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Abstract 
With the demand stagnating in western countries, many companies have started looking towards 

emerging countries in search of new sources of growth. In particular the Middle East, Brazil, Russia, 

India and China have been big, fast growing markets with significant opportunities. Unfortunately, 

expansion into these new and often unpredictable markets is neither easy nor inexpensive.  

In this master thesis, we study the design of supply chains in growing regions with volatile demand, 

focusing in particular on the IMEAT region (India, Middle East, Africa and Turkey). We apply our 

findings on the real-life supply chain of Dow, The Chemical Company, and design approaches to solve 

two issues: (1) capacity deficit issues, and (2) supply chain risk issues in emerging markets.   
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Management summary 
In this thesis we present the results of our study regarding the supply chain network design in emerging 

markets. The analysis consists of two separate parts. The first analysis tackles capacity utilization issues, 

and the second analyzes the effect of localizing distribution centers on the performance of a supply 

chain network. As a case study, the complex supply chain of the Dow Coating Materials (DCM) business 

unit of The Dow Chemical Company has been chosen. More specifically, we focus on the part of DCM 

operating in the IMEAT region. 

Problem statement 
DCM’s current business strategy is to double the volume sold in the IMEAT region over the next five to 

ten years. Unfortunately, DCM is already experiencing capacity issues in this region. Currently, this 

problem is solved by shipping products from European plants and warehouses to the customers in the 

IMEAT region. Due to the expected growth, such solutions will not be economically feasible anymore 

in the future. The goal of this research is to design Dow’s supply chain to accommodate for the growth 

in demand.  

The research question below is formulated to generate valuable information for DCM. At the same 

time, it aims to deliver academic knowledge and contribute to existing literature.  

How to design and control a supply chain in order to accommodate for high growth in demand in a 

volatile market with unreliable end-product forecast? 

Analysis of current supply chain network 
We begin with an analysis of the current situation, starting with an extensive risk analysis which 

combines results from the literature with the practical knowledge of internal stakeholders. In order to 

determine the specific risk factors for DCM, a Failure Mode and Effect Analysis (FMEA) was conducted. 

From the analysis, the following were identified as the most impactful risk factors to consider during 

the redesign: 

- Volatility of economic climate creates an uncertain supply chain 
- Less developed infrastructure and administrative processes increase complexity of the 

supply chain 
- Exposure to long lead times makes supply chain prone to disturbances 
- Little to no insight into single sourced risk 

The insights obtained during this analysis provide us with an important understanding of aspects 

which need to be taken into account with the redesign. 

Redesign 
Based on the problem definition and the risk analysis, we formulated the direction of the redesign. The 

goal of the redesign is twofold; we aim to reduce the capacity utilization, whilst simultaneously 

designing the supply chain to mitigate the effect of the identified risk factors. Hence, the analysis has 

been separated in two parts, each tackling a part of the problem individually. 

Capacity utilization analysis 

Two methods for increasing capacity are distinguished: improving existing capacity locations and 

implementing new capacity facilities. Both methods can be used to reduce the capacity utilization, 
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Figure 0.1: Decision Tree 

Figure 0.2: Blue line represent flexible network; yellow line represents 
increased stock network 

though each method is preferred in different situations. In order to structure the decision making 

process, the following decision tree is created. The arrow represents the DCM case. We conclude that 

the ideal strategy for DCM consists of a combination of both methods. 

Two locations for a new 

production facility were 

considered: Kingdom of Saudi 

Arabia (KSA) and Egypt. We 

conclude that a production 

facility in KSA has a more 

significant effect on the 

utilization rates experienced by 

existing factories compared to 

Egypt. Additionally, the KSA 

scenario requires less secondary 

investments (i.e. less shipments 

between factories or increases in 

current capacity). Moreover, KSA also scores much better on qualitative measurements like corruption 

level, ease of doing business, innovation index and logistics performance index. 

Moreover, we argue that limiting the solution to only a new production facility is not sufficient to tackle 

the utilization rate problem at every factory. An additional secondary solution, investing in the capacity 

of existing factories or shipping products between factories, is required to assist the factories that 

remain unaffected by the new production plant.  

Finally, a new concept was introduced, namely the concept of flexible capacity networks. Flexible 

capacity usage can be defined as the ‘ability to adjust the total production capacity in any period’ (Alp 

& Tan, 2008). Applying this to the Dow case, it would mean that factories save a fraction of their 

capacity in order to assist other factories when they receive an unexpectedly high volume order. In 

Dow’s current supply chain set-up, it is practically impossible to utilize this strategy due to two reasons: 

(1) long lead times between factories 

and (2) lack of capacity. Choosing a 

strategic location for the new 

production facility removes these 

barriers, which can make this a design 

decision with a lot of potential. The 

graph to the right shows the relation 

between the demand variability and the 

service level of both models. It is clear 

that the flexible network functions a lot 

better than a traditional network, 

especially with highly volatile demand.  

Design for risk factors 

The second objective of the redesign, is to create a network that is resilient against the risk factors 

identified. We argue that designing a more flexible network is necessary in order to tackle the 
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identified risk factors. Multiple possible methods for increasing flexibility were identified in the 

literature (EPCA, 2013). During this project, we focus predominantly on the method, ‘localization 

distribution centers’. 

The main benefit of delivering customers through a D.C. is the lower lead time DCM is able to provide 

to its customers. The main advantage is that this helps DCM to compete with its local competitors. 

Nigeria and Angola, both of which have a relatively huge total market size, are currently only captured 

by 0.25% and 0.44% respectively. Looking at the total region, Dow currently captures 0.61% of the 

market share, so there is a huge market available for Dow to expand in. Using the data that was 

available, we determined an average standard margin of 34.845% in 2015 in the existing situation. 

Increasing the total costs by $169486.9 USD, which are incurred in the D.C. scenario, reduces the 

margin to 28.095%.  

Using this information, we can determine the payback period for potential investment costs which is 

required to initiate the transformation process from the current situation to the new situation. The 

results are assuming everything else to remain constant. Note that the investment costs does not 

necessarily have to be in terms of USD in practice. It also implies the time and effort that needs to be 

put into changing the status quo by the parties involved. 

Investment Cost/Future 
market share 

5% 10% 15% 

1 million 0.420 0.210 0.140 

2 million 0.839 0.420 0.280 

3 million 1.259 0.629 0.420 

4 million 1.678 0.839 0.559 

5 million 2.098 1.049 0.699 

Table 0.1: Payback period for certain investment costs (years) 

Recommendations DCM 
- Gain more insight into single sourced risk. Verify if products are truly single sourced and take 

appropriate further steps (i.e. either look for back-up suppliers or increase inventory). 

- Put more emphasis on a responsive supply chain in the IMEAT region 

- Combine a production facility in KSA with additional secondary methods to solve the capacity 

issue. 

- Implement a D.C. in the Western Africa hub to capture a higher market share. 

- Use the tools presented in this research to evaluate additional scenarios. 
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1. Introduction 
In this report we present our study on supply chain network design specifically aimed at emerging 

markets. Emerging markets typically have the characteristic of being fast-growing and volatile regions, 

putting more challenges on the supply chain. This study was conducted at the supply chain department 

of Dow, The Chemical Company and was specifically aimed at their Dow Coating Materials (DCM) 

business unit.  

Dow’s current business strategy is to double the volume sold in emerging markets over the next five 

to ten years. The majority of the growth is planned to originate from countries in the IMEAT region 

(India, Middle East, Africa and Turkey). Unfortunately, Dow is already experiencing capacity issues in 

this region. The demand has, in most cases, exceeded the available capacity from the local Dow 

production plants. Currently, this problem is solved by shipping products from European plants and 

warehouses to the customers in the IMEAT region. Due to the expected growth, such solutions will not 

be economically feasible anymore in the future.  

The goal of this research is to design the Supply Chain to accommodate for the growth in demand. 

Obtaining a good understanding of what the effect of the increased demand translates into for the 

network and the upstream businesses is a crucial element of the project. Moreover, the IMEAT region 

is a relatively unknown environment, with highly volatile demand and supply. Obtaining insight into 

the different risk factors of the supply chain, which can ultimately influence supply and demand, is 

essential. The redesigned supply chain should be able to minimize the effects of these risks. 

We kick off the thesis with an introduction to the company and present a brief discussion of the 

research problem in this chapter. Additionally, at the end of the first chapter we present our research 

questions, methodology and scope. 

1.1 Company description 
The Dow Chemical Company, often referred to as Dow, is a multinational chemical corporation. Dow 

was founded in 1897 by Herbert Henry Dow in Midland, Michigan, where the headquarters can still be 

found today. Originally, Dow’s product portfolio was limited to only bleach and potassium bromide. 

Nowadays, Dow produces more than 6000 different products at 201 production sites located all over 

the world. The company continues to grow as they report revenues of over $20 billion and an increase 

of 14% in earnings per share in 2015 compared to the previous year. 

Dow has a complex business structure, which consists of multiple layers. This project is conducted for 

the Acrylic Envelope, specifically for the Dow Coating Materials (DCM) and the Performance Monomers 

(PM) business units. 

1.1.1 Acrylic supply chain 

The DCM and PM business units are related in the sense that the products which are created by the 

Performance Monomers business units (i.e. monomers) are the main input materials for the coating 

materials. This process is shown graphically in figure 1. 
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Figure 1: Acrylic Envelope SC process 

Performance Monomers 

The Performance Monomers (PM) business produces specialty monomer products that are sold 

externally as well as consumed internally. The products are used in a myriad of applications, including 

cleaning materials, personal care products, paints and coatings. Most of the produced monomers are 

pushed to the Dow Coating Materials (DCM) based on the forecasted demand. The remaining 

monomers are sold on the Merchant Market (MM). As selling coating materials offers much more 

profit than selling raw monomers on the MM, it is desired to push as many monomers to DCM as 

possible. The PM supply chain is graphically represented in figure 2.  

 

Figure 2: Supply Chain Performance Monomers 

Dow Coating Materials 

The Dow Coating Materials (DCM) business unit is focused on advancing the technology of paints and 

coatings, as well as industrial coatings applications like paper, leather, concrete, wood, automotive, 

maintenance and protective industries. The business unit is relatively new, only gaining in size and 

importance after Dow’s acquisition of the chemical company Rohm and Haas in 2009. Nowadays, DCM 

has a portfolio of over 300 different products, grossing nearly 2.8 billion in 2014 (Dow annual report, 

2014). DCM has 37 manufacturing sites and 2500 employees operating all over the world. Inside the 

IMEAT region, the following five plants operate: Factory A, Factory B, Factory C, Factory D and Factory 

E. The remaining factories are outside the scope of this project.   

The most important input materials for the DCM production process are the monomers produced by 

the Performance Monomers business unit. Besides those, more than 100 different raw materials are 

used at every production site. Figure 3 represents DCM’s supply chain. 

Raw Materials Production of monomers Monomers Coating Materials

Shipment to warehouse or 
storage tankers

Shipment internal

Shipment external
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Figure 3: DCM production process 

1.2 Problem identification and project assignment 

At the moment, the demand in the IMEAT region exceeds the available capacity from the local DCM 

production plants in most cases. Currently, this problem is solved by shipping products from European 

plants and warehouses to the customers in the IMEAT region. Due to the expected growth, such 

solutions are not economically feasible anymore in the future.  

1.2.1. Main research question 

Based on this description, the following overarching research question is formulated: 

How to design and control a supply chain in order to accommodate for high growth  

in demand in a volatile market with unreliable end-product forecast? 

As Supply Chain Network Design (SCND) is a broad topic, many characteristics of supply chains and 

supply chain management need to be incorporated in the research before the research question can 

be answered properly. These characteristics are addressed in the sub-research questions.  

1.2.2. Sub research questions 

The following sub-research questions are formulated: 

1. What are the main risk factors present in the supply chain and how do these influence supply 

and demand?  

This question addresses the supply chain risks. It is important to analyze the possible risk factors which 

can alter the supply or demand in the supply chain in order to design a ‘robust’ supply chain (i.e. a 

supply chain which can deal with these risks to an adequate degree).  

2. Which concepts of SCND can be implemented in order to mitigate the impact of the identified 

supply chain risks? 

Building upon the results of the first sub-research question, the second research question aims to 

identify concepts which have proven to work in situations similar to the one of Dow Chemicals. These 

methods need to be evaluated and tested. For most concepts, the application of a simulation model is 

the preferred method. Simulation is chosen because SC performance measures, such as SC fill rate and 

total cost, cannot be obtained analytically due to the presence of various sources of uncertainty and 

the complexity of the relations describing SC processes (Petrovic, Simulation of supply chain behaviour 

and performance in an uncertain environment, 2001).  

Raw Materials Production of Base
Materials

Shipment to packaging
location

Base Materials

Shipment to packaging
location

Rename Products

Rename Products

Package products Packed products

Shipment packs 
to customers

Bulk products

Shipment bulk 
to customers
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3. What effect does the localization of a distribution center or production facility in the region 

have on the performance of the supply chain? 

In this research question we create a quantitative model in order to assist decision making in the 

localization decision process of a distribution center or a production facility. Based on the quantitative 

model output, the performance of different scenarios can be evaluated and compared. 

 

1.3 Methodology 

The methodology used in this research is shown in figure 4. This figure represents the structure of the 

problem solving process. The structure is based on the reflective and regulative cycle as defined by 

Van Aken et al. (2007).  

 

Figure 4: Reflective and regulative cycle (Van Aken, Berends, & Van der Bij, 2007) 

The regulative cycle is executed based on the set of problems identified in the previous section. The 

goal is to identify potential solution methods. In further researches, results of these solution methods 

can be reflected upon, and the reflective cycle can be finished.  

1.4 Scope of the project 
The scope of this project is limited in different ways. First of all, the project is limited to the PM and 

DCM business units within Dow. Furthermore, the purpose of the project is to redesign the supply 

chain towards the IMEAT region. The scope of the project is therefore limited to this region as well. 

Even though some of the other regions, in particular North America and Europe, influence the supply 

towards this region, the emphasis is put on the IMEAT region in this research. 

According to Farahani et al. (2014), SCND involves three levels of decisions: strategic, tactical and 

operational decisions. Common decisions of each level can be seen in figure 5. This research is limited 

to decision making at the strategic and tactical level.  Decision making on the operational level is 

deemed too specific for the research and is therefore not discussed. 
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Figure 5: SCND decisions (Farahani R. , Rezapour, Drezner, & Fallah, 2014) 

 

1.5 Thesis outline 
The remainder of this paper is organized as follows: we start with an analysis of the current supply 

chain, and identify the most impactful risk factors in Chapter 2. Chapter 3 focusses on the current 

capacity utilization and the projected future capacity requirements. In Chapter 4, insight is given on 

multiple solution methods identified from the literature. Moreover, we present the direction of the 

redesign in this chapter. Furthermore, we present our redesigns in Chapters 5, 6 and 7. Finally, in 

Chapter 8 we reflect back on the results of the analyses and we present our recommendations.  
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2. Supply chain risk analysis 
A proper supply chain should be able to predict risks and deal with them effectively. Unfortunately, 

this is extremely difficult in practice. More often than not, individual risk factors are interconnected. A 

solution which on paper may mitigate one type of risk could end up aggravating a different one at the 

same time. In this section, we aim to provide a good understanding of supply chain risk. The goal of 

this analysis is to gain more insight into the factors that limit our design possibilities and gain a better 

understanding of aspects which need to be taken into account with the redesign. For our research, we 

focus specifically on the risk factors inherent to emerging markets. 

2.1 Literature review: Risks in emerging markets 
With the demand stagnating in western countries, many companies have started looking towards 

emerging countries in search of new sources of growth. In particular the Middle East, Brazil, Russia, 

India and China have been big, fast growing markets with significant opportunities. Unfortunately, 

expansion into these new and often unpredictable markets is neither easy nor inexpensive. Below, we 

summarize the most common risk factors present in emerging markets found in the literature.  

Risk factors emerging markets: 

- Emerging markets typically lack adequate infrastructure (Silvestre, 2015), which is required to 

facilitate the efficient movement of goods and information (Binswanger et al., 1993, Peck, 

2005).  

- Corruption hinders economic development in emerging economies (Guasch and Straub, 2009, 

Black and Morris, 2009, Silvestre, 2015).  

- An excessive bureaucratic environment reduces the speed at which decisions are made and 

facilitates corruption (Silvestre, 2015). 

- Intricate tax systems and overly bureaucratic governments reduce transparency and add 

complexity for firms and supply chains (Siqueira et al. 2001). 

- Controversial social issues such as social exclusion, wealth concentration and high 

crime/violence rates complicate the management of supply chains (Hoskisson et al. 2000). 

- The absence of institutional regulation in the informal economy impacts SC performance in 

areas such as wages, benefits and work conditions (Castells and Portes, 1989).  

- Institutional and structural changes in emerging economies are often nontransparent, opaque, 

unpredictable and unverifiable (Peng and Heath, 1996) 

 

It is important to carefully evaluate these factors for every potential country. Not only does it influence 

the way of doing business and the profitability of the business, some of these factors can have serious 

consequences for the image of the company (i.e. when the company does not deal with worker 

conditions or crime/violence correctly).  

2.2 Failure mode and effect analysis 
We expand on the knowledge obtained through the literature review, by conducting a Failure Mode 

and Effect Analysis (FMEA). FMEA is a widely used structured technique for failure analysis. The steps 

for conducting an FMEA are summarized in table 2. Note that for this analysis, five supply chain 

planners (one for each factory) were involved. Additionally, we confirmed the results with supply chain 

leaders responsible for the IMEAT region. 
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Table 1: Steps for conducting an FMEA 

Step 1 Select process and assemble the 
team 

Step 5 Prioritize failure modes 

Step 2 Diagram the process Step 6 Redesign the process 

Step 3 Brainstorm potential failure modes 
and determine their effects 

Step 7 Analyze and test the changes 

Step 4  Identify the causes of failure modes Step 8 Implement and monitor the 
redesigned process 

 

The FMEA led to the following general conclusions: 

- Volatility of economic and regulatory climate creates an uncertain supply chain 
- Less developed infrastructure and administrative processes increase complexity of the 

supply chain 
- Exposure to long lead times makes supply chain prone to disturbances 
- Little to no insight into single sourced risk 

The mentioned risk factors were given the highest scores in terms of severity, occurrence and 

detectability.  The first three factors are largely in line with the outcome of the literature review about 

risk factors in emerging markets, confirming our expectations.  

One surprising risk factor is the last one mentioned on the list: ‘little to no insight into single sourced 

risk’. Single sourced risk is defined as the risk that a company exposes itself to by having only one 

supplier for a particular material. The lack of insight was mentioned by several professionals, but it 

apparently does not have a significant impact on supply chain operations yet. However, it is a crucial 

risk factor which can become a serious threat when the order volumes are increased. Therefore, we 

dedicate the next section to give more insight into single sourced risk at DCM. 

2.2.1 Single sourced suppliers 

In total, approximately 150 different materials are used in the DCM production operations. 

Unfortunately, not much insight is available on which materials are single sourced and which materials 

have back-up suppliers. Formally, a list of suppliers is available, however, this list has not been kept 

up-to date. In many instances, backup suppliers have not been used for an extended period of time. 

Therefore, it is unknown if these suppliers still comply with Dow’s quality standards. The qualification 

process usually takes a long time, which makes it difficult to switch to these suppliers in emergency 

situations. Moreover, some backup suppliers listed in the document are already out of business, but 

are still listed as a backup supplier. These issues give planners a false sense of security, and should be 

looked into.  

We attempt to shed light into this issue by identifying the single sourced materials in the DCM business. 

A supplier is counted as a valid, qualified supplier for the DCM factory, as long as: 

- Materials have been received from the supplier within the past 3 years 

- Supplier is in the same region as the factory 

Moreover, we also link the materials to the total revenue of the end products, in order to obtain insight 

into the importance of the materials. This resulted in the rankings of materials seen in table 3. A more 

complete list can be found in the single sourced Excel document. The column ‘Vendors’ represents the 



 

8 | P a g e  
  

amount of valid suppliers restricted to the specific factory. ‘Vendors2’ represents the amount of 

vendors in the region. 

Table 2: Materials with number of vendors 

Material 
Material 
Name 

Vendors Vendors2 Plant 
Plant 
Name 

Sum of 
Net sales 
value 
product 

10072057 Material A 1 8 A050 Factory E 65894.024 

10072057 Material A 1 8 A037 Factory D 65894.024 

10072057 Material A 1 8 F428 Factory B 65894.024 

10072102 Material B 1 5 F428 Factory B 65317.699 

10072102 Material B 2 5 A037 Factory D 65317.699 

10072102 Material B 1 5 A050 Factory E 65317.699 

10072375 Material C 1 1 F428 Factory B 63069.849 

10072078 Material D 1 4 F428 Factory B 52360.843 

10072078 Material D 1 4 A050 Factory E 52360.843 

10072078 Material D 1 4 A037 Factory D 52360.843 

 

We do not go into more detail on selecting additional suppliers for the single sourced materials. This 

is an important issue, which can put a huge constraint on the capabilities of the supply chain. We 

recommend this issue as an avenue for further research. 
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3. Analysis of utilization rate evolution and demand allocation 
In this chapter we analyze how the utilization rates of the factories are projected to develop over the 

coming years. We aim to give more insight into tactical features in the supply chain, by describing the 

as-is situation within the DCM business. One important tactical aspect is the current demand allocation 

over the factories. The allocation combined with the projected demand growth of each country is used 

to determine the increase in capacity requirement. 

3.1 Demand allocation 
It is important to identify which factories and warehouses supply to which countries. By doing so, we 

are able to determine which capacity is used in order to fulfill demand in a certain country. When 

demand in said country increases, the burden on the corresponding factory will increase 

simultaneously. In most cases, demand from a certain customer is assigned to its nearest factory. 

However, this is not always the case due to certain factory restrictions. Several products require a 

certain machine or raw material to be produced, which are not always available at every factory. 

Moreover, in some situations customers are supplied from a different factory due to capacity 

shortages. We have created pie charts for each factory, in order to visualize how capacity is currently 

used in order to fulfill demand from the IMEAT region. The results can be found in appendix C. 

3.2 Demand growth 
Two forms of demand growth are distinguished: inherent demand growth, and growth due to increase 

in market share. We assume that current customers will increase their demand proportionally to the 

increase in buyer power in the respective country (i.e. we call this the inherent growth). To elaborate, 

the assumption is made that current customers will increase their demand by the same rate as the 

GDP growth in their country of origin. This assumption makes sense, as the demand for products in 

which DCM materials are used (i.e. paint for houses, cars etc.) is likely to increase as the buyer power 

increases. The growth rates used for the analysis can be found in appendix D. 

3.2.1. Inherent demand growth 

Using the demand allocation and the expected demand growth over the coming years, the utilization 

rate evolution for the coming year is determined. The goal of these graphs is to shed some insight into 

the minimal amount of capacity that is required in the short term to deliver existing customers.  

 

Figure 6: Utilization rate evolution due to 
inherent demand growth 
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Figure 7: Surplus or deficit in capacity 

Figure 6 and 7 show how the utilization rate develop from 2016 to 2017, based on the inherent growth 

alone. We see that every factory except Factory D (A050) crosses the 100% utilization rate threshold if 

no new capacities are added. This means that something has to be done before 2017. This is an 

extremely short timeframe, which should be taken into account during the redesign. Moreover, in 

appendix A we show similar figures for a pessimistic and an optimistic scenario. They all show 

comparable results.  

3.2.2 Incorporating market share evolution 

The second cause of an increase in demand is due to an expansion of the market share in the region. 

As data regarding DCM’s market share is not available, determining DCM’s current market share could 

only be done based on a multitude of assumptions. First of all, according to one of the senior supply 

chain leaders at Dow, DCM currently has a market share of about 1.13% in U.A.E. Combining this with 

the total revenue of DCM, the total market size in U.A.E. is estimated. We then assume that the 

proportional market size compared to the absolute GDP of a country is the same for each country.  

Based on this, the existing market share of DCM in each country could be determined. The results are 

shown in table 4. Dow tends to have a higher market share in countries where Dow is physically 

established. This makes sense, as Dow is able to compete in terms of customer service (delivery time 

to customer) with the regional competitors.  

Increasing the market share can have a large effect on the utilization rates. The exact effects can be 

estimated by using the utilization rate analysis tool provided with the thesis. However, based on the 

previous analysis with only the inherent growth rates, it is clear that there is no capacity available to 

expand the market share with the current set-up. Future analysis should determine the expected (or 

desired) market share evolution in each country, and calculate the corresponding need for capacity by 

using the utilization rate analysis tool. Figure 8 shows the utilization rate evolution solely based on a 

market share increase of 5% in every country (i.e. disregarding the inherent demand growth). Appendix 

A shows similar figures for a pessimistic and an optimistic scenario. 
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Figure 8: Utilization rate evolution based on 5% market share increase scenario 

It is clear that the market share increase can have a significant impact on the future capacity 

requirements. Putting a minimum of only 5% market share in the countries where DCM is currently 

active, already doubles the capacity requirements of Factory A. We can conclude that DCM has to 

increase their capacity significantly before a market expansion is considered.  

Table 3: Current Market share DCM 

Countries to 
serve 

Total revenue 
country 

% of market 
share 

Paint industry 
size 

Algeria 50898.59 0.00736 9480107 

Bahrain 109.2452 9.96E-05 1502970 

Bangladesh 15958.21 0.00285 7676108 

Cameroon 1504.38 0.001449 1423051 

Cote d'Ivoire 8482.528 0.007646 1520863 

Egypt 128437.1 0.013152 13386426 

Ghana 5104.753 0.004081 1714578 

India 503039.6 0.007582 90953273 

Iraq 3575.215 0.000494 9923304 

Israel 17973.63 0.001815 13571838 

Jordan 20335.74 0.017525 1590703 

Kenya 4586.715 0.002324 2705577 

Kuwait 9849.027 0.001859 7264302 

Lebanon 25191.73 0.017008 2030437 

Libya 6545.613 0.004912 1826731 

Morocco 13819.41 0.003878 4884352 

Nigeria 1343.266 7.3E-05 25241510 

Oman 43146.72 0.016286 3631752 

Pakistan 3994.899 0.000506 10817156 

Qatar 720.9327 0.000106 9328749 

Saudi Arabia 183249.6 0.007505 33469816 

South Africa 164547.7 0.014509 15546110 

Sri Lanka 25191.73 0.009867 3499752 

Tanzania 3961.844 0.002545 2133710 

Tunisia 6149.137 0.003905 2158396 

Turkey 243553 0.009418 35449904 

Uganda 1889.848 0.002161 1198700 

Utd.Arab Emir. 147240.4 0.0113 17861947 

 

3.3 Expanding time horizon 
The goal of the project is to design a supply chain which can deliver the demand for years to come. 

Hence, it is crucial to get a decent understanding of the demand evolution over a longer period of time. 
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We extend the time horizon by 15 years in this section, and evaluate the projected utilization 

requirement growth for multiple market share scenarios. 

Figure 9 shows the capacity requirement evolution for the next 15 years. In this scenario, we assumed 

that Dow will obtain a minimum market share of 5% or higher in every country. If Dow already had a 

market share higher than 5%, that percentage is used instead (i.e. market share = max(5%,previous 

market share)). Other scenarios are shown in E. For the analysis, we ignore Dow’s potential of entering 

new countries. 

 

Figure 9: Capacity requirement expanded timeframe (min 5% marketshare scenario) 

3.4 Timeline; when to add new capacity 
We used Monte Carlo simulation in order to determine the probability that a certain factory surpasses 

the 100% utilization rate in the years to come, in order to identify when new capacity should be 

implemented at each factory. This analysis is based on the inherent growth only. We used the GDP 

growth rates, together with a simulated error term in order to determine future demand. The error 

term is defined as the percentual error in the growth rate.  We assume it follows a uniform distribution 

between [-100,100]. The results showed that in all scenarios, the capacity at Factories B, C and D need 

to be increased within the first year. The results for Factory A and Factory E can be found in figure 10. 

 
Figure 10: Probabilities of exceeding capacity in coming years 

From the simulation results we can conclude that there is a probability of 91% that the capacity 

requirements at Factory A will exceed its capacity in 2016. For Factory E, it is most likely that the 

capacity will be exceeded around 2019. 
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4. Supply Chain Concepts 
In this chapter we aim to provide a deeper understanding of frequently used supply chain design 

concepts. We first introduce several supply chain paradigms, mainly focusing on the concepts of ‘Agile’ 

and ‘Lean’. Additionally, we briefly discuss other cases of supply chain redesign found in the literature. 

Finally, we use this opportunity to introduce the direction of our redesign in section 4.2.  

4.1 Supply chain paradigms 

According to Farahani et al. (2014), the areas of the supply chain which are focused on by a company, 

depends on the paradigm through which Supply Chain Management (SCM) is viewed by the company. 

Farahani et al. mentions several relevant SCM paradigms, namely Lean, Agile/Responsive, Green, 

Sustainable and Risk management. We focus on the lean and agile paradigm, and briefly discuss them 

in this section. Figure 11 gives a graphical representation of the objective functions of SCND under 

each paradigm. 

 

Figure 11: Business functions under each paradigm (Farahani R. , Rezapour, Drezner, & Fallah, 2014) 

4.1.1 Lean SC 

The lean supply chain paradigm is focused around eliminating any non-value adding activities. It has 

been around for many years in manufacturing, but has only recently been applied to supply chain 

management. This paradigm is mostly centralized around the economic considerations, and is focused 

on minimizing the overall costs of the supply chain. Wee and Wu (2009) propose a tool based on Value 

Stream Mapping which can be used for the implementation of lean production. Lean works best in 

high volume, low variety and predictable environments (Christopher, 2000). 

4.1.2 Agile/Responsive SC 

The agile or responsive supply chain paradigm is aimed at the reaction speed of companies towards 

the changing expectations of customers. In today’s competitive market, companies need to retain an 

environment which is flexible enough to keep up with the changes. This could be achieved through 

reducing the time to market. Therefore, this paradigm has a significant impact on the entire supply 

chain, requiring a collaborative network of partners, information technology and knowledge sharing 

Chistopher and Towill (2001).  

In his paper, Christopher (2000) claims that agility is the key to survival in turbulent and volatile 

markets. Slow-moving logistics “pipelines” have become unsustainable as life cycles have shortened 

and global economic and competitive forces have created additional uncertainty. A major issue in most 
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supply chains is the lack of visibility of real demand. Most of the time, inventory and production are 

scheduled based on forecast-driven data, instead of demand-driven data. Especially in volatile markets, 

this may lead to large discrepancies between supply and demand.  

4.1.3 Leagile 

Christopher (2000) mentions in his paper that the three critical dimensions of variety, variability (or 

predictability) and volume determine which approach – agile or lean – is most appropriate. Figure 12 

gives an indication of when each paradigm is preferred. 

 

Figure 12: Agile or Lean, Christopher (2000) 

According to the paper of Naylor, Naim and Berry (1999) lean and agile should not be considered in 

isolation, and a SC can incorporate a combination of the two paradigms. The hybrid variation of lean 

and agile systems is also known as ‘leagile’, and fits into the upper-right corner of the figure shown in 

figure 12.  

4.2 Applying paradigms on the DCM case 
The situation of the DCM supply chain operating in the IMEAT region poses multiple interesting 

challenges. The products delivered by DCM can be seen as high volume commodities, and are 

therefore usually low-uncertainty products. However, in this case, the risk is not inherent to the 

products, but rather to the market. As was identified during the risk analysis, demand is extremely 

variable in the IMEAT region. The volatile market pushes the situation from the lower right corner, 

where ‘lean’ was the preferred supply chain approach, to the upper right corner. This means that a 

combination between agile and lean (“leagile”) is preferred. According to conversations with Dow 

employees, the current focus is mainly on cost reduction.  

We argue that designing a more flexible network is necessary in order to tackle the identified risk 

factors. Multiple possible methods for increasing flexibility were identified in the literature (EPCA, 

2013), and all of these methods have been applied successfully in practice. These have been given a 

score based on the foreseen impact and the implementability of the solution and can be seen in table 

4.  
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Table 4: Potential solutions 

Possible solution Issue Addressed Impact Implementable Total 

Increasing stock levels Reduce uncertainty supply chain 5 8 13 

Localization distribution 

centers 

Reduce lead times 

Manage uncertainty supply chain 

Increased flexibility 

7 6 13 

Shifting decoupling point 

upstream 

Improved forecast 

Reduced uncertainty supply chain 

6 5 11 

Customer and product 

segmentation 

Reduce SC complexity 

Improve customer service 

4 8 12 

Flexible sourcing Manage uncertainty supply chain 5 6 11 

Horizontal supply chain 

collaboration (joint shipments, 

collaborative planning) 

Transportation cost reductions 

Improved truck utilization 

8 3 11 

 

This research focusses predominantly on the second method, ‘localization distribution centers’. This 

solution has been rated the highest together with ‘increasing stock levels’. At the same time, it is a 

more interesting topic to pursue than simply increasing stock levels. Also, the nature of Dow’s situation 

only allows for a limited increase in stock levels. At a certain point in time, storage capacity will be 

exhausted, and different methods need to be evaluated. The chosen method, ‘Localization of 

distribution centers’ is elaborated in more detail in Chapter 6. 

4.3 Key Performance Indicators 

Before we dive into our models, it is important to cover the Key Performance Indicators (KPI’s) used 

for the analysis. We distinguish between qualitative and quantitative, both of which are extremely 

important. The qualitative arguments usually put a hard-constraint on the feasible set of locations. 

Factors like worker conditions and corruption can be reasons to avoid a certain country completely. 

Quantitative arguments show a calculable difference in parameters between the different options. 

These factors are measurable and therefore more intuitive to use during the decision making process. 

We give a brief description of the relevant KPI’s in the following section. 

4.3.1 Qualitative arguments 

In Chapter 2 multiple risk factors were identified based on a literature review and FMEA study. It is 

important to carefully evaluate these factors for every potential country. Not only does it influence the 

way of doing business and the profitability of the business, some of these factors can have serious 

consequences for the image of the company. The qualitative analysis is conducted by providing scores 

based on several criteria. These scores are based on data supplied by renowned organizations like the 

World Bank Group.  

The criteria used for the analysis are: 

- Corruption Perception Index 

- Global Innovation Index 

- Political Environment Rankings 

- World Bank’s Ease of Doing Business 

- World Bank’s Logistics Performance Indicator  

- World Bank’s GNI per capital 
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These specific criteria were chosen based on their relevance for the emerging market specifically. 

Corruption, infrastructure (i.e. based on logistics performance indicator) and political unrest are all 

important risk factors identified during the risk analysis. Global innovation index is a good 

representation of a country’s intention to develop and improve. Moreover, the World Bank’s Ease of 

Doing Business score takes into account multiple factors necessary for operating in a certain country 

(e.g. availability of electricity, exporting and importing costs, ease of obtaining licenses etc.). Finally, 

the World Bank’s Gross National Income (GNI) per capital is a decent representation of the region’s 

buying power.  

4.3.2 Quantitative arguments 

Qualitative evaluations such as ‘good’, ‘decent’ and ‘bad’ are often vague and difficult to solely base 

decisions on. Consequently, the qualitative KPI’s must be combined with quantitative KPI’s in order to 

compare different scenarios with each other. Once again, we attempt to choose the KPI’s based on the 

results of the risk analysis. Recall that the general risk factors were summed up as follows: 

- Volatility of economic climate creates an uncertain supply chain 

- Less developed infrastructure and administrative processes increase complexity of the supply 

chain 

- Exposure to long lead times makes supply chain prone to disturbances 

The goal of the facility location analysis is to determine a supply chain setup which increases capacity 

whilst simultaneously mitigating the effects of the risk factors mentioned above. As argued in 4.1, the 

volatile conditions can be tackled by building a more flexible supply chain. Combined with the other 

two risk factors, it is clear that shortening the lead times is extremely beneficial to the business. 

Therefore, the following KPI’s were identified: 

- Lead times 

- Average stock inventory levels 

- Fill rate 

- Costs (inventory holding, stock-out, transportation) 
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5. Capacity problem  
The focus of this chapter lies on the main objective of this research: solving the capacity shortage issue. 

Two methods for increasing capacity are distinguished: improving existing capacity locations and 

implementing new capacity facilities. Both methods lead to a direct decrease in capacity utilization of 

the existing production facilities, but have different secondary effects. These methods are both valid 

solutions, but should be used in different circumstances. This section describes the differences in more 

detail. 

5.1 Existing capacity locations vs. new capacity facility 
Figure 13 shows the advantages and disadvantages of both methods. 

 

Figure 13: Advantages and disadvantages capacity increasing methods 

 

The IMEAT region is huge and consists of widely dispersed customers served by different factories 

throughout the region. Due to the sheer size and customer dispersion of the region, there is no ideal 

location for a facility from which all customers can be delivered with a satisfying lead time. Moreover, 

it is clear that customers are always delivered from their closest feasible supplier. Therefore, locating 

a new production facility does not reduce the utilization rate of all existing factories. Customers are 

still allocated to their original supplier if the distance to the new facility is not shorter than the distance 

to their original supplier. In these cases, implementing a new capacity facility is not sufficient to solve 

the utilization issue at all existing factories. Combined with the, likely to be, much higher costs of 

building a new production facility, this method of increasing capacity seems less attractive than simply 

increasing the capacity of existing production facilities. 

However, there are circumstances in which a new capacity facility can be beneficial. For example, 

implementing a new production facility in a new country also reduces the time to serve greatly for the 

local market, which is an extremely valuable competitive advantage. More importantly, it makes it 

possible for companies to compete with local competitors as well. In order for the increase in demand 

to warrant the costs for building the factory, the total volume sold in the region should be sufficiently 

large. 

In order to structure the decision making process, we created the decision tree shown in figure 14. 
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Figure 14: Decision tree increasing capacity (arrow represents DCM case) 

5.3 Applying on the DCM case 

We apply the decision tree on the DCM case, resulting in the path represented by the arrow in figure 

14. Based on the figure, we propose a combination of both solution methods for the DCM case. A new 

production facility needs to be placed, and the capacity of unaffected existing factories should be 

increased.  

This raises two questions: (1) What is the best location for the new facility? (2) How much additional 

capacity do we need at existing factories? 

We tackle these questions through a scenario-based approach, as the answer of the second questions 

depends on the outcome of the first. We start by limiting ourselves to a feasible set of locations, chosen 

based on the knowledge of internal stakeholders at Dow. The feasible set is limited to countries in 

which Dow currently has a trading license, or is in the process of obtaining a trading license. Note that 

Dow is in the process of obtaining a trading license in Kenya, despite the relatively low absolute GDP. 

Therefore, it was included in the feasible set as well. 

Based on the arguments above, the following feasible set is identified: 

Table 5: GDP ranking feasible set (worldbank.org) 

World Ranking 
(GDP, 2015) 

Country  GDP (millions of 
US dollars) 

 

19 Saudi Arabia 746249  
22 Nigeria 568508  
39 Egypt 286538  
75 Kenya 60937  

 

The four countries mentioned in table 6 form the feasible set; these are the countries in which it is 

actually possible to build a new DCM production facility. However, because it is legally possible 

obviously does not mean that it is profitable to do so. Building a new production facility is a huge 

investment, and should only be considered when the following applies:  

- The new location should only be built in a high GDP region 

- The current total revenue from the region should be high enough to warrant the investment 
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The first condition represents the potential of the region. A high GDP region means that there is a huge 

market available, and the possible increase in demand can justify the investment costs. However, if 

the new factory is unable to obtain local market share, the factory will be unable to repay itself. 

Therefore, the second condition should be taken into account as well. This condition indicates the total 

revenue which is currently made from the region. Using both conditions, we ensure that the 

production facility captures a significant volume immediately, whilst simultaneously offer a high 

potential for increase in demand. Moreover, it is important to build the new production facility in a 

region with already a significant amount of customers in order to obtain a bigger reduction in 

utilization rate at existing factories. Implementing a factory in a low current revenue market hardly 

relieves any pressure from existing factories; something which is highly desired right now. Hence, we 

reduce the feasible set to the following countries: Kingdom of Saudi Arabia and Egypt. Nigeria is left 

out due to the low current market share, and Kenya is left out due to the low GDP in the region.  

We analyze the two countries in the following section. The analysis consists of two parts: a quantitative 

part and a qualitative part. We use the KPI’s presented in Chapter 4 to determine the differences in 

performance. 

5.4 Scenario 1: Saudi Arabia 
The Kingdom of Saudi Arabia (KSA) offers a huge and fast-growing market (ranked 19th world-wide with 

a GDP of 746249 million U.S. dollar) with a stable GDP growth of 3.8 % over the course of 2014 and 

2015. Thanks to Saudi Arabia’s oil production, its economy continues to thrive regardless of the 

political turbulence in the region. The government is currently attempting to improve its investment 

climate and diversify away from its high dependency on the oil market, by encouraging investments 

across all economic sectors. 

5.4.1 Saudi Arabia: qualitative analysis 

The following global rankings were found for Saudi Arabia: 

Table 6: Global rankings Saudi Arabia 

Measure Year Index or Rank Source 

Corruption Perception Index 
 

2015 48 of 168 transparency.org/cpi2015/ 

World Bank’s Ease of Doing 
Business 

2015 82 of 189 doingbusiness.org/rankings 

Global Innovation Index 2015 43 of 141 globalinnovationindex.org 

Political environment rankings 2015 73 of 141 globalinnovationindex.org 

World Bank’s Logistics 
Performance Indicator 

2014 49 of 160 http://lpi.worldbank.org/international
/global?sort=asc&order=LPI%20Rank#
datatable 

World Bank GNI per capital 2013 USD 25,140 http://data.worldbank.org/indicator/N
Y.GNP.PCAP.CD 

 

Saudi Arabia scores relatively high across the board based on the rankings shown in table 7. Moreover, 

KSA is a source of many raw materials used in the DCM production process. Combined with the huge 

market in the region, Saudi Arabia forms a very tempting location for the new production facility. Saudi 

Arabia allows transshipment of goods through its ports in Jeddah, Dammam, and King Abdullah 

Economic City, and it has bonded re-export zones at the Jeddah and Dammam ports. Saudi Arabia is 

also a member of the Gulf Cooperation Council (GCC), which confers special trade and investment 

privileges among the six member states (Bahrain, Kuwait, Oman, Qatar, U.A.E. and KSA), and of the 
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Arab Free Trade Zone. Furthermore, the GCC is currently working on a project to connect its member 

states through a rail network, allowing freight transportation by train. This will ease the transportation 

in the region, making it both cheaper and more reliable. The project is scheduled to be completed by 

2018.  

The biggest challenge to deal with in Saudi Arabia lies in their disregard towards human rights. Saudi 

Arabia is scored among the ‘Worst of the Worst’ by Freedom in the World (FreedomHouse, 2016) for 

good reasons. In 2014, multiple instances of conviction and imprisoning of political dissidents and 

human rights activists were reported. New terrorism regulations enacted in 2014 can be used to 

criminalize almost any form of criticism on the authorities as terrorism. According to an article by 

Amnesty International, Saudi Arabia had a stunning average of one person executed every two days in 

2015 (AmnestyInternational, 2015), with over half of them for non-lethal crimes. Other violations of 

human rights involve Saudi Arabia’s consistent denial of women’s rights, and the major issues with 

migrant worker’s conditions. There are many reports of abuse, exploitation and forced labor. With 

over half of the countries workforce (approximately 9 million migrant workers) filling manual, clerical 

and service jobs, any company planning to operate from Saudi Arabia will have to deal with this issue. 

Dow needs to make sure the practices in the new production facility comply with Dow’s standards for 

human rights, as not to damage Dow’s image. 

 

Figure 15: Freedom in the world rankings 

5.4.2 Saudi Arabia: Quantitative analysis 

Introducing a production facility in Saudi Arabia changes the allocation of multiple countries’ demand 

over the factories. Based on the geographical location, the countries colored purple in figure 16 will 

change from their original factory to the new production facility in KSA. These countries are: Bahrain, 

Kuwait, Qatar and KSA and are referred to as the ‘purple countries’ for the remainder of section 5.4. 

These countries have a shorter lead time when supplied from the new location compared to their 

previous main supplying production facility. The changes in lead time are shown in figure 17, and were 

calculated based on shipping data of searates.com. Note that we assume the lead time to be the time 

it takes to ship from country A to country B. This assumption makes sense, as the other parts of the 
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lead time (handling time, time to ship from customer to port, etc.) remains constant. This explains the 

lead time of 0 for shipments within the same country.  

 

Figure 16: Saudi Arabia main supplier for purple countries 

 

Figure 17: Changes in transportation lead time in KSA scenario 

We determine the average effect on transportation lead time reduction by taking a weighted average 

of the reduction based on the amount of volume sold in each of the four purple countries. The results 

are shown in table 8. 

Table 7: weighted average lead time reduction KSA scenario 

  Volume Reduction Weighted 

Bahrain 0.086598 0.728 7.45966E-05 

Kuwait 45.04131 0.602153 0.032106112 

Qatar 2.85031 1.574385 0.005312249 

KSA 1616.639 1.199195 2.294946743 

Average   2.332441466 

 

Primary and secondary effect new network design 

We distinguish between a primary and a secondary effect of implementing a new production facility. 

The primary effect of the new network design is defined as the percentage of the total production 

volume which is directly influenced by the new production facility, and is a representation of the 

reduction in capacity requirements at existing factories. The value of the primary effect is equal to the 

total production volume of the purple countries combined divided by the total production need in a 

year. 
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The secondary effect of the new network design is defined as the total investment that is required to 

solve the capacity issues at the factories after the new production facility is implemented. Note that 

this definition means that the secondary effect is represented in terms of costs, instead of volume like 

the primary effect. Costs is a more suitable unit of measurement in this case, as it makes it easier to 

compare both scenarios. Stating the secondary effect in terms of volume would disregard the 

difference in transportation costs between different countries.  

Primary effect utilization rate 

Assuming the facility in Saudi Arabia captures the complete production need for the purple countries, 

the new facility needs to produce a volume of 1689.48 MT in 2017. With a total production need of 

59086.74 MT, the value of the primary effect is 8.23%. Introducing the facility in Saudi Arabia has the 

following direct effect on the utilization rates for the existing factories in 2017 (shown in figure 18). 

 

Figure 18: Utilization rate drops at existing factories with the introduction of a new production facility in KSA 

By taking over all the production needs for the purple countries, a significant drop in utilization rate 

for Factory B occurs, which was the previous main supplier for those countries. This opens up capacity 

at Factory B to support factories C and D. Moreover, taking over all the production needs of the purple 

countries also reduces the amount of shipments from factories D and E to this region, reducing the 

utilization rate at these two factories slightly.  

Table 8: Capacity surplus and deficit 

                         Surplus 

A164 Factory A -57.7590362 

B220 Factory B 1652.943578 

A005 Factory C -53.3027174 

A037 Factory D -339.427469 

A050 Factory E 925.52768 

 

Table 9 shows the surplus and shortage of volume capacity at each factory. The total surplus of the 

combined remaining capacity is 2145.976KG. It is clear that, once the facility in Saudi Arabia takes over 

the demand from the purple countries, the available production volume at Factory B and E is sufficient 

to handle the shortage of the remaining factories.  

Secondary effect  

From table 9 it’s clear that Factory A and Factory C have a deficit, though these are relatively small and 

can be handled without too much trouble for now. The significant deficit is present at Factory D.  
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The negative values of these three factories need to be allocated to Factory B and E, and the new 

production facility. Based on the geographical distance, it makes sense to allocate the shortage of 

Factories A and C to factory B or the new production facility. We assume the transportation costs to 

be similar for factory B and KSA, as they are located fairly close to eachother. The ideal allocation for 

the demand from factory D is more difficult to determine, as it can be fulfilled by both factory E and 

Factory B. The costs and lead times for both options are shown in table 10. These numbers are based 

on historical data (average transportation costs), Google maps (lead time road transport) and 

searates.com (lead time sea transport). The total costs are shown in figure 19. 

Table 9: transportation costs and lead times 

Factory D Factory B (sea) Factory E (road) 

Average lead time (hours) 72 18.95  

Average Costs (U.S. Dollar/KG) $ 0.13 $ 0.48  

 

 

Figure 19: Total transportation costs to factory D 

The costs for Factories A and C were determined as well. The costs to transport from Factory B to 

Factory C is 0.11 based on historical data, and the costs from KSA to factory A is estimated to be 0.188. 

This results into a total transportation costs of $2608.19 USD for factory C and $15235.42 USD for 

Factory A. To conclude, the secondary effect has a total value of $17268.60 USD in 2017. 

Increasing existing capacity locations   

Instead of shipping products from one factory to another, Dow can also decide to increase the 

production capacity at factories with a deficit instead. In order to make a decision on which method is 

better, the additional shipping costs needs to be compared with the investment costs for increasing 

capacity. Moreover, the additional transportation time involved in the shipping of products from one 

factory to another needs to be analyzed as well. Currently, it costs $33558.51 USD to ship 5168.26 MT 

from Factory B to Factory D according to the previous analysis. Assuming a constantly increasing 

demand with the same GDP growth rate, the transportation cost accumulates as shown in figure 20 

over the next 10 years. Based on the figure we can determine the time it takes to earn back a certain 

investment. For example, it takes 6 years to earn back an investment of approximately 6.6 million USD, 

based on the saved transportation costs alone. Based on this trade-off, Dow can decide whether the 

investment is worth it or not.  
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Figure 20: Accumulated transportation costs Factory B to Factory D 

The same figure has been created for factory A and Factory C and can be found in appendix F. Based 

on figure 20 and appendix F, we can also determine the 10 years accumulated secondary effect of the 

KSA scenario. This is equal to $612453.90 USD. 

This concludes the analysis of scenario 1; localizing a production facility in KSA. We shed light into the 

challenges of operating in KSA through the qualitative analysis, and showed the effect of localizing a 

production facility in this country. Moreover, we showed the tradeoffs which need to be considered 

when comparing the multiple capacity increasing methods discussed in earlier sections. In the next 

section we will evaluate the Egypt scenario using the same method. We will compare the results of 

both scenarios in section 5.6. 

5.5 Scenario 2: Egypt 
With a GDP of almost 300 million dollar in 2015, Egypt boasts a decently sized economy. In recent 

years, Egypt has made a lot of advances to improve its investment climate, including reducing customs 

duties, cutting fuel subsidies by 30 percent and devaluing the Egyptian pound. As a member of the 

World Trade Organization (WTO), the Common Market for Eastern and Southern Africa (COMESA) and 

the Greater Arab Free Trade Area (GAFTA), Egypt is part of many investment and trading treaties, 

making it a decent option to take into consideration.  

5.5.1 Egypt: Qualitative discussion  

 
Table 10: Qualitative rankings KSA 

Measure Year Index or Rank Source 

Corruption Perception Index 
 

2015 88 of 168 transparency.org/cpi2015/ 

World Bank’s Ease of Doing 
Business 

2015 131 of 189 doingbusiness.org/rankings 

Global Innovation Index 2015 100 of 141 globalinnovationindex.org 

Political environment rankings 2015 134 of 141 globalinnovationindex.org 

World Bank’s Logistics 
Performance Indicator 

2015 62 of 160 http://lpi.worldbank.org/internationa
l/global?sort=asc&order=LPI%20Rank
#datatable 

World Bank GNI per capital 2014 3210 USD  http://data.worldbank.org/indicator/
NY.GNP.PCAP.CD 

 

In 1997 Egypt adopted an investment incentives law designed to encourage foreign investment. This 

law allowed 100 percent foreign investment, guarantees the right to remit income earned in Egypt and 
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to repatriate capital. Similar to KSA, a large portion of Egypt’s national GDP is accounted for by the oil 

and gas industry (i.e. 15% of national GDP and 31% of foreign direct investment).  

 

According to the rankings, Egypt scores fairly low on all but one of the metrics. Especially the poor 

ranking on political stability and high corruption level is troubling. In 2014, the Egyptian government 

announced the launch of an anti-corruption strategy, focusing on dealing with conflicts of interests, 

standards of integrity, and government transparency. The long-term effectiveness of this strategy 

remains to be seen. Challenges which need to be taken into account when operating in Egypt, is the 

huge lack of electricity and the political unrest; both of which are factors which can hinder production 

enormously. 

5.5.2 Egypt: Quantitative discussion 

Similar to KSA, introducing a production facility in Egypt changes the allocation of multiple countries’ 

demand over the factories. Based on the geographical location, the countries colored purple in figure 

21 will change from their original factory to the new production facility in KSA. These countries are: 

Morocco, Algeria, Tunisia, Libya and Egypt, and are referred to as the ‘purple countries’ for the 

remainder of section 5.5. 

 

Figure 21: Egypt main supplier for purple countries 

Primary effect Egypt 

The countries which are affected by the new factory are Algeria, Libya, Morocco, Tunisia and Egypt. 

From the five DCM factories in the IMEAT region, these countries were (almost) completely served 

from Factory A. Therefore, the new production facility hardly affects the remaining factories. 

Introducing the facility in Egypt has the following direct effect on the utilization rates for the existing 

factories in 2017. 

 

Figure 22: Utilization rate reduction Egypt scenario 
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Assuming the new production facility captures the complete production need for the purple countries, 

the new facility needs to produce a total volume of 6397.62 MT in 2017. This translates to a primary 

effect of 6397.62/108154.4 = 5.92%.  

The effect of a production facility in Egypt on the lead time of the purple countries can be seen in 

figures 23 and 24. Road shipment data is added as this becomes a real possibility. It is clear that the 

average lead time will not be affected by a significant amount, unless DCM changes to road shipments 

instead of sea shipments.  

 

Figure 23: lead time reduction Egypt scenario (sea shipments constraint) 

 

Figure 24: Lead time reduction Egypt scenario (incl. road shipments) 

We determine the weighted reduction in lead times for the scenario with road shipments. The results 

are in table 12.  

Table 11: weighted average lead time reduction in Egypt scenario 

  Volume Reduction Weighted 

Algeria 40.57136 61.49409 1.83624 

Libya 16.512 21.63 0.1288 

Morocco 49.536 58.401 0.419216 

Tunisia 24.768 28.119 0.082432 

Egypt 15.8928 39.63337 4.336528 

Total   6.803216 
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Table 13 shows the surplus and shortage in capacity at each factory after an implementation of a 

factory in Egypt. 

Table 12: Surplus and deficit at each factory in the Egypt scenario 

                         Surplus 

A164 Factory A 42.01403 
B220 Factory B -8.00763 
A005 Factory C -2.30123 
A037 Factory D -16.2807 
A050 Factory E 18.96738 

 

A production facility in Egypt opens up a lot of capacity at Factory A. However, it does not affect the 

capacity requirements for factories B, C and E, leaving those factories with a deficit. Therefore, these 

factories either need to be supplied from a different factory (factory A, E or the new facility in Egypt) 

or have their capacity increased. Similar to the KSA scenario, we classify this investment as the 

secondary effect.  

Secondary effect Egypt 

In table 14 the lead times between the relevant factories are shown. Note that these are all sea 

shipment times based on the data presented by searates.com, except for the distance between factory 

D and E, which is based on road shipment data presented by Google maps. Moreover, we added the 

transportation costs per KG based on existing shipment data as well. Based on the data, no historical 

shipments exist between factory A and factory D, factory C and factory E and factory D and Egypt. 

Therefore, these combinations are not considered as possible transportation routes during this 

analysis. Based on a tradeoff between costs and delivery time, Dow can choose a transportation option 

suitable to each specific case (i.e. if a rush order is required a shorter lead time can be chosen for a 

higher cost). 

Table 13: Transportation lead times and costs 

Transportation 
time and costs 

Factory A Factory E Egypt 

Days USD/KG Days USD/KG Days USD/KG 

Factory B 11 0.188 6 0.088 9 0.061 

Factory C 16 0.139 12 X 14 0.073 

Factory D 12 X 0.79 0.480 9 X 

 

Increasing existing capacity locations 

Similar to the KSA scenario discussed in the previous section, there is also the option to increase 

current capacity levels instead of shipping products between factories. In the previous section, we 

already concluded that this is the most favorable option taking into account long term growth. In this 

section we identify the payback period for each factory with a production capacity deficit in the Egypt 

scenario based on certain investment scenarios. Note that we use the lowest costs identified in table 

14 for this analysis. The results are shown in figure 25, 26 and 27. 
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Figure 25: Accumulated transportation costs factory C 

 

Figure 26: Accumulated transportation costs factory B 

 

Figure 27: Accumulated transportation costs factory D 

Based on these figures, we can determine the value of the secondary effect and the 10 years 

accumulated value of the secondary effect. The result is given in table 15. Note that the majority of 

the secondary effect can be attributed to the shortage at factory D. This is due to the enormous market 

combined with the high regional GDP growth. 

Table 14: (accumulated) secondary effect for each factory 

  Secondary 
effect 

10 year 
accumulated 
secondary 

Factory B 900.7493 1111.1586 

Factory C 366.0231 538.99537 

Factory D 19176.81 32786.522 

Total 20443.58 34436.676 
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5.6 comparing scenarios 
Comparing both scenarios, we can conclude that a production facility in KSA has a higher primary 

impact and therefore a more significant effect on the current utilization rates experienced by existing 

factories. Moreover, the KSA scenario will require less secondary investments. The exact scores for 

each scenario is shown in table 16. 

Table 15: comparison scores different scenarios 

  Primary 
Impact 

Lead time 
red. (hours) 

Secondary impact 
(USD) 

Qualitative KPI's (rank out of total countries)   

      Now 10 years Corrup. 
Ease of Doing 
Business  

Global 
Innovation  

Political 
Environment  

Logistics 
Perf.  

GNI 
(USD) 

KSA 0.33% 7.735776 53.35804 23507.568 48 82 43 73 49 25140 

Egypt 0.14% 44.463876 321.25633 86467.636 88 131 100 134 62 3210 

 

The Egypt scenario scores better than the KSA scenario in terms of lead time reduction. However, as 

the primary effect is larger in the KSA scenario, the total volume that is affected by the lead time 

reduction is larger than in the Egypt scenario. Additionally, KSA scores much better on all qualitative 

KPI’s. Combining the results, we therefore conclude that a production facility in KSA will be more 

beneficial compared to a production facility in Egypt. 

In the next section, we introduce one more concept which can be considered in the DCM supply chain 

with the addition of a new production facility, namely the flexible capacity network concept. 

5.6 Flexible capacity usage 
Building a new production facility may enable a company to create a flexible capacity network. Flexible 

capacity usage can be defined as the ‘ability to adjust the total production capacity in any period’ (Alp 

& Tan, 2008). Applying this to the Dow case, it would mean that factories save a fraction of their 

capacity in order to assist other factories when they receive an unexpectedly high volume order. In 

Dow’s current supply chain set-up, it is practically impossible to utilize this strategy due to two reasons: 

(1) long lead times between factories and (2) lack of capacity. Choosing a strategic location for the new 

production facility removes these barriers, which can make this a design decision with a lot of potential. 

We explore this strategy in this section. 

In order to demonstrate the effect that a flexible source of capacity can have, a simulation model has 

been created. This model measures the service level of a network with increased capacity levels at 

each of the factories against a model with an additional factory which can be used as a ‘flexible source 

of capacity’. A dummy case has been created to show the effect of large variable demand. The total 

added capacity is equal for both situations. The results can be seen in figures 28 and 29. For the dummy 

scenario we used real average demand values, but chose to fluctuate the variability in order to show 

the relation between the service levels and the demand variance. 

Based on figure 28 and 29, we can conclude that the flexible network results in less frequent reductions 

in service level. This makes sense, as the available capacity is used more efficiently in this scenario.  



 

30 | P a g e  
  

 

Figure 28: Fill rate increased capacity levels 

 

Figure 29: Fill rate flexible network 

Figure 30 shows the relation between the demand variability and the service level of both models. 

 

Figure 30: Blue line: flexible model, Yellow line: increased stock model 

It is clear that, especially for situations with highly volatile demand, the flexible network will 

outperform the increased capacity levels network substantially.  
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6. D.C. Problem 
The second objective of the redesign is to create a network that is resilient against the risk factors 

identified in chapter 2. In this section, we cover one of the potential solutions discussed in chapter 4: 

localization of regional distribution centers. An example of the D.C. network is visibly represented in 

figure 31. We tackled this problem by reviewing multiple scenarios through the use of a simulation 

model.  

 

Figure 31: Example of D.C. Network. Red dots represent D.C. locations, black dots are factories. 

The goal of the model is to determine the performance of a D.C. network compared to a network 

where customers are delivered directly from the factory. The model should be able to determine the 

relation between upstream (i.e. at the factory) capacity constraints and service levels and the 

downstream (i.e. at the D.C.) service levels. This way, the model is able to determine the benefits of 

putting inventory at the D.C. compared to putting inventory at the factory. 

The remainder of this chapter is organized as follows. We first introduce the objective functions of the 

model in section 6.1. Following that, we go into more detail about the simulation, the base model and 

the extended model. Finally, the model is applied on the Dow DCM case. 

6.1 Objective functions 

The D.C. facility location problem can be approached from two different perspectives: the planner’s 

perspective and the customer’s perspective.  

Planner’s perspective 

The planner’s objective is to reduce the total network costs; finding a solution that leads to the least 

amount of stock holdings while still retaining an acceptable service level. Our cost function is based on 

the model presented by Nozick and Turnquist (2001). In their article, Nozick and Turnquist analyzed a 

distribution location problem, by presenting a model which optimizes the location of inventory for 

individual products in a multi-product two-echelon inventory system. 

In both models, the cost function is based on the following factors: 

- Average inventory level at D.C. and factory 

- Stock out costs at D.C. and factory 

- Delivery costs from D.C. and from factory 
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Note that implementing a D.C. network involves other types of costs as well, among which the increase 

in handling and operating costs. We have chosen to limit the scope to the three types of costs 

mentioned above, as it is infeasible to estimate the handling and operating costs. This will require a 

separate analysis from an operation point of view (i.e. assessing the amount of employees necessary 

to handle certain tasks). We believe that an analysis from an operation point of view does not fit in the 

high-level strategic analysis we are trying to conduct, and should be reserved for future research. 

Moreover, the total cost of implementing the D.C. system (i.e. investment costs) should also be 

considered during the analysis. Although we do not calculate the investment costs explicitly, we do 

weigh the results of the analysis against several potential investment costs, and determine the payback 

period for each investment cost scenario.  

Customer’s perspective 

Customers prioritize different factors in the supply chain process. For them it is important that 

products are delivered reliably and with a low lead time. Therefore, the customer’s objective function 

is dependent on the following factors: 

- Lead time from D.C. to customer 

- Stock out rate at D.C.  

Most of the time, implementing a D.C. network leads to lower lead times for the customer, while 

costing more for the supplier. The main benefits of a D.C. can therefore only be seen from the 

customer’s perspective. However, being able to provide customers with a lower lead time may attract 

a wider customer base. Therefore, the customer’s perspective benefits translate to planner’s 

perspective benefits. We do not go into much detail about the relation between demand increase and 

customer service. This should be reserved for future research. Instead, we conduct the analysis based 

on several future market share scenarios for the DCM case.  

6.2 Model parameters and inventory models 

The simulation created for the D.C. location problem relies on stochastic inventory modeling in order 

to analyze the effect of the inventory allocation in the DCM supply chain. Before we continue with the 

model, we first provide some general information about service performance in a classical single-item 

single-echelon inventory model. 

Literature explanation classical models 

A vast amount of literature exist on inventory control policies for single item single echelon systems. 

Based on literature review results, four common models can be identified: the continuous review fixed 

order quantity (s,Q)-model, the continuous review order up-to (s,S)-model and the corresponding 

models with a periodic review period; the (R,s,Q) and the (R,s,S) models. Refer to De Kok (2010) for 

more information regarding each of the classical model.  

Two types of parameters are distinguished in an inventory control system: control parameters and 

exogenous parameters. Control parameters can be defined as parameters which are adjustable by the 

controlling party. Additionally, exogenous parameters are the parameters which are inherent to a 

certain process or object. Figure 32 shows the control and exogenous parameters relevant for our 

model. We provide an overview of the closed form expressions for the system outcomes based on the 

control and exogenous parameters in appendix G. 
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Figure 32: Model parameters and output variables 

6.3 Simulation model 
In this section, we show the performance of the simulation model based on a dummy scenario. The 

scenario consists of a production facility, D.C. and several geographically dispersed customers. The 

parameter setting shown in table 17 is used for this situation. Note that the simulation has been 

verified based on closed form expression. The verification analysis can be found in Appendix B. 

Table 16: control parameters D.C. model 

Control Parameter Value 

Inventory model (R,s,Q) 

Review Period (R) 1 Day 

Reorder Point (s) 35000 KG 

Reorder Quantity (Q) 20000 KG 

Demand inter-arrival times (L) Exponential Distribution (Lambda = 0.1) 

Customer order size Gamma Distribution (Shape = 1.686, scale =0.646) 

Lead time delivery to D.C. 10 + error, with error = normally distributed (0,2) 

 

The following graph is the result of the simulated inventory levels over time using the base control 

parameters described here and the demand and lead time parameters described in the previous 

chapter. The inventory position at the D.C. is simulated for a time period of one year in figure 33. Note 

that all negative values are defined as backorders. 

 

Figure 33: Simulation output, D.C. inventory over time 
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The figure above is with the assumption that there is sufficient capacity downstream. The key 

difference between the D.C. system and a regular inventory model, is the upstream constraint at the 

factory. The upstream constraint is defined as any constraint in the supply chain happening before the 

D.C. (e.g. at the production facility). If a production facility does not have any capacity to produce, this 

will directly influence the amount of products that can be shipped to the D.C. Figures 34 and 35 show 

how the inventory levels at the D.C. and factory behave with an extreme constraint at the factory. 

 

Figure 34: Simulation output, D.C. inventory over time with limited upstream capacity 

 

Figure 35: Simulation output, Factory inventory over time 

As the figures show, the extreme drops in inventory level at the D.C. correspond with stock outs at the 

factory. This relation obviously means that a trade-off needs to be made on where to put inventory. 

For our DCM analysis, we assume that there are no issues with upstream constraints. However, the 

model can be used in order to determine results for scenarios including any upstream capacity value. 

6.4 Sensitivity analysis 
In order to determine whether the model is actually working correctly, we conduct a sensitivity analysis. 

Multiple parameters are varied in order to determine changes in the output. For this analysis, we have 

chosen to fluctuate the following parameters: Average lead time factory to D.C., average demand 

(based on fluctuating ordersizes), reorder level and reorder quantity. 

Table 17: fluctuating lead time 

Lead 
time  

5 6 7 8 9 10 11 12 13 14 15 

Service 
level 

0.659 0.631 0.616 0.584 0.567 0.534 0.522 0.496 0.472 0.454 0.429 
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Table 18: fluctuating re-order level 

Re-
order 
level 

30k 31k 32k 33k 34k 35k 36k 37k 38k 39k 40k 

Service 
level 

0.479 0.491 0.500 0.519 0.528 0.538 0.551 0.563 0.570 0.577 0.598 

 
Table 19: fluctuating the order size 

Order 
size 

5k 6k 7k 8k 9k 10k 11k 12k 13k 14k 15k 

Service 
level 

0.824 0.754 0.691 0.634 0.580 0.535 0.504 0.463 0.432 0.405 0.388 

 

 

 

Figure 36: Sensitivity analysis, effect fluctuating reorder level, lead time and reorder size on service level 

The sensitivity analysis results in logical output. Increasing the lead time from the factory to the D.C. 

leads to a lower service level, while increasing the reorder level and the order size leads to an 

increase in service level.  

6.5 Case study: Dow Chemical DCM in Africa 
In the Dow DCM case, a distribution facility will only function in Africa, as the customers there are 

located relatively far away from the production facilities. Based on conversations with DCM supply 

chain planners, two feasible locations for a distribution center exist: Nigeria and Kenya. Once again, 

the reason for this is that either a trading license is already available for the country, or Dow is 

considering obtaining one in that country. 

6.5.1 Demand dispersion 
Figure 37 shows the real demand dispersion in Africa based on the sales data of 2015. According to the 

demand figure, three hubs of demand can be identified in Africa, besides the main hubs in Egypt and 

South Africa. Due to the constraint on the countries where it is actually possible for Dow to build a D.C., 

we limit ourselves to two of the three hubs: the Western African hub and the Eastern African hub. The 

exact countries in each hub are listed in appendix H. Therefore, the D.C. will not be very effective in 

reducing the lead time. Finally, the Western African hub is analyzed in this section. For the same 

analysis of the Easter African hub refer to appendix J. 
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Figure 37: Demand concentration (2015) 

The DCM analysis is organized as follows. We kick off the analysis with a discussion on the parameter 

values. In section 6.5.2 the simulation is ran with the identified parameter settings, and we discuss the 

results in section 6.5.3 

6.5.2 Parameter estimation 

Recall that we distinguished between control parameters and exogenous parameters in section 6.2. 

Based on this discussion, the necessary parameters were determined. The following exogenous 

parameter values are estimated for the DCM case: demand distribution and lead time distribution. 

Moreover, the following control parameters are relevant: review period, order up-to level, reordering 

point, order quantity. In this section, we present an overview of the values we use for each exogenous 

parameter. These values are estimated based on existing data. Refer to appendix I for an extensive 

derivation of each parameter. The values for each exogenous parameter is shown in figures 38, 39 and 

tables 21 and 22. 

 

Figure 38: Demand distribution used for DCM analysis 

Table 20: lead time DCM case 

From D.C. (Nigeria) to: Distance (KM) Time 

Factory A 9100.73 (5654.93 mi) 360 hours (sea shipment) 

Liberia 1969 31 hours (road shipment) 

Cote d’Ivoire 994 17.75 hours (road shipment) 

Ghana 461 9.25 hours (road shipment) 

Nigeria 0 0 hours (road shipment) 

Cameroon 1146 18 hours (road shipment) 

Gabon 1998 30 hours (road shipment) 

Congo 2784 43 hours (road shipment) 

Angola 3845 58 hours (road shipment) 
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Figure 39: Costs used in DCM analysis 

Table 21: costs DCM case 

From D.C. (Nigeria) to: Distance (KM) Costs (USD)/KG 

Liberia 1969 0.191629 

Cote d’Ivoire 994 0.091832 

Ghana 461 0.044695 

Nigeria 0 0 

Cameroon 1146 0.12705 

Gabon 1998 0.231574 

Congo 2784 0.341289 

Angola 3845 0.385993 

 

The control parameters are discussed in the following section.  

6.5.3 D.C. system analysis 

Before the analysis is conducted, it is important to select the correct parameter values. In the previous 

chapter we discussed the exogenous parameter values. These parameters are inherent to the industry 

and the demand, which means that they cannot be changed directly by influences of Dow. On the 

other hand, Dow does have the possibility to adjust the control parameters. In previous sections we 

distinguished the following control parameters: Review period (R), reorder point (s), order up-to level 

(S) and order quantity (Q). 

These parameters are connected to the inventory control method used. In Dow’s situation, it makes 

sense to use an R,s,Q model. A periodic review method is necessary, as a planner manually orders new 

products. Therefore, it is likely that the reorder moment does not happen exactly at the moment that 

the inventory level reaches the level s. Additionally, a fixed order quantity is chosen over an order-up-

to level, because Dow’s products are usually ordered in fixed container sizes. Finally, we decide to 

expand it slightly by adding the possibility of reordering multiple containers in one review period, 

essentially changing the R,s,Q system to a R,s,(n)Q system with n = number of containers.  

The values shown in table 23 are chosen as the ‘base levels’. These values are fluctuated in order to 

see the effect of the control parameters on the network performance in following sections. 

Table 22: base parameters 

Control Parameter Value 

Review Period (R) 1 Day 

Reorder Point (s) 100.000 KG 

Order Quantity (Q) 100.000 KG 
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Effect control parameters on network performance 

For the first step of the analysis, we analyze the effect of the different control parameters on the 

service level of the network. Figure 40 shows the service level for certain values of the average 

inventory. More specifically, we fluctuated the reorder point in this figure between 50000 and 210000.  

 

Figure 40: Service level based on multiple values of s 

The parameters for this simulation are shown in table 24. 

Table 23: fluctuating reorder point (s) 

Control Parameter Value 

Review Period (R) 1 Day 

Reorder Point (s) Fluctuated between 50.000 and 
210.000 

Order Quantity (Q) 100.000 KG 

 

It is clear that, due to the high lead time (15 days average), a lot of stock is required to maintain a 

proper service level. Considering that the average daily demand is 4781.60 KG, this would mean that 

in order to fulfill the demand during the lead time, an average of 45241.72 KG inventory is required at 

the D.C. This translates to a service level of approximately 75% according to the simulation results. 

Based on figure 40, we conclude that approximately 175000 KG needs to be kept in inventory at the 

D.C. in order to obtain a service level of 95%.  

Fluctuating the reorder quantity 

Moreover, we also analyze the effect of fluctuating the reorder quantity Q. The parameter settings 

used for this analysis are shown in table 25 and the results can be found in figures 41 and 42. 

Table 24: fluctuating order quantity 

Control Parameter Value 

Review Period (R) 1 Day 

Reorder Point (s) 100000 

Order Quantity (Q) Fluctuated between 10000 and 
100000. 
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Figure 41: Effect fluctuating reorder quantity Q average inventory and on service level. 

 

Figure 42: Effect fluctuating reorder quantity Q on shipments and service level 

We conclude that the reorder quantity has a minor impact on the service level. Moreover, it also 

influences the amount of shipments and the average inventory level. A higher reorder quantity leads 

to a lower service level, lower amount of Factory -> D.C. shipments and lower average inventory. Note 

that the amount of D.C. -> customer shipments remains the same. 

Hypothesis 

It is difficult to quantify the benefits of a D.C. network from a planner’s point of view, as the direct 

effect of a D.C. is mostly beneficial for the customers. As explained before, the main benefit of the D.C. 

is the reduction in transportation lead time provided to the customer. Most of the time, this is at the 

expense of added transportation costs and inventory holding. Based on the definition of the P2-

servicelevel (i.e. percentage of demand delivered directly from stock), an extremely high level of 

inventory needs to be present at the D.C. to ensure it not running out of stock during the delivery time 

of 15 days from the factory to the D.C. Moreover, this also means that we can no longer compare the 

scenarios based on this definition of the service level, as the measure does not include the 

transportation time to the customer. Instead, we judge the D.C. network based on different factors. 

Before we go into more detail, we first present some insight into our hypothesis of when and how a 

D.C. network is beneficial. 
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- D.C. Network allows for combined shipments from factory to D.C. 

Previously, all customer orders from the region were each supplied by a separate shipment directly 

from Turkey (direct shipments). In the D.C. network, this is replaced with a combined shipment from 

the factory to the D.C. and a separate shipment from the D.C. to the customer (i.e. D.C. shipments). In 

cases when the costs of the direct shipments vastly suppress the costs of the D.C. shipments, it may 

be profitable to implement the D.C. network, in order to reduce the amount of direct shipments to the 

region. 

- Improved forecasts, levelled out demand 

Implementing a D.C. network may have indirect consequences which can be beneficial from a planner’s 

perspective. Based on the demand data and conversations with the supply chain planners, it is clear 

that customers tend to concentrate their demand to the beginning of the month. Therefore, the 

enormous peaks and long intervals between orders exist. When customers are offered a much shorter 

lead time, they will be able to level out their demand instead of concentrating the demand in one order. 

Consequently, the inventory held can be reduced, as the system no longer has to protect for extreme 

order volumes.  

- Competing with regional competitors 

Delivering customers through a D.C. instead of from the factory, enables Dow to compete with local 

competitors in terms of transportation lead time. This allows Dow to attract a larger customer base, 

essentially increasing the regional market share. Therefore, the total potential benefit depends on 

DCM’s current market share; if a high market share is already captured, the D.C. network may be 

unnecessary. 

Based on the factors mentioned above, the following hypotheses are created: 

H1: The D.C. network is beneficial for Dow from a planner’s perspective if the discrepancy 

between the direct transportation costs and the D.C. transportation cost exceeds a certain 

value. 

H2: The D.C. network is beneficial for Dow from a planner’s perspective if the increased market 

share revenue gained from the improved customer service is greater than the increased costs. 

In order for us to test for these hypotheses, we need to determine the added costs and assess the 

potential increase in revenue from the corresponding market. Earlier, we mentioned that the three 

types of costs we look at are: inventory holding costs, stock-out costs and delivery costs. In the 

following sections we discuss how these costs evolve in the D.C. network compared to the current set-

up.  

Delivery cost analysis 

One of the benefits of the D.C. network argued for in the previous chapter is the ability to consolidate 

orders from the factory to the D.C. Using the base scenario parameters, and fluctuating the inter arrival 

times, the total amount of factory -> D.C. and D.C. -> customer transportations are determined through 

the simulation model. The result is shown in figure 43. 
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Figure 43: x-axis: lambda, y-axis: #shipments, rectangle represents current situation DCM 

In the Dow DCM case, a lambda of 0.088 (32/365) applies. Combined with Dow’s current set-up, this 

corresponds with 97.16 different orders (and therefore also 97.16 direct shipments). In the D.C. set-

up, these are replaced with approximately 13.4 factory->D.C. shipments and 97.16 D.C.->customer 

shipments according to the simulation results. By applying simple math, we can find the threshold at 

which the total fixed transportation costs of the D.C. network becomes less than the total fixed 

transportation costs of the current setup. Note that we only incorporate the fixed costs for the sea 

transshipments for the reason explained in section 6.5.3. Therefore, the direct shipments costs of the 

old situation are the same as the factory->D.C. shipments. 

97.16𝑇𝑑𝑖𝑟𝑒𝑐𝑡 = 13.4𝑇𝑑𝑖𝑟𝑒𝑐𝑡 + 97.16𝑇𝑑𝑐→𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 

This results in a threshold of 𝑇𝑑𝑖𝑟𝑒𝑐𝑡 =
97.16

76.7
𝑇𝑑𝑐→𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 

To conclude: based on the fixed transportation costs, the D.C. network becomes favorable for Dow if 

the total fixed direct transportation costs are at least 
97.16

76.7
 times higher than the total D.C. 

transportation costs. 

Recall the following cost values determined in the previous chapter: 

Table 25: Transportation costs  

Fixed costs sea 
shipments 

$370 USD 

Total costs D.C. 
shipments 

$0.0714 USD/KG 

 

Based on the simple formula shown above, the total D.C. shipment costs should be at most $292.09 

USD in order for the D.C. network to break even with the current network in terms of transportation 

costs. However, considering the costs based on the data from South Africa, this seems to be extremely 

unlikely. From the analyses conducted in section 6.5.2, we concluded that the average shipment 

volume was 17404.4 KG. This results in an average cost of $1242.68 USD per D.C. shipment. 

Using the formula we conclude that the increase in shipment costs in the D.C. scenario are: 
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1242.68 ∗ 97.16 − (97.16 − 13.4) ∗ 370 = $89747.59 𝑈𝑆𝐷/year. 

Holding cost and stock-out costs 

Holding cost and stock-out costs are discussed together, as both costs are intertwined. A higher stock 

(and therefore higher holding costs) leads to lower stock-outs and vice versa. In figure 40 we showed 

the relation between the average inventory and the service level. Using this graph, we can find the 

trade-off between average stock and expected service level.  

We aim for a service level of 95%. According to the simulation model, this requires an average 

inventory level of approximately 175k at the D.C. Using the values discussed in the previous chapter, 

this translates to a total stock holding cost of $1610.0 USD per year. Note that the 95% service level is 

an assumption we make. Dow can choose to aim for a different service level as well, in order to reduce 

the costs at the expense of the customer service. Moreover, Dow can also choose a different policy 

based on the product or on the customer. We recommend this issue as an avenue for further research.   

Cost generalization 

In order to generate an accurate overview of the total cost, the analysis needs to be repeated for all 

products in the region. However, due to the sheer number of different products (29 were identified 

for the western hub) and the lack of theoretical value of repeating the analysis for all products, we 

choose to generalize the results of the PRIMAL analysis to the other products instead. The model is 

provided as a separate deliverable of this project, and future research can use this model to generate 

analysis output for the separate products if this is deemed necessary. 

The generalization is done based on the following assumption: 

The analysis output is assumed to be a linear function of the total demand of the product. 

This implies that both the number of shipments and the average inventory are linear functions of the 

total demand of the product (i.e. a product with half of the demand of PRIMAL will also have half of 

the shipments and half of the average inventory). Using this generalization, we derived the following 

total increased costs for the D.C. network: $169486.9 USD 

Market share analysis regional market 

As explained before, the costs of the D.C. network discussed need to be evaluated against the potential 

increase in revenue gained with the shorter delivery time to customer. We aim to provide insight into 

the market and the potential increase in revenue in this section. Recall that in Chapter 3 we provided 

an overview of Dow DCM’s current market shares in the paint industry. An overview of the relevant 

countries is repeated in table 27. 

We see that a huge untapped market exist in the region. Nigeria and Angola, both of which have a 

relatively huge total market size, are currently only captured by 0.25% and 0.44% respectively. Looking 

at the total region, Dow currently captures 0.61% of the market share, so there is a huge market 

available for Dow to expand in. 
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Table 26: DCM sales data and market share values 2015 

Countries to serve Total revenue 
country 

     Market share Paint industry size Absolute GDP 

Nigeria 18112.07 0.005891 6446818 1.89E+08 

Cameroon 20284.47 0.117024 363454.8 1.07E+07 

Cote d'Ivoire 114375.1 0.617412 388436.6 1.14E+07 

Ghana 68830.48 0.329577 437912.5 1.28E+07 

Liberia 7622.931 0.700217 22827.2 6.67E+05 

Gabon 2479.453 0.025218 206159.2 6.04E+06 

Congo 3174.178 0.0414 160765.6 4.71E+06 

Angola 15180.38 0.020288 1568953 4.58E+07 

Total 247827.5 0.054021 9595327  

 

Standard margin and payback period 

Using the data that was available, we determined an average standard margin of 34.845% in 2015 in 

the existing situation (i.e. based on data from Nigeria, as it is the only country out of the Western-

African countries that had any margin information available). Increasing the total costs by $169486.9 

USD, which are incurred in the D.C. scenario, would reduce the margin to 28.095%. Using this 

information, we determined the payback periods for potential investment costs which are required to 

initiate the transformation process from the current situation to the new situation. The payback period 

is based on assumed values for the ‘investment cost’ and the ‘increase in market share’. The results 

are listed in table 28. The results are assuming everything else to remain constant. Note that the 

investment costs does not necessarily have to be in terms of USD in practice. It also implies the time 

and effort that needs to be put into the changing process by the parties involved.  

Table 27: Payback period (years) 

Investment 
Cost/Future market 
share 

5% 10% 15% 

1 million 0.88662 0.46662 0.32662 

2 million 1.771129 0.93324 0.65324 

3 million 2.657749 1.397638 0.97986 

4 million 3.542258 1.864258 1.304147 

5 million 4.428878 2.330878 1.630767 

 

A D.C. network will, in practically all scenarios, be more expensive than the original network. The real 

benefit of the network can only be seen in the customer’s perspective. It is necessary in order to 

provide customers a lead time which is comparable to the local competitors. From the market share 

analysis it is clear that DCM currently captures an extremely low market share in the region, especially 

in huge markets like Nigeria and Angola. Serving these customers through a D.C. may enable Dow to 

compete with their regional competitors. 

 

Table 28 shows the payback period for certain scenarios. Dow should investigate the market in order 

to determine the most likely scenario. Based on the analysis given here, Dow can then decide whether 

the D.C. scenario is preferable or not. However, with the demand in these regions continuing to grow, 

it is likely that at some point the market will be sufficiently large to warrant such a big investment. 

Therefore, it would be wise for Dow to obtain a foothold in the region as fast as possible, if it wishes 

to be a serious contender for the regional demand. 
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7. Expansion time horizon 
During the capacity analysis and the D.C. analysis described in sections 5 and 6 we looked at the short 

term behavior of the supply chain in specific scenarios. However, it is crucial to design a supply chain 

which is resilient on the long term as well. In previous chapters, we have already shed some insight 

into the development of the demand for DCM products from the countries in which Dow is currently 

operating. Using multiple values for the projected future market share, the future capacity necessities 

were determined in Chapter 3. In this section, we discuss some hypothesis of how long term demand 

will affect the solutions described in previous sections. 

- Hypothesis 1: Demand in the Western African region is likely to grow to the point that a 

regional production facility can be considered. 

Currently, we only considered the possibility of locating a D.C. due to the relatively low volume sold in 

the Western African region. However, a closer look at this region shows us that many high GDP 

countries are present. Especially Nigeria and to a lesser extend Angola have a large potential which is 

currently untapped. By supplying the region through a D.C. instead of straight from an existing factory, 

Dow is able to provide its customers in this region with a much better lead time; a lead time 

comparable with regional competitors. It is likely that this increases demand for DCM substantially. 

However, due to the long lead times between the factory and the D.C., transportations costs rises 

proportionally as well. When a certain threshold is reached, transforming the D.C. into an actual 

production facility can be decision to consider. 

Below we visualize the transportation costs evolution based on certain scenarios of captured market 

shares in the region.  

 

 

 

 

 

 

 

Based on these figures, we can determine the payback period for certain investments based on savings 

on transportation costs.  

- Hypothesis 2: Shortages at factory D can no longer be supplied from other factories – local 

increments in capacity are inevitable. 

India is an extremely high volume market, which continues to grow at a rapid speed. Unfortunately, 

capacity is already quite limited, to the point that a portion of the demand is fulfilled with capacity 

from the Middle East. Based on the solution scenarios we described before, factory D will continue to 

have a capacity deficit and will continue to require assistance from other factories.  

Figure 44: Transportation costs evolution (min 5% marketshare) 
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Figure 46 shows the demand dispersion of India. On first sight, a straightforward solution would be to 

fulfill the deficit of factory D with capacity from factory E. However, analyzing the costs showed that 

the internal transportation costs of India is extremely high (i.e. due to mandatory taxes required when 

crossing borders between states within India). When demand in India continues to grow, a factory 

operating in North-Western India might be an option which can be considered (based on demand 

dispersion shown in figure 46). (green = high demand, red = low demand). 

 

Figure 45: Demand dispersion India (2015) 

We estimated the cost of a production facility investment by using one of Dow’s latest investment as 

a foothold. Dow’s latest project is a Joint Venture with Saudi Aramco. Together, they invested $20 

billion USD in order to build a huge production complex in Saudi Arabia, with the capacity of 

approximately 3 million MT a year. Obviously, such a huge capacity influx is not needed for this case. 

Using a linear relation between production capacity and investment costs, it costs $266 million USD 

for a more realistic capacity of 40 thousand MT (comparable with existing DCM factories).  

Figure 47 shows that the break-even point lies at 52 years, which means that the investment will be 

paid for based on transportation costs alone in the year 2068. Note that this is disregarding any 

additional profit gained, and is solely based on the saved transportation costs. 

 
Figure 46: Shipment costs vs fixed costs 
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8. Conclusion: reflecting on the analysis results 
The objective of this research was twofold: our first objective was to determine a systematical way to 

tackle DCM’s current capacity problem. The second objective was to design the supply chain in a way 

that mitigates the effect of identified supply chain risk factors. In this chapter, we reflect on the results 

of the analyses conducted in previous chapters.  

8.1 Research questions 
In the introduction of this thesis, we presented the following main research question: 

How to design and control a supply chain in order to accommodate for high growth in demand in a 

volatile market with unreliable end-product forecast? 

In this section, we reflect on our results and address our overarching main research question by 

answering our research sub questions.  

1. What are the main risk factors present in the supply chain and how do these influence supply 

and demand?  

We separated the risk analysis in two parts: the general literature review on supply chain risk factors 

in emerging markets and a Failure Mode and Effect Analysis (FMEA) to determine Dow specific supply 

chain risk factors. In order to determine the risk factors specifically for Dow, we conducted a Failure 

Mode and Effect Analysis. This led to the following conclusions. 

Literature review (general risk factor): 

- Emerging markets typically lack adequate infrastructure (Silvestre, 2015), which is required to 

facilitate the efficient movement of goods and information (Binswanger et al., 1993, Peck, 

2005).  

- Corruption hinders economic development in emerging economies (Guasch and Straub, 2009, 

Blake and Morris, 2009, Silvestre, 2015).  

- An excessive bureaucratic environment reduces the speed at which decisions are made and 

facilitates corruption (Silvestre, 2015). 

- Intricate tax systems and overly bureaucratic governments reduce transparency and add 

complexity for firms and supply chains (Siqueira et al. 2001). 

- Controversial social issues such as social exclusion, wealth concentration and high 

crime/violence rates complicate the management of supply chains (Hoskisson et al. 2000). 

- The absence of institutional regulation in the informal economy impacts SC performance in 

areas such as wages, benefits and work conditions (Castells and Portes, 1989).  

- Institutional and structural changes in these economies are often nontransparent, opaque, 

unpredictable and unverifiable (Peng and Heath, 1996) 

 

FMEA (DCM specific risk factors): 

- Volatility of economic climate creates an uncertain supply chain 
- Less developed infrastructure and administrative processes increase complexity of the supply 

chain 
- Exposure to long lead times makes supply chain prone to disturbances 
- Little to no insight into single sourced risk 
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The identified risk factors are likely to have significant influences on supply and demand. Volatility in 

the supply chain makes it difficult to forecast accurately. Less developed infrastructure and 

administrative processes cause unnecessarily long lead times which need to be accounted for. 

Moreover, the long lead times makes it difficult to react to changing patterns and the single sourced 

risk may have serious consequences on the supply of raw materials.  

2. Which concepts of SCND can be implemented in order to mitigate the impact of the 

identified supply chain risks? 

Based on the risk factors, we identified flexibility and responsiveness as two important strategic 

features to the DCM supply chain. We argue that lean supply chain practices, which is the most suitable 

supply chain paradigm in traditional high volume commodity markets, does not work as well in the 

IMEAT region due to the inherent volatile in the region. Therefore, we propose solution methods that 

move the supply chain from a pure lean orientated supply chain to a combination of lean and agile (i.e. 

leagile).  

Multiple possible methods for increasing flexibility were identified in the literature (EPCA, 2013), and 

all of these methods have been applied successfully in practice. These have been given a score based 

on the foreseen impact and the implementability of the solution. 

Table 28: potential solutions 

Possible solution Issue Addressed Impact Implementable Total 

Increasing stock levels Reduce uncertainty supply chain 5 8 13 

Localization distribution 

centers 

Reduce lead times 

Manage uncertainty supply chain 

Increased flexibility 

7 6 13 

Shifting decoupling point Improved forecast 

Reduced uncertainty supply chain 

6 5 11 

Customer and product 

segmentation 

Reduce SC complexity 

Improve customer service 

4 8 12 

Flexible sourcing Manage uncertainty supply chain 5 6 11 

Horizontal supply chain 

collaboration (joint shipments, 

collaborative planning) 

Transportation cost reductions 

Improved truck utilization 

8 3 11 

 

3. What effect does the localization of a distribution center or production facility in the region 

have on the performance of the supply chain? 

We conducted separate analyses to determine the effect of the localization of a production facility and 

the localization of a D.C. In Chapter 5 we showed the impact that a new production facility has on the 

utilization rate of existing factories for two scenarios: Saudi Arabia and Egypt. We argue that a 

production facility is not sufficient as a stand-alone solution. Locating a factory only significantly 

reduces the utilization rate at one or two existing factories, and do not help all the factories that are 

in need of more capacity. Therefore, additional methods, like improving the capacity at existing 

factories or increasing the amount of shipments between factories, are inevitable. Finally, we showed 

the implications of these additional methods in terms of costs. 
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In Chapter 6 we analyzed the functionality of a D.C. network compared to the original network by using 

a simulation model. We argued that the D.C. network is always more expansive than the current 

network, due to the relation between the factory -> D.C. and D.C. -> customer transportation costs. 

The benefit that the D.C. network has, is the reduced lead time to the customer, which allows Dow to 

compete with its regional competitors in terms of customer service. We determined the additional 

transportation and inventory holding cost of a D.C. network, and adjusted the profit margin accordingly. 

Based on the analysis results, we determined that the profit margin drops from 34.845% to 28.095% 

in the D.C. network. Finally, we calculated the payback period for multiple investment costs scenarios. 

8.2 Recommendations 
Besides using the insights and tools described in this thesis, we put some emphasis on several 

directions for improvement which can be used by Dow. These directions are based on our analyses’ 

results. 

Gain more insight into single sourced risk 

During the FMEA analysis, lack of insight into single sourced risk was mentioned by several planners. 

We attempted to shed some insight into the issue, by identifying single sourced materials and linking 

them to the total revenue of their end products. However, more research should be conducted in order 

to determine whether certain suppliers still comply with Dow’s standards or not. This should not be 

taken for granted, especially with the expected increases in demand. Once the materials have been 

verified to be single sourced, either additional suppliers need to be found or the inventory level needs 

to be increased to properly match the risk. 

Put more emphasis on flexibility 

As long as the IMEAT region does not stabilize, the demand will continue to be volatile. The supply 

chain needs to tailored to this specific market, by putting more emphasis on flexibility compared to 

the supply chain in well established markets like Europe and North America.  

One method to improve flexibility, which is frequently used in practice, is the localization of a D.C. 

Unfortunately, a D.C. network will, in practically all scenarios, be more expensive than the original 

network. Only in situations in which the factory -> D.C. shipments are much more expensive than the 

D.C. -> customer costs, a D.C. network leads to a reduction in costs. The real benefit of the network 

can mostly be seen in the customer’s perspective. It is necessary in order to provide customers a lead 

time which is comparable to the local competitors. From the market share analysis it is clear that Dow 

currently captures an extremely low market share in the region, especially in huge markets like Nigeria 

and Angola. Serving these customers through a D.C. may enable Dow to compete with their regional 

competitors. 

Combine a production facility in KSA with additional capacity improvement methods 

Based on the capacity analyses, we concluded that a production facility in KSA has a larger primary 

impact on the existing facilities than a production facility in Egypt. A production facility in Egypt 

requires more shipments between factories, resulting in higher transportation costs. 

We have seen that a production facility alone does not fix the capacity deficit at every factory. 

Therefore, the factory needs to be combined with either an increase in capacity at certain existing 



 

49 | P a g e  
  

factories or an increase in shipments between factories. Based on the tradeoff between shipment costs 

and investment costs shown in Chapter 5 we recommend Dow to pick the option best suitable to their 

needs. However, Dow needs to keep in mind that investing in an increased capacity at existing factories 

will most likely be the better long-term choice. 

Use the tools presented in this research to evaluate additional scenarios 

Multiple tools were created during the course of this project, in order to conduct the analyses 

presented in this report. The analysis results were based on certain sets of input parameters suitable 

to each scenario. Different scenarios were drawn based on conversations with internal stakeholders 

at Dow. However, future changes in demand and other variables can change the desired scenario, or 

a certain scenario’s parameter values. Using the tools presented in this research, the analyses can be 

redone for different scenarios. 

8.3 Future research 
During this project, an extensive analysis of supply chain network design in the IMEAT region has been 

conducted. However, there is still a lot of possibilities not covered during our project. In this section 

we provide an overview of different directions for future research. 

Flexible capacity network 

In Chapter 5.6 we presented the flexible capacity network and showed its effect on the service level. 

We showed that the flexible capacity network leads to a better supply chain performance, especially 

in environments with highly volatile demand. This makes it an option worthy of considering in 

emerging markets like the IMEAT region. In this research we did not further analyze the implications 

of implementing a flexible capacity network, nor did we sufficiently determine the benefits of this 

network for DCM. Future research should look into this method, and present a qualitative and 

quantitative argumentation to determine if this method is beneficial or not. Moreover, the additional 

lead times which are incurred from transporting products between factories should be incorporated 

in the analysis as well.   

Product and customer segmentation 

For the analyses conducted in this thesis, we generally assumed that the conditions and policies are 

the same for every product and every customer. In Chapter 6, we calculated the costs assuming a 

service level of 95% for every product and every customer. This does not necessarily have to hold in 

practice. Dow can decide to supply only its most important customer’s through a warehouse as well. 

This would reduce the required inventory at the D.C., and is therefore a direction which DCM can 

explore before it decides to implement this method. 
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Appendix A: Pessimistic and optimistic future utilization rates 
Even though the GDP growth rates are a useful tool to estimate future growth in demand, the forecasts 

are often subjected to a margin of error. We analyzed the future utilization rate based on inherent 

demand growth in a pessimistic and an optimistic scenario. In the pessimistic scenario, the growth 

rates are assumed to be half of the expected growth rates on average. In the optimistic scenario, the 

growth rates are assumed to be twice the expected growth rates on average. The results are below. 

Pessimistic scenario: 

 

 

Optimistic scenario: 
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Based on market share increase 

Pessimistic scenario: 1% increase in every country 

 

Optimistic scenario: 10% increase in every country 
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Appendix B: Base model verification 
Base model: 

We begin with presenting a base model, which is an extremely simplified version of reality and only 

functions under certain assumptions. This model is easy to verify, as closed form expressions exist for 

the performance of these models. The basic model follows the principle of a one location with one 

product principal. In addition, an (R,s,S) inventory control system applies, backorders are possible, 

demand is stochastic and lead times are discrete. The basic scenario is shown graphically in the 

following figure. 

 

 

Assumptions basic model 

(i) Subsequent orders cannot overtake each other (i.e. an order which is placed at time i +1  

cannot arrive before an order place at time i) 

(ii) All demand which cannot be met immediately from stock is backordered 

(iii) The stochastic demand is stationary (i.e. demand distribution does not change over time) 

(iv) The stochastic demand follows the Gamma distribution 

(v) Delivery times are constant and equal to L 

(vi) If unavailable inventory to supply complete demand, the part of the demand that can be 

shipped is shipped in advance 

 

 

Base model verification 

The performance of the basic simulation model is verified by comparing the P2 service level presented 

by the model with the closed form formulae presented by De Kok.  The results are based on a total 

running time of 100*365 days. 
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Appendix C: Demand allocation and capacity usage 
 

Factory C: 

 

Figure 47: Factory C production allocation 

 

Factory D and factory E  

  

Figure 49: Factory D production allocation         Figure 50: Factory E production allocation 
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Factory A 

 

Figure 51: Factory A production allocation 

 

Factory B 

 

Figure 52: Factory B production allocation 
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Appendix D: Growth rates 
 

Countries to serve GDP growth rate 
2017 

Algeria 4 

Bahrain 3.8 

Bangladesh 6.7 

Cameroon 5 

Cote d'Ivoire 7.5 

Egypt 4.8 

Ghana 7.8 

India 8 

Iraq 5.9 

Israel 4.1 

Jordan 4 

Kenya 6.5 

Kuwait 3.8 

Lebanon 2.5 

Libya 10.9 

Morocco 5 

Nigeria 5.5 

Oman 3.8 

Pakistan 4.5 

Qatar 3.8 

Saudi Arabia 3.8 

South Africa 2.4 

Sri Lanka 6.5 

Tanzania 7.1 

Tunisia 4.5 

Turkey 3.7 

Uganda 5.8 

Utd.Arab Emir. 3.8 
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Appendix E: Capacity evolution scenarios 
Scenario 1: Min 10% market share 

 

Scenario 2: Min 15% market share 

 

Scenario 3: Min 20% market share 

 

From these figures we can conclude that a lot of room for increments in demand is present in the 

countries which are currently supplied from Turkey (A164)  
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Appendix F: Accumulated transportation costs 
Accumulated transportation costs Factory B to Factory C 

 

Accumulated transportation costs KSA/Factory B to Factory A 

 

Note that the transportation costs for Factory A accumulates at a much faster rate than for Factory C, 

due to the regional inherent growth rates.  
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Appendix G: Closed form expressions inventory models 
 

(s,Q)-Model 

𝑃2 = 1 −
1

𝑄
[𝐸[(𝐷(𝜏1, 𝜏1 + 𝐿1] + 𝑈1 − 𝑠)+] − 𝐸[(𝐷(𝜏1, 𝜏1 + 𝐿0] + 𝑈0 − 𝑠 − 𝑄)+]]  

𝐸[𝑋] = 𝑠 +
𝑄

2
− 𝐸[𝑈] − 𝐸[𝐷(𝜏1, 𝜏1 + 𝐿1]]  

(s,S)-Model 

𝑃2 = 1 −
(𝐷(𝜏1,𝜏1+𝐿1]+𝑈1−𝑠)+−(𝐷(𝜏1,𝜏1+𝐿1]−𝑆)+

𝑆−𝑠+𝑈
  

𝐸[𝑋] =
1

2
𝑆 +

1

2
𝑠 −

1

2
𝐸[𝑈] − 𝐸[𝐷(𝜏1, 𝜏1 + 𝐿1]]  

(R,s,Q)-Model 

𝑃2 = 1 −
1

𝑄
[𝐸[(𝐷(𝜏1, 𝜏1 + 𝐿1] + 𝑈1 − 𝑠)+] − 𝐸[(𝐷(0, 𝐿0] + 𝑈0 − 𝑠 − 𝑄)+]]  

𝐸[𝑋] = 𝑠 +
𝑄

2
− 𝐸[𝑈𝑅] − 𝐸[𝐷(0, 𝐿]]  

(R,s,S)-Model 

𝑃2 = 1 −
(𝐷(𝜏1,𝜏1+𝐿1]+𝑈𝑅−𝑠)

+
−(𝐷(𝜏1,𝜏1+𝐿1]−𝑆)+

𝑆−𝑠+𝑈𝑅   

𝐸[𝑋] =
1

2
𝑆 +

1

2
𝑠 −

1

2
𝐸[𝑈𝑅] − 𝐸[𝐷(𝜏1, 𝜏1 + 𝐿1]]  
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Appendix H: African demand hubs 
Hub location Surrounding countries with demand 

Hub 1: Northwest Africa  
 

- Morocco 
- Algeria 
- Tunisia 
- Libya 

 

Hub 2: Western Africa 
 

- Liberia 
- Cote d’Ivoire 
- Ghana 
- Nigeria 
- Cameroon 
- Gabon 
- Congo 
- Angola 

 

Hub 3: Eastern Africa 
 

- Uganda 
- Kenya 
- Tanzania 
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Appendix I: Parameter estimation D.C. analysis 
In this section we try to identify a proper distribution for the exogenous parameters based on available 

historical data. Because we are discussing a hypothetical situation with no historical information, the 

values of the control parameters can only be estimated based on certain assumptions. The 

assumptions are discussed in each parameter separately in the corresponding section. Multiple values 

for the control parameters are tested during the analysis. 

Demand data estimation: 

In contrary to the Utilization rate analysis, we choose to look at the product level for this problem, 

instead of the aggregated level. The reason for this is clear; unlike the previous problem, we are not 

concerned with the total capacity usage of the factory, but rather with the stochastic inventory 

development of the D.C. Looking at an aggregated level gives a distorted view of the probability 

distribution of the demand; especially concerning the variability. Hence, we choose to analyze one 

product for the D.C. case study, and generalize the results of one product to the entire product mix. 

The material chosen for the analysis is named: PRIMAL CM220 T/2408PDR/220KG. For simplicity, we 

refer to this product as PRIMAL from here on forth. This specific product has been chosen because it 

is the highest ordered product in the region. Over the course of 2015, 253 of the in total 466 shipments 

towards this region were shipments of PRIMAL. Finally, note that we acknowledge the existence of a 

seasonality trend in the data. However, for the sake of simplicity we assume that the demand is stable 

and equally distributed throughout the year. This should not affect the conclusions of the analysis, as 

we aim to look at the benefits of the D.C. network on the long term. Figure 49 shows the daily demand 

over the course of 2015. 

 

Figure 48: Demand pattern PRIMAL, 2015 

In addition, a closer look at the order sizes identified that nearly all of the shipments of PRIMAL have 

a volume of 17600 KG. Only a small occasions (2.4%) of shipments with lower volume were sent in 

2015. This makes sense, as most of the time these products are sent in fixed size container volumes.  
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 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 7059,36 1 1,2 1,2 1,2 

14065.92 1 1,2 1,2 2,5 

15540,8 79 97,5 97,5 100,0 

Total 81 100,0 100,0  
Table 29: Shipped volumes (KG) 

 
Average order size: 15417.88 KG 
Average demand/day: 3421.50 KG 

 
In order to replicate the demand pattern, a combination of probability distribution for the time 

between order arrivals and the order sizes is required. In order to estimate the order arrival time, we 

use the exponential distribution. In total, 32 days in 2015 a shipment was sent. Therefore, the time 

between order arrivals is assumed to follow the exponential distribution with a lambda of 32/365. A 

Q-Q plot has been created in SPSS in order to statistically test if the order arrival times are truly 

following the exponential distribution. The QQ plot can be seen in figure 51.  

  
Figure 50: SPSS output, QQ plot inter arrival times 

 
Despite the relatively low amount of data points, it seems that the exponential distribution still fits the 

real demand to an adequate degree. Especially the lower values seem to correspond correctly with the 

expected values.  

 

The order sizes are simulated as ‘the amount of trucks send in the period’, with each truck containing 

a total of 15540.8 KG of PRIMAL. Similar to the order arrival times, we decide to test the data against 

multiple statistical distributions in SPSS by creating Q-Q plots. Based on the results, we conclude that 

the best fit is the Gamma distribution. Unfortunately, only a small amount of data-points are available, 

though we believe that the fit seems adequate enough to conclude that the demand sizes roughly 

follows the gamma distribution. The QQ plot is shown in figure 50. Moreover, the gamma distribution 

is applied extensively for inventory control in the literature (Burgin, 1975), which justifies our choice 

of using it. 

Figure 49: SPSS output, QQ plot demand sizes 
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Lead time data estimation 

Obtaining accurate lead time information is a challenging task, as the routes which need to be taken 

in the D.C. network are all ‘new’ routes (in the sense that Dow has never used these routes before) 

without historical data available. Therefore, we base our estimations on several assumptions. 

Assumption 1: D.C. and customer locations 

Looking at the demand dispersion (figure 37), it is clear that most of the demand in Africa comes from 

countries along the coast. This is not necessarily a coincidence. Most of the central countries are less 

developed, due to their lower accessibility. This logic can be translated to the country level. It makes 

sense that most companies are located near the water to increase their accessibility. Therefore, when 

assessing the D.C. and customer locations in each country, we assume locations at or near to the sea 

within each corresponding countries. For countries which are landlocked, the location is assumed to 

be approximately at the center of the feasible set (with the feasible set including the area of the 

country where company locations are possible. i.e. excluding deserts etc.). 

Assumption 2: lead time definition 

The sea lead time is defined as the time it takes to travel from one country to another. The 

transportation time of a sea delivery is therefore only dependent on the time it takes to cross the 

ocean (i.e. it disregards the time it takes to load, unload or move from the port to the actual customer’s 

site). This assumption makes sense, as those times remain constant.  

Shipment types 

Two types of shipments can be distinguished: the D.C. shipments and the direct shipments. The former 

is defined as the shipments to the customer which pass the D.C. The latter are the shipments to the 

customer directly sent from the factory. The difference can be seen in figures 52 and 53.  

It is important to note that two different modes of transportation are involved as well: sea and road. 

Shipments from the factory to the D.C. involve sea shipments, and from the D.C. to the customer are 

road shipments. The distances and the time to transport have been estimated using two sources: 

google maps and searates.com. Google maps was used to estimate the inland distances and searates 

was used to estimate the distance of the shipping routes. 

 

Figure 51: D.C. shipments 

 

Figure 52: Direct shipments 

Based on the mentioned websites, we’ve determined the following average distances: 
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From D.C. (Nigeria) to: Distance (KM) Time 

Factory A 9100.73 (5654.93 mi) 360 hours (sea shipment) 

Liberia 1969 31 hours (road shipment) 

Cote d’Ivoire 994 17.75 hours (road shipment) 

Ghana 461 9.25 hours (road shipment) 

Nigeria 0 0 hours (road shipment) 

Cameroon 1146 18 hours (road shipment) 

Gabon 1998 30 hours (road shipment) 

Congo 2784 43 hours (road shipment) 

Angola 3845 58 hours (road shipment) 

Table 30: Transportation times 

Furthermore, we implement a random error term to make the lead times variable. This error term is 

uniformly distributed between 0 and 3 days for the sea shipments and 0 and 3 hours for the road 

shipments. The error term can be adjusted for future analyses to better reflect other scenarios. 

Translating parameters into costs 

In order for us to make an informed judgment of the network, all parameters need to be transformed 

to one uniform parameter value. In this case, we have chosen to translate all the parameters into costs 

in terms of USD. Recall that we distinguished the stock holding costs, stock-out costs and delivery costs 

in previous chapters. We discuss these three factors in the upcoming sections. 

Stock holding costs 

Directly linked to the average amount of products in inventory are the stock holding costs. We define 

the stock holding costs as the percentage of the value of the stock, which could have been obtained 

with a risk-free investment. In this case we assume an annual percentage yield of 1.0. According to 

several online sources, this is quite realistic at the time of writing the report (Bloomberg, 2016). The 

value of a KG of PRIMAL is worth $0.92 USD. Hence, the stock holding costs is $0.0092 USD per KG. 

Stock-out costs  

Besides the stock holding costs, the stock levels simultaneously affect the stock-out costs. The stock 

out costs can be seen as additional costs which are incurred when Dow is unable to supply a customer’s 

demand. This can be seen as a ‘penalty’ and does not always have to be in terms of costs in practice. 

Frequent stock-outs can also lead to loss of brand equity and loss of customer loyalty (Sloot, Verhoef, 

& Franses, 2005).  At Dow, no specific policy is available for the stock-out costs. Most of the time, a 

new date is negotiated with the customer, which makes it difficult to assign an accurate cost factor to 

stock-outs. Hence, we do not assign a cost to the stock-outs. Instead, we assume that a service level 

of 95% at the D.C. is mandatory. 

Lead time and delivery costs 

Using existing data, we identified the fixed costs for shipments to the western Africa hub region. For 

most cases, these appeared to be $370 USD per shipment. The variable costs for the sea shipments 

are unnecessary, as we assume that the total volume shipped to the region is the same in both 

scenarios. This assumption holds as the total demand per year is the same for both scenarios as well. 

The costs for the road shipments are more difficult to assess, as these are all new routes without 

historical information. To tackle this problem, we use shipment data from South Africa to determine a 

base value for the shipment costs in the Western-African region. The base value is then transformed 
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into a country specific value suitable for the Western-African region. The analysis is explained in more 

detail in the upcoming section. 

Road transportation costs analysis – Data: South Africa 

We begin this analysis by determining a base value of the transportation costs based on existing data 

of South African road transportations. Using the SAP system, we found a total of 2985 shipments in 

2015 within South Africa, 2642 of which were road transportations. Moreover, the following data 

points were filtered out of the data set: 

- 355 data points with either a negative transportation costs or a transportation costs of 0 

- 7 data points with an unknown destination 

Our hypothesis is that the transportation costs are dependent on two factors: the distance and the 

volume. First of all, we look at the relation between the costs and the volume sent for one product and 

one customer. This way, we ensure that the difference in costs is always for the same end destination 

(and therefore also for the same distance). Figure 54 shows the transportation costs for certain 

volumes. It is clear that the costs per KG reduces as more products are transported at the same time. 

This makes sense, as the fixed costs are spread out over the amount of KG sent.  

 

Figure 53: Transportation costs for certain sized orders 

Moreover, we also look at the distance vs. the costs using approximately the same order sizes (exact 

order sizes is impossible, as the volume delivered is always different). Note that we choose deliveries 

with a volume of 30000 KG to 33000 KG. The results are shown in figure 55, and are distinguished into 

three separate groups based on distance.  

 

Figure 54: Transportation costs for certain distances 

The figures confirm our expectations that the distance and the volume affect the transportation costs. 

However, this does not exclude the fact that other external factors have an impact as well. Seasonality, 
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availability of trucks, competitors in the region, rush orders and special agreements between Dow and 

the supplier are just a few things which can otherwise influence the prices as well. Unfortunately, it is 

not feasible to take all these factors into account. Instead, we use the distance, volume and a factor 

we call the ‘logistics performance index’ to transform the costs from South Africa to appropriate values 

for the Western-African region. This should give us a decent estimation of the costs.  

Determining appropriate values for Western-African region 

As mentioned before, we transform the costs obtained from the analysis of South African 

transportation data to appropriate costs values for the Western-African region based on the following 

three factors: Transported volume, distance and logistics performance index (Worldbank, 2014). The 

logistics performance index is the same score as the one used during the qualitative discussion of 

production facility locations in Chapter 5. This score is taken into account, as the level of infrastructure 

has a huge influence on the costs.  

We determine the cost values for the Western-African region based on a simple linear relation. A 

regression analysis is conducted in SPSS in order to determine the relation between distance and costs. 

The results are shown in table 10.  

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -,003 ,007  -,397 ,701 

Distance 7,434E-5 ,000 ,951 9,208 ,000 

 
Table 31: SPSS output, relation distance and costs 

Furthermore, the percentual difference in logistics performance index is translated to an equal 

percentual difference in costs. Note that South Africa has a logistics infrastructure rate of 3.43. This 

leads to the following costs shown in table 20. 

 

 

From D.C. (Nigeria) to: Distance (KM) Logistics performance index Costs (USD)/KG 

Liberia 1969 2.62 0.191629 

Cote d’Ivoire 994 2.76 0.091832 

Ghana 461 2.63 0.044695 

Nigeria 0 2.81 0 

Cameroon 1146 2.30 0.12705 

Gabon 1998 2.20 0.231574 

Congo 2784 2.08 0.341289 

Angola 3845 2.54 0.385993 

Table 32: Distance and transportation costs per country 

For simplicity, we calculate a universal cost value by using a weighted average based on demand 

volume from the countries. This leads to a cost factor of $0.0714 USD/KG. (Note: demand of all 

products is used here, so the cost can be used for all products and not just PRIMAL).  
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Appendix J: D.C. Scenario 2 – Eastern hub 
The D.C. analysis is repeated for the eastern hub.  

The highest volume product which is sold in all countries (Kenya, Uganda and Tanzania) is ROPAQUE 

ULTRA E DRPL 160KG, henceforth referred to as ROPAQUE. ROPAQUE is used in this analysis, similar 

to how PRIMAL was used in the analysis of western Africa.  

Material Name Inventory Balance 
(KG) 

Inventory Balance Value 
(USD) 

ROPAQUE ULTRA E DRPL 160KG 3,840 $ 2,662 

Average:  $0.693 USD/KG 

The demand data of ROPAQUE in 2015 for the eastern hub can be seen in the following figure: 

 

Too little data points, so not really possible to make accurate conclusions about the underlying 

distributions. However, we attempt the SPSS analysis anyway in order to find the most likely 

distributions. 

Interarrival times: 

 
 

Demand size: 

Average truck sizes: 19200 kg/truck 

Similar to the Nigeria case, we determine the distribution of the number of trucks sent. 
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It’s clear that we have too few data points, so we can’t say for sure that it follows any distribution. 

We do assume a Gamma distribution for the sake of the analysis, as this is the distribution that is 

generally used to replicate demand data in the literature.   

 
Shipping costs: 

Fixed tender costs: 

  

Average: 1742.195 

Road transportation costs: 

Similar to the western Africa hub, we use data from South Africa to estimate the costs. 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -,003 ,007  -,397 ,701 

Distance 7,434E-5 ,000 ,951 9,208 ,000 

a. Dependent Variable: Costs 

 

From D.C. (Kenya) to: Distance (KM) Logistics performance 
index 

Costs (USD)/KG 

Kenya 0 2.81 0 

Tanzania 824 2.33 0.090175 

Uganda 658 2.57* 0.065284 
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*Uganda data unavailable in the World Bank data set. We have chosen to take an average of Kenya 

and Tanzania. 

For simplicity, we calculate a universal cost value by using a weighted average based on demand 

volume from the countries. This leads to a cost factor of $0.0714 USD/KG. (Note: demand of all 

products in used here, so the cost can be used for all products and not just ROPAQUE). 

Kenya 519976 

Tanzania, United Rep 485200 

Uganda 209760 

 

This yields the following average cost: $0.04728 USD/KG. Using an average shipment number of 19200 

KG, this translates to a total costs of $907.776 USD/shipment. 

 

 

 

 

We determine the holding and the shipment costs based on the same method as described in the 

Western Africa Scenario.  

Holding Cost: 

Approximately 110KG is required on stock at the D.C. in order to reach a 95% service level. This 

translates to a value of $76255.21 USD. Using an annual percentage yield of 1.0, this translates to a 

total holding costs of $762.55 USD/year. 

Transportation costs: 

907.776*19.36 – (19.36-3.067)*1742.195 = -10811 
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Due to the high costs for shipping products from the factory to the D.C. in Kenya, the total 

transportation costs for the D.C. network is actually lower than in the current set-up.  

Generalizing costs 

The generalization is done based on the following assumption: 

The analysis output is assumed to be a linear function of the total demand of the product. 

This implies that both the number of shipments and the average inventory are linear functions of the 

total demand of the product (i.e. a product with half of the demand of ROPAQUE will also have half of 

the shipments and half of the average inventory). Based on this generalization, it appears that DCM 

saves $616707.395 USD/year if it uses the D.C. network to consolidate shipments from the factory to 

the Eastern African region. 

The ratio between the factory -> D.C. and the D.C. -> customer costs, cause the D.C. network to be less 

expensive based on transportation costs compared to the original situation. This is attributed to the 

fact that the D.C. situation allows DCM to consolidate its shipments. Despite the market being 

significantly smaller than the Western African region, there is still plenty of room for growth. Based on 

this analysis, a D.C. network in the Eastern African region will be extremely profitable for DCM. 

 


