information. This section will compare the expected average total costs of a situation where Dow, in 

cases of no information, partial information and full information. The non-cooperative approach is 

used to solve this problem. Both customers have 5 possible events. The events are assumed to be 

independent from each other.  

Customer 1 

For customer 1, Dow does not know how the shipments are distributed. There are five possible events 

for this customer. These 5 events are provided in Appendix table I.15. 

For 𝒇𝟏 = 𝟏 
and 𝒑𝟏 =𝟏 

𝑷𝒇𝟏𝒑𝟏𝒆 

∑ 𝒒𝒑𝟏𝒔 𝒔∈𝑺𝒇𝟏𝒑𝟏𝒏
  

∀𝒏 ∈ 𝑵𝒅𝒐𝒎∪𝑵𝑹𝒐𝑾 𝒏 = 𝟏 (Algeria) 𝒏 = 𝟐 (Switzerland) 

𝒆 = 𝟏 0,40 1000 0 0 
𝒆 = 𝟐 0,30 650 100 250 
𝒆 = 𝟑 0,05 650 250 100 
𝒆 = 𝟒 0,10 750 250 0 
𝒆 = 𝟓 0,15 500 250 250 

Appendix table I.15 Quantity of shipments to Algeria, Switzerland and other countries for customer 1, given the 5 
possible events. 

Customer 2 

For customer 2, Dow does not know what the costs are for material version B1. These costs are (per 

kg) either € 0,905555, € 0,90, €  0,894444, € 0,883333  or € 0,872222 with a chance of 20%, 20%, 30%, 

20% and 10%, respectively. This leads to the configuration and duty costs as provided in appendix 

table I.16. The duty costs for Switzerland do not change, since these are based on weight.  

Dow’s information gathering 

So far, Dow knows a lot of its customers. In this example, it is investigated what the costs difference 

is of the expected costs for Dow when it has no information, partial information and perfect 

information. In the first setting, Dow has the in this example provided information. In the second 

setting, Dow knows for both customers whether the customers are in event {1, 2, 3} or events {4, 5}. 

The third setting Dow knows exactly in which events the customers are. 

 

For 𝒇𝟏 = 𝟐  
and 𝒑𝟏 =𝟐 

𝑪𝒇𝟏𝒑𝟏𝒗𝟏
𝒎𝒂𝒏  

𝑻𝒑𝟏𝒏  𝒚𝒇𝟏𝒑𝟏𝒗𝟏𝒏 

𝒏 = 𝟏 
(Switzerland) 

𝒏 = 𝟐 
(Algeria) 

 𝒏 = 𝟏 
(Switzerland) 

𝒏 = 𝟐 
(Algeria) 

𝒗𝟏 ∉ 𝑽𝒑𝟏
𝒑𝟎 and 𝒆 = 𝟏 € 2.005,- € 100,25 50,00  0 0 

𝒗𝟏 ∉ 𝑽𝒑𝟏
𝒑𝟎 and 𝒆 = 𝟐 € 2.000,- € 100,00 50,00  0 0 

𝒗𝟏 ∉ 𝑽𝒑𝟏
𝒑𝟎 and 𝒆 = 𝟑 € 1.995,- € 99,75 50,00  0 0 

𝒗𝟏 ∉ 𝑽𝒑𝟏
𝒑𝟎 and 𝒆 = 𝟒 € 1.985,- € 99,25 50,00  0 0 

𝒗𝟏 ∉ 𝑽𝒑𝟏
𝒑𝟎 and 𝒆 = 𝟓 € 1.975,- € 98,75 50,00  0 0 

𝒗𝟏 ∉ 𝑽𝒑𝟏
𝒑𝟎 and 𝒗𝟎 = 𝟏 € 2.009,- € 100,45 50,00  0 0 

𝒗𝟏 ∉ 𝑽𝒑𝟏
𝒑𝟎 and 𝒗𝟎 = 𝟐 € 2.009,- € 100,45 50,00  1 0 

𝒗𝟏 ∉ 𝑽𝒑𝟏
𝒑𝟎 and 𝒗𝟎 = 𝟑 € 2.009,- € 100,45 50,00  0 1 

𝒗𝟏 ∉ 𝑽𝒑𝟏
𝒑𝟎 and 𝒗𝟎 = 𝟒 € 2.009,- € 100,45 50,00  1 1 

Appendix table I.16 Manufacturing costs and associated preferential origin and duty costs for customer 2, given the 

possible events, the customer's configurations and Dow's configuration 
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Solving example 2.2 
Using task 2 presented in Appendix section I.2.2 the decisions of Dow’s customers can be predicted 

for each event.  These are displayed in the following table: 

 𝝍𝒗𝟎 ,𝟏,𝟏,𝒆  𝝍𝒗𝟎𝟐,𝟐𝒆 

 𝒆 = 𝟏 𝒆 = 𝟐 𝒆 = 𝟑 𝒆 = 𝟒 𝒆 = 𝟓  𝒆 = 𝟏 𝒆 = 𝟐 𝒆 = 𝟑 𝒆 = 𝟒 𝒆 = 𝟓 

𝒗𝟎 = 𝟏 0 0 0 0 0  0 0 0 0 0 
𝒗𝟎 = 𝟐 0 1 0 0 1  1 0 0 0 0 
𝒗𝟎 = 𝟑 0 0 1 1 1  1 1 1 0 0 
𝒗𝟎 = 𝟒 0 1 1 1 1  1 1 1 0 0 
Appendix table I.17 Decision of each customer to buy Dow's product given Dow's configuration and the customers' 
events 

No information 

First, the setting where Dow has no information on in which 

events its customers are. In this situation Dow only has the 

information provided in this example. Using MILP 6 it can be 

found that Dow will chose configuration 4. This configuration 

leads to an expected total costs of €2.286.050,-, compared to 

€2.530.875,-. €2.944.150,- and €3.332.000,- for configurations 3, 2 

and 1 respectively.   

Partial information 

In a setting where there is only partial information, where Dow knows of each of its customers 

whether they are in events {1, 2, 3} or in events {4, 5}, there are four possible scenarios. The first 

scenario where both customers are in event 1, 2 or 3, the minimal expected total costs are €2.237.083,- 

for Dow by choosing configuration 4. The chance of this scenario happening is 52,5%.  

In the second scenario, customer 1 is in event 1, 2 or 3 and customer 2 is in event, 4 or 5. This scenario 

leads to and expected costs of €2.549.750,- for Dow by choosing configuration 4. This chance of this 

scenario is 22,5%.  

The third scenario is where customer 1 is in event 4 or 5 and customer 2 in event 1, 2 or 3. The expected 

costs of this scenario is minimized by choosing configuration 3 and leads to a total cost of €1.984.250,-

. The chance of this scenarios occurring is 17,5%.  

The final scenario, where both customers are in event 4 or 5, can be minimized by choosing 

configuration 4 leading to an expected cost of €2.370.417,-. The chance of this scenario happening is 

7,5%.  

Scenario 
Event 
customer 1 

Event 
customer 2 𝑷𝒆 Minimizing 𝒗𝟎 

Minimal 
costs 

1 𝑒 ∈ {1,2,3} 𝑒 ∈ {1,2,3} 0,525 4 €2.237.083,- 
2 𝑒 ∈ {1,2,3} 𝑒 ∈ {4,5} 0,225 4 €2.549.750,- 
3 𝑒 ∈ {4,5} 𝑒 ∈ {1,2,3} 0,175 3 €1.984.250,- 
4 𝑒 ∈ {4,5} 𝑒 ∈ {4,5} 0,075 4 €2.370.417,- 

Appendix table I.19 Expected costs for each of Dow's configurations if Dow has partial information 

This leads to the to an average expected total costs of €2.273.188,- which is a costs reduction of nearly 

€12.900,- which is 0,56% of the total costs.  

Full information 

In the third setting, where Dow knows in which events both customers are, these costs can be further 

reduced. For each possible scenario Dow can chose the costs minimizing configuration. This leads to 

an average expected total costs of €2.23.196,-, which is about €54.000,- (2,36%) cheaper than the first 

setting and about €41.000,- (1,98%)  cheaper than the second setting.  

𝒗𝟎 Minimal costs 

𝒗𝟎 = 𝟏 €3.332.000,- 
𝒗𝟎 = 𝟐 €2.944.150,- 
𝒗𝟎 = 𝟑 €2.530.875,- 
𝒗𝟎 = 𝟒 €2.286.050,- 

Appendix table I.18 Expected costs for 
each of Dow's configurations if Dow has 
no information 
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Conclusion 

Concluding, gathering more information could lead to serious costs reductions, up to 1.86% in this 

example. The total expected costs reduction of gathering information are very case dependent. 

Although a costs reduction of 0,56% and 2,36% might seem small, on a large scale industry such as 

the chemical industry, this could lead to large savings.  
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Appendix I.4 - Example 8 – Alternative Research Question 3 
In this example, Dow produces good A and G, with the same parameters as customers 1 and 2 of 

example 6. This means that for product A, Dow produces 1000 units of 1000 kg. 450 units are shipped 

to the domestic market, 250 units to Algeria, 100 units to Switzerland and 200 units to the rest of the 

world, with transportation costs of €1000, €1300, €900 and €2700 for all shipments to these countries 

respectively. The fixed conversion costs are € 40 and the variable conversion costs are € 15. 

Dow produces 2000 units of 1000 kg of product G, of which 800 units are shipped domestically, 425 

to Algeria, 175 to Switzerland and 600 to the Rest of the World, with respectively €1.800, €500, €1400 

and €2.400 transportation costs. The fixed conversion costs are € 120 and the variable conversion 

costs are € 75. 

In contrast to example 6, Dow has the option to choose between the four material versions of material 

type B as presented in example 5. This leads to the following material versions for product A and G:  

Goods 
type 

Goods 
version 

Material 
price per kg 

Preferential 
for Algeria 

Preferential for 
Switzerland 

B B1 € 0,900 No No 
 B2 € 0,905 Yes No 
 B3 € 0,910 No Yes 
 B4 € 0,920 Yes Yes 
     

D D4 € 0,860 Yes Yes 
 

    

E E1 € 2,000 No No 
 

    

F F1 € 1,700 Yes Yes 
Appendix table I.20 Material version of material types required to produce good A 

Goods 
type 

Goods 
version 

Material 
price per kg 

Preferential 
for Algeria 

Preferential for 
Switzerland 

B B1 € 0,900 No No 
 B2 € 0,905 Yes No 
 B3 € 0,910 No Yes 
 B4 € 0,920 Yes Yes 
     

H H1 € 6,000 No No 
 

    

I I1 € 3,000 Yes Yes 
 

    

J J1 € 100,000 Yes Yes 
Appendix table I.21 Material versions of material types required to produce good G 

It is not allowed to choose a different material version of material type B for product A and G. If 

product version B1 would be chosen, good A would bring € 1.016.753,50 of costs and product G would 

bring € 4.057.350,00. This would result in a total cost of € 5.074.103,50. Appendix table I.22 provides 

these costs for all material versions of material type B. 

𝝌𝒇𝒎𝟎
 Total costs for good 

A 
Total costs for good G Total costs 

𝜒𝑓,𝐵1 = 1 € 1.016.753,50 € 4.057.350,00 € 5.074.103,50 

𝜒𝑓,𝐵2 = 1 € 1.008.286,00 € 4.023.850,00 € 5.032.136,00 

𝜒𝑓,𝐵3 = 1 € 1.018.622,75 € 4.066.791,25 € 5.085.414,00 

𝜒𝑓,𝐵4 = 1 € 1.013.324,00 € 4.042.100,00 € 5.055.424,00 
Appendix table I.22 Associated costs with the material versions of material type B 

Choosing material type B2 would result in the lowest cost of € 5.032.136,00, which is more than 

€23.000 cheaper than the second best option and more than €53.000,- cheaper than the most 

expensive option. 
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APPENDIX J – ALGORITHM 1 
This appendix presents Algorithm 1, which can be used to identify the costs minimizing configuration 

and calculate the associated costs for setting 1. First the new notation is introduced, followed by the 

heuristic.  

The preferential origin independent costs consist of the costs of manufacturing goods and potential 

IPR savings. Because these are independent of the preferential origin they can be calculated without 

much computational time. The total manufacturing costs of all produced units of product version 𝑝 

made using configuration 𝑣 at firm 𝑓 is defined as 𝐶𝑓𝑝𝑣
𝑡𝑚𝑎𝑛. The total potential IPR savings over all 

exported (outside the domestic market) units of product version 𝑝 made using configuration 𝑣 at 

firm 𝑓 is defined as 𝐼𝑃𝑅𝑓𝑝𝑣
𝑡𝑝𝑜𝑡

. The total costs before shipping is defined as the total manufacturing 

costs minus the total potential IPR savings and is denoted by 𝐶𝑓𝑝𝑣
𝑡𝑐𝑏𝑠. 

𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠  

𝐶𝑓𝑝𝑣
𝑡𝑚𝑎𝑛 = Total manufacturing costs of all produced units of product unit 𝑝 using configuration 𝑣 at firm 𝑓 

𝐼𝑃𝑅𝑓𝑝𝑣
𝑡𝑝𝑜𝑡 = Total potential IPR savings over all exported units of product version 𝑝 using configuration 𝑣 at firm 𝑓 

𝐶𝑓𝑝𝑣
𝑡𝑐𝑏𝑠 = Total costs before shipping of all units of product version 𝑝 made using configuration 𝑣 at firm 𝑓 

Equation (𝐽. 1) defines the total manufacturing costs and equation (𝐽. 2) the total potential IPR 

savings. The total costs before shipping is defined as the total manufacturing costs minus the total 

potential IPR savings, see equation (𝐽. 3).  

𝐶𝑓𝑝𝑣
𝑡𝑚𝑎𝑛 ∶= ∑ ∑ (𝑞𝑝𝑠  ∙ 𝐶𝑓𝑝𝑣

𝑚𝑎𝑛) 
𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁

 =  ∑ ∑ (𝑞𝑝𝑠  ∙ [ ∑ 𝑞𝑣𝑚
𝑚𝑎𝑛 ∙ 𝐶𝑓𝑚𝑣

𝑚𝑎𝑡

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

+𝐶𝑓𝑝𝑣
ℎ,𝑓𝑖𝑥+𝐶𝑓𝑝𝑣

ℎ,𝑣𝑎𝑟]) 
𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁

 (𝐽.1) 

𝐼𝑃𝑅𝑓𝑝𝑣
𝑡𝑝𝑜𝑡≔ ∑ ∑ (𝑞𝑝𝑠  ∙ 𝐼𝑃𝑅𝑓𝑝𝑣𝑛

𝑝𝑜𝑡 ) 
𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁

= ∑ ∑ (𝑞𝑝𝑠  ∙ [ ∑ 𝑞𝑣𝑚
𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓𝑚

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

]) 
𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑛∈𝑁𝐹𝑇𝐴∪𝑁𝑅𝑜𝑊

 (𝐽.2) 

𝐶𝑓𝑝𝑣
𝑡𝑐𝑏𝑠≔ 𝐶𝑓𝑝𝑣

𝑡𝑚𝑎𝑛− 𝐼𝑃𝑅𝑓𝑝𝑣
𝑡𝑝𝑜𝑡

 (𝐽.3) 

The total duties that have to be paid over all units of product version 𝑝 made using configuration 𝑣 

at firm 𝑓 that are shipped to FTA countries is defined as 𝐶𝑓𝑝𝑣
𝑡𝑑𝑢𝑡𝑦. The total lost IPR savings over all 

units of product version 𝑝 made using configuration 𝑣 at firm 𝑓 that are shipped to FTA countries is 

defined as 𝐼𝑃𝑅𝑓𝑝𝑣
𝑡𝑙𝑜𝑠𝑡. 

𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠  

𝐶𝑓𝑝𝑣
𝑡𝑑𝑢𝑡𝑦 = Total duty costs paid over all exported units of product version 𝑝 made using configuration 𝑣 at firm 𝑓 

𝐼𝑃𝑅𝑓𝑝𝑣
𝑡𝑙𝑜𝑠𝑡 = Total IRP savings lost over all exported units of product version 𝑝 made using configuration 𝑣 at firm 𝑓 

The preferential origin dependent costs are the duty costs and lost IPR savings. The total duty costs 

and total lost IPR savings are the duty costs and lost IPR savings over all shipments respectively. 

Because the duty costs and lost IPR are 0 for all not FTA countries, only the shipments to FTA 

countries have to be considered here. Their formula are given in equation (𝐽.4) and (𝐽. 5). 
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𝐶𝑓𝑝𝑣
𝑡𝑑𝑢𝑡𝑦= ∑ ∑ (𝑞𝑝𝑠 ∙ 𝐶𝑓𝑝𝑣𝑛𝑠

𝑑𝑢𝑡𝑦 )
𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝐹𝑇𝐴

= ∑ ∑ 𝑞𝑝𝑠 ∙ [𝑇𝑝𝑛𝑠 ∙ (1 − 𝑦𝑓𝑝𝑣𝑛)]

𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝐹𝑇𝐴

  (𝐽.4) 

𝐼𝑃𝑅𝑓𝑝𝑣
𝑡𝑙𝑜𝑠𝑡 = ∑ ∑ (𝑞𝑝𝑠 ∙ 𝐼𝑃𝑅𝑓𝑝𝑣𝑛

𝑙𝑜𝑠𝑡

𝑠∈𝑆𝑓𝑝𝑛

)

𝑛∈𝑁𝐹𝑇𝐴

= ∑ ∑ 𝑞𝑝𝑠 ∙ [ ∑ 𝑞𝑣𝑚
𝑚𝑎𝑛 ∙ 𝑇𝑚𝑛0 ∙ 𝜔𝑓𝑚 ∙ 𝑦𝑓𝑝𝑣𝑛

𝑚𝜖 𝐺𝑣
𝑟𝑒𝑞

]

𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝐹𝑇𝐴

 (𝐽.5) 

Since the total duty costs and lost IPR are dependent on the preferential origin of the product, 

calculating these requires more computational power than calculating the preferential origin 

independent costs.  

The duty costs to RoW countries and transportation costs are independent of the chosen 

configuration and can therefore be ignored in the configuration selection. The total cost of a 

configuration is defined as: 

𝐶𝑓𝑝𝑣
𝑡𝑐𝑜𝑛𝑓

≔ 𝐶𝑓𝑝𝑣
𝑡𝑐𝑏𝑠+𝐶𝑓𝑝𝑣

𝑡𝑑𝑢𝑡𝑦
− 𝐼𝑃𝑅𝑓𝑝𝑣

𝑡𝑙𝑜𝑠𝑡
 (𝐽.6) 

The configuration with the lowest total costs before shipping (𝐶𝑓𝑝𝑣
𝑡𝑐𝑏𝑠) is referred to as 𝑣1, the 𝑘th  

lowest total costs before shipping as 𝑣𝑘. Starting from 𝑣1 the total costs of the configurations 𝐶𝑓𝑝𝑣
𝑐𝑜𝑛𝑓 

can be calculated. The so far lowest found costs form an upper bound (the lowest costs cannot be 

higher than the lowest found costs). The configuration index (𝑘) that has the so far lowest found 

costs is defined as UB (upper bound). For example, if only 𝑣1, and 𝑣2 are calculated and 𝐶𝑓𝑝𝑣1
𝑐𝑜𝑛𝑓 >

𝐶𝑓𝑝𝑣2
𝑐𝑜𝑛𝑓

 then 𝑈𝐵 ∶=  2. 𝐶𝑓𝑝𝑣𝑘
𝑐𝑜𝑛𝑓

 has to be calculated until 𝐶𝑓𝑝𝑣𝑘
𝑡𝑐𝑏𝑠 > 𝐶𝑓𝑝𝑣𝑈𝐵

𝑐𝑜𝑛𝑓
, for this configuration it is not 

possible to obtain a lower configuration costs since 𝐶𝑓𝑝𝑣
𝑡𝑑𝑢𝑡𝑦

> 𝐼𝑃𝑅𝑓𝑝𝑣
𝑡𝑙𝑜𝑠𝑡. This algorithm is provided in 

Algorithm 1 and works for any 𝑓 ∈ 𝐹 and 𝑝 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑. 

Algorithm 1 

# Task 

1  For each 𝑣 ∈ 𝑉𝑝 calculate 𝐶𝑓𝑝𝑣
𝑡𝑚𝑎𝑛,  𝐼𝑃𝑅𝑓𝑝𝑣𝑛

𝑡𝑝𝑜𝑡  , 𝐶𝑓𝑝𝑣
𝑡𝑐𝑏𝑠 using equations (𝐽.1), (𝐽. 2) and (𝐽. 3) 

2  Sort 𝐶𝑓𝑝𝑣
𝑡𝑐𝑏𝑠 from low to high, 𝑘 is rank in order. 𝑣𝑘 is configuration on the 𝑘th place in the order. 

3  𝑈𝐵 ≔ 1, 𝑘 ∶=  2 

4  Solve 𝑦𝑓𝑝𝑣𝑈𝐵𝑛, ∀𝑛 ∈ 𝑁𝐹𝑇𝐴 using ILP1 and equations (7.2) and (7.3), where ∑ 𝑞𝑝𝑠𝑠∈𝑆𝑓𝑝𝑛
> 0 and 𝑣 = 𝑣𝑈𝐵. 

5  Calculate 𝐶𝑓𝑝𝑣𝑈𝐵
𝑡𝑑𝑢𝑡𝑦, 𝐼𝑃𝑅𝑓𝑝𝑣𝑈𝐵

𝑡𝑙𝑜𝑠𝑡  and 𝐶𝑓𝑝𝑣𝑈𝐵
𝑡𝑐𝑜𝑛𝑓  using equations (𝐽. 4), (𝐽.5) and (𝐽. 6) with 𝑣 =  𝑣𝑈𝐵 

6  While 𝑣𝑘 ∈  𝑉𝑝  and 𝐶𝑓𝑝𝑣𝑘
𝑡𝑐𝑏𝑠 −𝐶𝑓𝑝𝑣𝑈𝐵

𝑡𝑐𝑏𝑠 < 𝐶𝑓𝑝𝑣𝑈𝐵
𝑡𝑑𝑢𝑡𝑦

− 𝐼𝑃𝑅𝑓𝑝𝑣𝑈𝐵
𝑡𝑙𝑜𝑠𝑡  

7    Solve 𝑦𝑓𝑝𝑣𝑘𝑛, ∀𝑛 ∈ 𝑁𝐹𝑇𝐴 using ILP1 and equations (7.2) and (7.3), where ∑ 𝑞𝑝𝑠𝑠∈𝑆𝑓𝑝𝑛
> 0 and 𝑣 = 𝑣𝑘 

8    Calculate 𝐶𝑓𝑝𝑣𝑘
𝑡𝑑𝑢𝑡𝑦, 𝐼𝑃𝑅𝑓𝑝𝑣𝑘

𝑡𝑙𝑜𝑠𝑡 and 𝐶𝑓𝑝𝑣𝑘
𝑡𝑐𝑜𝑛𝑓 using equations (𝐽. 4), (𝐽. 5) and (𝐽. 6)with 𝑣 = 𝑣𝑘 

9    If 𝐶𝑓𝑝𝑣𝑘
𝑡𝑐𝑜𝑛𝑓  <  𝐶𝑓𝑝𝑣𝑈𝐵

𝑡𝑐𝑜𝑛𝑓 then 

10      𝑈𝐵 ≔ 𝑘 

11    End if 

12    𝑘 = 𝑘 + 1 

13  End while 
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APPENDIX K – RELAXATION OF FULL IMPORT DUTY REDUCTION 
So far it has been assumed that when a product is preferential, there is a full reduction of import 

duties. However, in some cases, the import duties are not fully reduced. This appendix explains how 

the models and algorithm can be changed to deal with this relaxation.  

To do this, the following notation is used. 𝑇𝑝𝑛𝑠
𝑝𝑟𝑒𝑓 is the tariff that has to be paid over one unit of 

product 𝑝 when it is exported to country 𝑛 in shipment 𝑠 if product p is preferential and 𝑇𝑝𝑛𝑠
𝑛𝑝𝑟𝑒𝑓 if the 

product is not preferential.  

RQ 1 
Independent on whether a product is preferential or not, a minimum tariff 𝑇𝑝𝑛𝑠

𝑝𝑟𝑒𝑓 has to be paid. If a 

product is not preferential, then an additional tariff has to be paid; 𝑇𝑝𝑛𝑠
𝑛𝑝𝑟𝑒𝑓 −𝑇𝑝𝑛𝑠

𝑝𝑟𝑒𝑓. Therefore, 

equation (7.12) changes to: 

𝐶𝑓𝑝𝑣𝑛
𝑎𝑑𝑑−𝑑𝑢𝑡𝑦

∶= (𝑇𝑝𝑛𝑠
𝑛𝑝𝑟𝑒𝑓−𝑇𝑝𝑛𝑠

𝑝𝑟𝑒𝑓) ∙ (1− 𝑦𝑓𝑝𝑣𝑛) ∀𝑓 ∈ 𝐹, ∀𝑝 ∈ 𝐺𝑓
𝑝𝑟𝑜𝑑

, ∀𝑣 ∈ 𝑉𝑝, ∀𝑛 ∈  𝑁 (𝐾.1) 

 Equations (7.17), (7.21) and (7.27) of the MILP change to lines (𝐾.2), (𝐾. 3) and (𝐾.4), respectively. 

min∑ ∑ (𝑞𝑝𝑠  ∙ [𝐶𝑓𝑝
𝑚𝑎𝑛− 𝐼𝑃𝑅𝑓𝑝𝑛

𝑝𝑜𝑡 +𝑇𝑝𝑛𝑠
𝑝𝑟𝑒𝑓+𝐶𝑓𝑝𝑛𝑠

𝑎𝑑𝑑−𝑑𝑢𝑡𝑦+ 𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡]+ 𝐶𝑝𝑠

𝑡 ) 
𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁

  
(𝐾.2) 

𝐶𝑓𝑝𝑛𝑠
𝑎𝑑𝑑−𝑑𝑢𝑡𝑦 ≤ ∑ 𝑥𝑓𝑝𝑣 ∙ (𝑇𝑝𝑛𝑠

𝑛𝑝𝑟𝑒𝑓−𝑇𝑝𝑛𝑠
𝑝𝑟𝑒𝑓) ∙ (1 − 𝑦𝑓𝑝𝑣𝑛)

𝑣∈𝑉𝑝

 ∀ 𝑛 ∈  𝑁 (𝐾.3) 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑝𝑜𝑡

≥ 0,  𝐶𝑓𝑝𝑛
𝑎𝑑𝑑−𝑑𝑢𝑡𝑦

≥ 0, 𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡 ≥ 0 ∀ 𝑛 ∈  𝑁 (𝐾.4) 

Since 𝑇𝑝𝑛𝑠
𝑝𝑟𝑒𝑓 has to be paid independent of the chosen configuration, in the algorithm, it will be added 

to the total costs before shipment. This brings the following changes to step 2 in the algorithm: 

𝑇𝑝𝑛
𝑡𝑝𝑟𝑒𝑓 = ∑ ∑ (𝑞𝑝𝑠 ∙ 𝑇𝑝𝑛𝑠

𝑝𝑟𝑒𝑓) 
𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝐹𝑇𝐴

 
 

(𝐾.5) 

𝐶𝑓𝑝𝑣
𝑡𝑐𝑏𝑠≔ 𝐶𝑓𝑝𝑣

𝑡𝑚𝑎𝑛+𝑇𝑝𝑛
𝑡𝑝𝑟𝑒𝑓 − 𝐼𝑃𝑅𝑓𝑝𝑣𝑛

𝑡𝑝𝑜𝑡  (𝐾.6) 

The formula for total duties paid in tasks 5 and 8 of Algorithm 1 changes to total additional duties 

paid: 

𝐶𝑓𝑝𝑣𝑈𝐵
𝑡𝑎𝑑𝑑−𝑑𝑢𝑡𝑦

= ∑ ∑ 𝑞𝑝𝑠 ∙ [(𝑇𝑝𝑛𝑠
𝑛𝑝𝑟𝑒𝑓 −𝑇𝑝𝑛𝑠

𝑝𝑟𝑒𝑓) ∙ (1− 𝑦𝑓𝑝,𝑣𝑈𝐵 ,𝑛)]

𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝐹𝑇𝐴

 
 

(𝐾.7) 

𝐶𝑓𝑝𝑣𝑘
𝑡𝑎𝑑𝑑−𝑑𝑢𝑡𝑦 = ∑ ∑ 𝑞𝑝𝑠 ∙ [(𝑇𝑝𝑛𝑠

𝑛𝑝𝑟𝑒𝑓 −𝑇𝑝𝑛𝑠
𝑝𝑟𝑒𝑓) ∙ (1− 𝑦𝑓𝑝,𝑣𝑘,𝑛)]

𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝐹𝑇𝐴

 

 

(𝐾.8) 

Due to the notation change from 𝐶𝑓𝑝𝑣
𝑡𝑑𝑢𝑡𝑦 to 𝐶𝑓𝑝𝑣

𝑡𝑎𝑑𝑑−𝑑𝑢𝑡𝑦 tasks 6 and 9 of Algorithm 1 also have to be 

adjusted. 

 



Appendix K - 112 

RQ 2 
The adjustments for RQ 2 are similar to the adjustments of RQ 1. Equations (8.15), (8.20) and (8.28) 

change to (𝐾.9), (𝐾.10) and (𝐾.11) respectively. 

min𝐶𝑓1𝑝1𝑣0
𝑡𝑜𝑡 ≔∑ ∑ (𝑞𝑝1𝑠  ∙ [𝐶𝑓1𝑝1

𝑚𝑎𝑛− 𝐼𝑃𝑅𝑓1𝑝1𝑛
𝑝𝑜𝑡

+𝑇𝑝1𝑛𝑠
𝑝𝑟𝑒𝑓+𝐶𝑓1𝑝1𝑛𝑠

𝑎𝑑𝑑−𝑑𝑢𝑡𝑦
+𝐼𝑃𝑅𝑓1𝑝1𝑛

𝑙𝑜𝑠𝑡 ] + 𝐶𝑝1𝑠
𝑡 )                        

𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁

+ (1 −𝜓𝑓1𝑝1) ∙ 𝑞𝑝0𝑓1𝑝1  ∙  𝐶𝑓0𝑝0𝑣0
ℎ,𝑓𝑖𝑥   

(𝐾.9) 

𝐶𝑓1𝑝1𝑛𝑠
𝑎𝑑𝑑−𝑑𝑢𝑡𝑦

≤ ∑ 𝑥𝑓1𝑝1𝑣1 ∙ (𝑇𝑝1𝑛𝑠
𝑛𝑝𝑟𝑒𝑓 −𝑇𝑝1𝑛𝑠

𝑝𝑟𝑒𝑓) ∙ (1− 𝑦𝑓1𝑝1𝑣1𝑛)

𝑣1∈𝑉𝑝1

 ∀ 𝑛 ∈  𝑁, ∀𝑠 ∈ 𝑆𝑓1𝑝1𝑛 (𝐾.10) 

𝐶𝑓1𝑝1𝑛𝑠
𝑎𝑑𝑑−𝑑𝑢𝑡𝑦

≥ 0 
∀ 𝑛 ∈  𝑁, ∀𝑠 ∈ 𝑆𝑓1𝑝1𝑛 (𝐾.11) 

In addition to these changes, also the insight that is obtained on the decision of the customer changes 

slightly. Equations (8.43) and (8.44) change respectively to (𝐾.12) and (𝐾.13). 

𝜓𝑓1𝑝1𝑣𝑦 = 𝑥𝑓1𝑝1𝑣2

=

{
 
 

 
 1 𝑖𝑓 ∑ ∑ 𝑞𝑝𝑠 [[𝐶𝑓1𝑝1𝑣2

𝑚𝑎𝑛 + (𝑇𝑝1𝑛𝑠
𝑛𝑝𝑟𝑒𝑓

−𝑇𝑝1𝑛𝑠
𝑝𝑟𝑒𝑓) ∙ (1− 𝑦𝑓1𝑝1𝑣2𝑛)] − [𝐶𝑓1𝑝1𝑣1

𝑚𝑎𝑛 + (𝑇𝑝1𝑛𝑠
𝑛𝑝𝑟𝑒𝑓

− 𝑇𝑝1𝑛𝑠
𝑝𝑟𝑒𝑓) ∙ (1− 𝑦𝑓1𝑝1𝑣1𝑛)]]

𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁

≥ 0

0 𝑖𝑓 ∑ ∑ 𝑞𝑝𝑠 [[𝐶𝑓1𝑝1𝑣2
𝑚𝑎𝑛 + (𝑇𝑝1𝑛𝑠

𝑛𝑝𝑟𝑒𝑓
−𝑇𝑝1𝑛𝑠

𝑝𝑟𝑒𝑓) ∙ (1− 𝑦𝑓1𝑝1𝑣2𝑛)] − [𝐶𝑓1𝑝1𝑣1
𝑚𝑎𝑛 + (𝑇𝑝1𝑛𝑠

𝑛𝑝𝑟𝑒𝑓
− 𝑇𝑝1𝑛𝑠

𝑝𝑟𝑒𝑓) ∙ (1− 𝑦𝑓1𝑝1𝑣1𝑛)]]

𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁

< 0
 

(𝐾.12) 

∑ ∑ 𝑞𝑝𝑠
𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁

 ∙ ∆𝑣2𝑣1𝐶𝑓1𝑝1
𝑚𝑎𝑛≥

<
 ∑ ∑ 𝑞𝑝𝑠

𝑠∈𝑆𝑓1𝑝1𝑛𝑛∈𝑁𝐹𝑇𝐴

 ∙ (𝑇𝑝1𝑛𝑠
𝑛𝑝𝑟𝑒𝑓−𝑇𝑝1𝑛𝑠

𝑝𝑟𝑒𝑓) ∙ ∆𝑣2𝑣1𝑦𝑓1𝑝1𝑛 

 

(𝐾.13) 

This also includes that for Dow´s customers, (𝑇𝑝1𝑛𝑠
𝑛𝑝𝑟𝑒𝑓 −𝑇𝑝1𝑛𝑠

𝑝𝑟𝑒𝑓) is a determinant rather than 𝑇𝑝1𝑛𝑠
𝑝𝑟𝑒𝑓 if 

there is not a zero duty tariff for preferential goods. 

RQ 3 
The adjustments for RQ 3 are similar to the adjustments of RQ 1. Equations (9.3), (9.7) and (9.14) 

change to (𝐾.14), (𝐾.15) and (𝐾. 16) respectively. 

min ∑ ∑ ∑ (𝑞𝑝𝑠  ∙ [𝐶𝑓𝑝
𝑚𝑎𝑛− 𝐼𝑃𝑅𝑓𝑝𝑛

𝑝𝑜𝑡 +𝑇𝑝𝑛𝑠
𝑝𝑟𝑒𝑓 +𝐶𝑓𝑝𝑛𝑠

𝑎𝑑𝑑−𝑑𝑢𝑡𝑦+ 𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡] + 𝐶𝑝𝑠

𝑡 ) 
𝑠∈𝑆𝑓𝑝𝑛𝑛∈𝑁𝑝∈𝐺0𝑓

𝑐𝑜𝑛𝑠

 
(𝐾.14) 

𝐶𝑓𝑝𝑛𝑠
𝑎𝑑𝑑−𝑑𝑢𝑡𝑦

≤ ∑ 𝑥𝑓𝑝𝑣 ∙ (𝑇𝑝𝑛𝑠
𝑛𝑝𝑟𝑒𝑓−𝑇𝑝𝑛𝑠

𝑝𝑟𝑒𝑓) ∙ (1 − 𝑦𝑓𝑝𝑣𝑛)

𝑣∈𝑉𝑝

 ∀ 𝑛 ∈  𝑁, ∀𝑝 ∈ 𝐺0𝑓
𝑐𝑜𝑛𝑡 (𝐾.15) 

𝐼𝑃𝑅𝑓𝑝𝑛
𝑝𝑜𝑡 ≥ 0, 𝐶𝑓𝑝𝑛𝑠

𝑎𝑑𝑑−𝑑𝑢𝑡𝑦 ≥ 0, 𝐼𝑃𝑅𝑓𝑝𝑛
𝑙𝑜𝑠𝑡 ≥ 0 

∀ 𝑛 ∈  𝑁, ∀𝑝 ∈ 𝐺0𝑓
𝑐𝑜𝑛𝑡 (𝐾.16) 
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APPENDIX L – SCREENSHOTS OF THE TOOL 
This appendix shows screenshots of the tool and briefly elaborates on the functioning of it. Most parts of the tool are optional, which are required if the 

user would like to get information from the ERP system. Only the mandatory parts are really required for the calculation of the costs minimizing 

configuration. The data that is filled in in the screenshots are stylized and do not represent a real product. Due to confidentiality, the exact working and 

details of the tool are not described in this appendix. 

Appendix L.1 - Screen 1 – Shipment sheet 

# Mandatory? Performed by: Description 

L.1.1 Optional User User fills in the General Material Identification (GMID) of the product and the plant where it is produces and presses the button. 
The HS code (commodity code), country of the plant and administration unit of the plant is found in ERP system and copied to 
L.1.2 and L.2.1.  

L.1.2 Optional Automated Provides summary of HS code (commodity code), country of the plant and administration unit of the plant. 
L.1.3 Optional User Finds all shipments of the specified product that took place within the specified time frame. A shipment is considered if (1) it had 

the same GMID as the user specified in L.1.1, (2) The batch number starts with the plant specified by the user in L.1.1, and (3) if the 
shipment is to outside the EU, has a sales document (i.e. is sold to a customer) or is shipped to another plant where the GMID is 
registered as a material.  

L.1.4 (partly) 
Mandatory 

Automated / 
User 

Most important information of shipment. Import commodity code, destination country and CIF value are mandatory. FOB value, 
gross weight, net weight and volume are mandatory if an FTA country has a duty tariff based on these values. 

L.1.5 Optional Automated Possible duty savings over this shipment. Is filled in after L.2.2. 
L.1.6 Optional Automated Whether the product is shipped preferentially. Is filled in after L.7.3 and L.7.4. 

 

Appendix figure L.1 Shipment sheet 
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Appendix L.2 – Screen 2 – Tariffs sheet 

# Mandatory? Performed by: Description 

L.2.1 Mandatory Automated / 
User 

The HS code of the product should be entered here. This is filled in using the button of L.1.1 or can be filled in by the user. The 
button finds the tariffs of all FTA countries and supplies these tariffs in L.2.3. 

L.2.2 Mandatory User The exchange rate can be filled in here. This is the only input field that is stored when the file is closed, and therefor does not have 
to be refreshed every time the tool is used. If the button in pressed, to potential duty costs over all shipments provided in L.1.4 are 
calculated and supplied in L.2.4 and L.1.5. 

L.2.3 Mandatory Automated Provides exchange rates of the FTA countries for the product. 
L.2.4 Mandatory Automated States the calculated duty costs over all shipments to FTA countries if all these shipments were shipped not preferentially.  

 

  

Appendix figure L.2 Tariffs sheet 
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Appendix L.3 – Screen 3 – BOM sheet 

Appendix figure L.3 BOM sheet 

# Mandatory? Performed by: Description 

L.3.1 Optional Not applicable Searches all registered BOMs of the in L.1.1 specified GMID and plant. Using BOMdepth, Path and Prepath only the lowest level 
materials are found. Results are pasted in L.3.3. 

L.3.2 Optional Not applicable Identifies all unique material GMIDs from the fourth column of L.3.3 and copies them to L.4.2. 
L.3.3 Optional Automated / 

user 
Specifies most important BOM data. BOMID is a unique ID assigned to the BOM. AltBOM is a unique ID linked to a GMID of the 
finished product and plants. In other words, each unique combination of GMID finished product, plant and altBOM has a unique 
BOMID. UoM is the unit of measurement (f.e. TO = TON, KG = kilogram and M3 = cubic meter). The quantities that are specified 
are to create one unit (quantity of a unit is specified in L.7.1) of the product. 
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Appendix L.4 – Screen 4 – Unique materials sheet 

 

Appendix figure L.4 Unique material sheet 

# Mandatory? Performed by: Description 

L.4.1 Optional Not applicable Creates the in L.4.2 specified number of vendors of all GMIDs and supplies it in grey areas of L.5.3. 
L.4.2 Optional Automated + 

User 
The GMIDs are provided by L.3.2. The user can specify the number of suppliers. 
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Appendix L.5 – Screen 5 – Material version characteristic sheet 

 

Appendix figure L.5 Material version characteristic sheet 

# Mandatory? Performed by: Description 

L.5.1 Optional Not applicable These buttons find the current material pricing and preferential origins for the materials in the ERP system and supplies them in 
the orange cells of L.5.3 

L.5.2 Optional Not applicable This button merges screen 5 and 3, making a row for each vendor (i.e. material version) for each BOM and copies them in L.6.3. 
L.5.3 Optional Automated / 

User 
The vendor specific information is stored here. The user can provide the material costs per unit of measurement (f.e. per kilogram) 
and preferential origin for each material version and each FTA country with positive potential duty costs (as determined in L.2.4).  
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Appendix L.6 – Screen 6 – Material summary sheet 

 

Appendix figure L.6 Material summary sheet 

# Mandatory? Performed by: Description 

L.6.1 Mandatory Automated + 
user 

The first cell is a dropdown which contains all unique BOMIDs as presented in L.6.3. The user has to select which BOM it would 
like to investigate. The altBOM is automatically found for the selected BOMID. The button also finds whether the specified BOM 
is a minimal operation. 

L.6.2 Optional Not applicable This button finds the ex-works price and deducts the current material prices from it to find the manufacturing costs. 
L.6.3 Mandatory Automated / 

User 
Each line is a summary of the most important information, and is for one vendor-material type-BOM combination. This is either 
filled by pressing button L.5.2 or by the user itself. 
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Appendix L.7 – Screen 7 – Additional questions sheet 

 

Appendix figure L.7 Additional questions sheet 

# Mandatory? Performed by: Description 

L.7.1 Mandatory Automated / 
user 

These three questions should be answered for each product. The can be filled by pressing button L.6.2 or by the user itself.  

L.7.2 Mandatory User For some products (f.e. HS chapter 39) additional questions have to be answered by the user to further classify the product. In 
the future it might be possible to automate this task.  

L.7.3 Not applicable Not applicable This button uses the information from L.1.4, L.2.1, L.2.3, L.2.4, L.6.3, L.7.1 and L.7.2 and identifies the cost minimizing 
configuration and associated costs using Algorithm 1. The results are supplied in sheet 8. 

L.7.4 Not applicable Not applicable This button uses the information from L.1.4, L.2.1, L.2.3, L.2.4, L.6.3, L.7.1 and L.7.2 and calculates for each configuration 
associated costs. The results are supplied in sheet 8. 
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Appendix L.8 – Screen 8 – Output summary screen 

Appendix figure L.8 Output summary screen 

# Mandatory? Performed by: Description 

L.8.1 Not applicable Automated The product GMID, plant, used BOM and time interval of shipments (if stated) is provided here. 
L.8.2 Not applicable Automated The total value that is shipped within the EU, to FTA countries and RoW is stated here. These costs are excluding duty costs. 
L.8.3 Not applicable Automated The material versions of each material type are shown here. Each row is another configuration. The configurations are sorted on 

total costs over shipments, from low to high. If button L.7.3 is used, only the cost minimizing configuration and associated 
information is shown. 

L.8.4 Not applicable Automated The total costs over all shipments, material costs over all shipments and duty costs over FTA countries that are associated with 
the configuration are shown here. 

L.8.5 Not applicable Automated Whether the configuration is preferential for all FTA countries that have potential duty costs is stated here. 1 = preferential 
origin, 0 = not a preferential origin. In this case, all configurations would lead to a preferential product. 
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Appendix L.9 – Example of algorithm that identifies tariffs  
Only the import duties of the FTA countries are relevant for the algorithm, so only these are 

calculated. The import duty tariffs are based on the import duties stated in the market database of 

the EU2. Due to the inconsistencies in the 7th to 10th number of the HS codes of a product in different 

countries, it may occur that there is no import duty specified for the given full HS code. For these 

cases an algorithm is written that matches the import duties to the HS code that has the most 

matching numbers starting from the left. If there are multiple options, then the option with the 

highest last number is chosen, since this is commonly the category ‘other’. Appendix K.2 describes 

briefly how this algorithm works using an example.  

 For example, a product with an EU HS code of 39 01 90 00 00 must be further classified for 

exportation to Bosnia-Herzegovina, where the customs authorities distinguish HS codes 39 01 90 30 

and 39 01 90 80, while in Algeria they use the classification 39 01 90 10, 39 01 90 20 and 39 01 90 90, 

in Switzerland 39 01 90 10 and 39 01 90 90 and in South Korea, no further classification is required. 

For these cases an algorithm is written that matches the import duties to the HS code that has the 

most matching numbers starting from the left. If there are multiple options, then the option with the 

highest last number is chosen, since this is commonly the category ‘other’. In this example, the HS 

code 39 01 90 00 00 has with the commodity codes of all countries 6 digits in common, where the 7 th 

digit is different for all countries (except South Korea). In this case, the algorithm will choose the 

highest number, being 39 01 90 90 for Switzerland and Algeria and 39 01 90 80 for Bosnia-

Herzegovina. 

 

 

 

                                                 
2 Source: http://madb.europa.eu 
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APPENDIX M – REFERENCE POINT OF NUMBER OF SALES 
A potential customer of Dow can decide to buy or not to buy Dow’s product. Whether a potential 

customer that buys a product will be seen as a new customer bringing additional value or a potential 

customer that does not buy Dow’s product will be seen as a lost customer bringing additional costs 

is dependent on the reference point. The three most obvious ways are explained in this appendix and 

the choice for the reference point that is used in this thesis is motivated. 

There are three reference points that can be chosen: a reference point where Dow does not make any 

sales, a reference point where Dow sells the product to all potential products and a reference point 

where Dow has the current sales. Taking ‘no sales’ as reference point means that every customer who 

does buy the product adds profit to the company. Taking ‘all sales’ as reference point means that all 

potential customers buy Dow’s product, and that every potential customer who does not, adds 

additional costs. The third way, taking the current sales as reference point, means that every lost 

customer brings additional costs and every new customer adds profit.  

The last way, where the current sales are taken as reference point has the advantage that outcomes 

of the model are easy to compare to the current situation, to see which new customers there are, and 

which customers are lost. A disadvantage of this reference point is that it leads to a more complicated 

model. Furthermore, it is unclear for which potential customers the model should be used. 

For the first reference point, no sales, the advantage is that it leads to a very easy to understand 

model, where each new costumer provides additional profit to the company. However, the 

disadvantage is that it is unclear which potential customers to investigate. Furthermore, this 

reference point leads to problems with the allocation of fixed costs. At a company there are a lot of 

fixed costs, which are independent of the activity happening at the company. These fixed costs are 

allocated to products. If it is assumed that there are no sales, it is not possible to allocate these fixed 

costs to products. For example, if there are fixed costs of €10.000 that have to be allocated over the 

produced products, and the reference point is that there are no sales, then it is impossible to allocate 

these costs over the number of products. Not allocating the fixed costs makes it harder to see what 

the effects are of obtaining or losing a customer. 

The second reference point, which assumes that al potential customers buy Dow’s product and losing 

a customer brings costs is the reference point used in this thesis. It solves the problem with the 

allocation of fixed costs and is also clear in indicating which potential customers are under 

consideration. A disadvantage is that the reference point changes when a new customer is added to 

the set.  

For RQ2, the second reference point will be used. It will be assumed that all potential customers buy 

Dow’s product and losing a customer brings additional costs. 
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APPENDIX N – SHORTCUTS FOR SOLVING SCHEMES 
The computation time to solve solution scheme 1 and 2 can be reduced by taking two simple short 

cuts. Depending on the situation, these shortcuts can significantly reduce the computational time of 

a solution scheme. This appendix briefly introduces these two short cuts. 

Some configurations will have an identical outcome of step 1 for all countries. For example, if there 

are three FTA countries and configuration 1 and 2 are both preferential for FTA countries 1 and 3 and 

not preferential for FTA country 2. It is useless to run step 2 multiple times with identical parameters. 

Therefore, the first shortcut is to run step 2 only with configurations with different outcomes of step 

1. The outcome of step 2 (𝜓𝑣0𝑓1𝑝1) can be copied for all identical configurations. 

The second shortcut is to calculate the costs before shipping, duty costs and lost IPR savings of 

Algorithm 1 for configurations that do not contain Dow’s product (  𝑣1  ∈ 𝑉𝑝1\𝑉𝑝1
𝑝0) only once. The 

costs of these configurations are not dependent on Dow’s configuration and will therefore not change 

if Dow changes its configuration. 



Appendix O - 124 

APPENDIX O – COSTS DIFFERENCE BETWEEN TWO CONFIGURATIONS 
Not selling product 𝑝0 to a customer, leads to the loss of the contribution margin of that customer. 

That contribution margin is the fixed conversion costs plus a profit margin. This can be rewritten as 

the lost revenue, with the material-, variable conversion- and transportation costs deducted from it. 

This is provided in equation (𝑂. 1). 

𝐶𝑓0𝑝0𝑣0𝑓1𝑝1
𝑙𝑜𝑠𝑡 𝑠𝑎𝑙𝑒 ≔ 𝐶𝑓0𝑝0

ℎ,𝑓𝑖𝑥 +𝐶𝑝0𝑛0𝑣0𝑓1
𝑝𝑟𝑜𝑓  

= 𝑞𝑝0𝑓1𝑝1 ∙ (𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒 − ∑ 𝑞𝑣0𝑚

𝑚𝑎𝑛 ∙ 𝐶𝑓0𝑚
𝑚𝑎𝑡

𝑚𝜖 𝐺𝑣0
𝑟𝑒𝑞

−𝐶𝑓0𝑝0𝑣0
ℎ,𝑣𝑎𝑟 )−𝐶𝑝0𝑓1𝑝1

𝑡  
 ∀𝑣0 ∈ 𝑉𝑝0, ∀ 𝑓1 ∈ 𝐹𝑝0

𝑑𝑜𝑚, ∀𝑝1 ∈ 𝐺𝑓1
𝑝𝑟𝑜𝑑 (𝑂.1) 

Next to a possible costs of lost sales, also the manufacturing costs is different between configurations. 

Using Equation (𝑁. 2), the difference in total costs for Dow between 𝑣𝑥 and 𝑣𝑦 is calculated. This 

costs difference is defined as ∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0, which is the costs of configuration 𝑣𝑥 minus 𝑣𝑦. In general, 

∆𝑣𝑥𝑣𝑦 refers to the difference between 𝑣𝑥 and 𝑣𝑦 of the following parameter, where the parameter 

with 𝑣𝑦 is deducted from the parameter of 𝑣𝑥. For example, ∆𝑣𝑥𝑣𝑦𝜓𝑓1𝑝1 = 𝜓𝑓1𝑝1𝑣𝑥−𝜓𝑓1𝑝1𝑣𝑦  and 

∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0
𝑚𝑎𝑛 = 𝐶𝑓0𝑝0𝑣𝑥

𝑚𝑎𝑛 −𝐶𝑓0𝑝0𝑣𝑦
𝑚𝑎𝑛 . The total costs difference for Dow is provided in equation (𝑂.2). 

 

∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0= 

∑ ∑ [𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑓0𝑝0𝑣𝑥
ℎ,𝑓𝑖𝑥 +𝜓𝑓1𝑝1𝑣𝑥  ∙ (𝑞𝑝0𝑓1𝑝1  ∙ [𝐶𝑓0𝑝0𝑣𝑥

𝑚𝑎𝑛 −𝐶𝑓0𝑝0𝑣𝑥
ℎ,𝑓𝑖𝑥 ] + 𝐶𝑝0𝑓1𝑝1

𝑡 ) + (1−𝜓𝑓1𝑝1𝑣𝑥 ) ∙ 𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒]

𝑝1∈𝐺𝑝0𝑓1
𝑐𝑜𝑛𝑠

𝑓1∈𝐹𝑝0
𝑑𝑜𝑚

 

− ∑ ∑ [𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑓0𝑝0𝑣𝑦
ℎ,𝑓𝑖𝑥 +𝜓𝑓1𝑝1𝑣𝑦 ∙ (𝑞𝑝0𝑓1𝑝1  ∙ [𝐶𝑓0𝑝0𝑣𝑦

𝑚𝑎𝑛 −𝐶𝑓0𝑝0𝑣𝑦
ℎ,𝑓𝑖𝑥 ]+ 𝐶𝑝0𝑓1𝑝1

𝑡 )                  

𝑝1∈𝐺𝑝0𝑓1
𝑐𝑜𝑛𝑠

𝑓1∈𝐹𝑝0
𝑑𝑜𝑚

+ (1 −𝜓𝑓1𝑝1𝑣𝑦 ) ∙ 𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒] 

(𝑂. 2) 

= ∑ ∑ [𝑞𝑝0𝑓1𝑝1  ∙ (𝐶𝑓0𝑝0𝑣𝑥
ℎ,𝑓𝑖𝑥 −𝐶𝑓0𝑝0𝑣𝑦

ℎ,𝑓𝑖𝑥 )+𝜓𝑓1𝑝1𝑣𝑥  ∙ 𝑞𝑝0𝑓1𝑝1  ∙ (𝐶𝑓0𝑝0𝑣𝑥
𝑚𝑎𝑛 − 𝐶𝑓0𝑝0𝑣𝑥

ℎ,𝑓𝑖𝑥 )                                                  

𝑝1∈𝐺𝑝0𝑓1
𝑐𝑜𝑛𝑠

𝑓1∈𝐹𝑝0
𝑑𝑜𝑚

−𝜓𝑓1𝑝1𝑣𝑦  ∙ 𝑞𝑝0𝑓1𝑝1  ∙ (𝐶𝑓0𝑝0𝑣𝑦
𝑚𝑎𝑛 −𝐶𝑓0𝑝0𝑣𝑦

ℎ,𝑓𝑖𝑥 )+ (𝜓𝑓1𝑝1𝑣𝑥−𝜓𝑓1𝑝1𝑣𝑦)(𝐶𝑝0𝑓1𝑝1
𝑡 − 𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑝0𝑓1

𝑠𝑎𝑙𝑒  )] 

= ∑ ∑ [𝑞𝑝0𝑓1𝑝1  ∙ (∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0
ℎ,𝑓𝑖𝑥) +𝜓𝑓1𝑝1𝑣𝑦  ∙ 𝑞𝑝0𝑓1𝑝1  ∙ [∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0

𝑚𝑎𝑛 −∆𝑣𝑥𝑣𝑦𝐶𝑓0𝑝0
ℎ,𝑓𝑖𝑥]

𝑝1∈𝐺𝑝0𝑓1
𝑐𝑜𝑛𝑠

𝑓1∈𝐹𝑝0
𝑑𝑜𝑚

− (∆𝑣𝑥𝑣𝑦𝜓𝑓1𝑝1)(𝑞𝑝0𝑓1𝑝1  ∙ 𝐶𝑝0𝑓1
𝑠𝑎𝑙𝑒 +𝐶𝑓0𝑝0𝑣𝑥

ℎ,𝑓𝑖𝑥 −𝐶𝑓0𝑝0𝑣𝑥
𝑚𝑎𝑛 − 𝐶𝑝0𝑓1𝑝1

𝑡  )] 
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APPENDIX P – PRESENTATION POSTER 

 

Appendix figure P.1 - Presentation Poster "The effects of sourcing on preferential origin and associated supply 
chain costs” 


