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Abstract 

 
The business area wants to remain in a market leading position. To do so being cost 

efficient is central. Lowering costs in the supply chain and when it comes to purchasing 

products is one way of optimizing the organization's actions. 

 

The business area hasn't developed any model or tool to handle the Total Landed Cost 

(TLC). The goal with the tool has been to educate the purchasers how to handle these 

costs and with the study give guidance on how to improve the cost focus within the 

organization. The company also has an environmental goal of reducing their emissions 

with 20 % within the next 5 years, the thesis therefore contains an investigation by 

integer programming about how the business area could be able to achieve this. 

 

By making qualitative interviews and using scientific articles as a base the authors 

constructed a model for TLC. A tool was created for comparing supplier solutions and 

to visualize the TLC. Connected to the TLC two special cases regarding how to handle 

transportation and inventory was also executed. The purpose is to encircle adjacent 

request from the client.  

 

The business areas TLC are affected by transportation costs, customs and tariffs but it 

can be affected by currency and risk parameters as well. The study showed that several 

investigated costs should be excluded as cost drivers in a TLC perspective.  
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Sammanfattning 

 
Affärsområdet arbetar för att bibehålla den marknadsledande position som de har idag. 

En faktor till att kunna behålla den är att jobba på ett så effektiv sätt som möjligt. Att 

sänka kostnaderna i försörjningskedjan samtidigt som man är kostnadsmedveten vid 

inköp är ett sätt att optimera kostnaderna. 

 

Affärsområdet har börjat diskutera TLC för att förbättra sin kostnadsbild, men har inte 

än utvecklat något verktyg som hanterar detta. Målet med att utveckla ett sådant verktyg 

är att spara kapital samt att kunna utbilda och guida inköparna när det gäller hela 

kostnadsbilden. Samtidigt arbetar företaget mycket med att bli mer och mer 

miljövänligt. Med det i tanke innehåller arbetet ett case om hur det kan komma att se ut 

om företaget vill uppnå sitt mål med 20 % lägre miljöpåverkan inom de närmaste 5 

åren. 

 

Genom en kvalitativ undersökning understödd med vetenskapliga artiklar har 

examensarbetet tagit form. Under arbetet har ett verktyg för att kartlägga de totala 

kostnaderna vid inköp utvecklas. För att visa hur verktyget fungerande skapades ett 

case. Utöver detta var ytterligare två case utförda det ena om transport och det andra om 

orderkvantitet. 

 

Affärsområdets TLC påverkas av transport, tullar och avgifter. Samtidigt som det kan 

beröras av valuta samt landsrisker. Arbetet visade på att ett flertal kostnadsdrivare 

kunde exkluderas från verktyget. 
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1. INTRODUCTION 

“Given the wide variety of applications and challenges in identifying costs, 

organizations that recognize the need for a structured approach to make 

strategic supplier selections will have an advantage over their 

competition” (Feller, 2008). 
  

In the introduction chapter, the background to this project is described together with a 

complete background of the business group and the business area. The problem 

background is defined together with the project's objectives and goals followed by the 

projects delimitations. The chapter ends with a guidance of how the thesis is designed 

regarding its disposition. 

 

1.1 GENERAL BACKGROUND 

In today's high competitive and global market companies need to find different ways to 

stay competitive (Schaibly, 2004). One of these ways is to be more effective and try to 

lower the cost throughout the whole company. Another way is to move the business 

abroad to reach new markets and find lower production costs, which can give higher 

margins (Kannan & Keah-Choon, 2002). But there may also be some difficulties by 

moving abroad like more complex transportation and longer lead times (Thomchick & 

Ruamssok, 2009). 

  

One way to lower the costs is to make strategic supplier selections, to see if there is 

some room for improvement when it comes to choosing a new supplier or changing a 

supplier. Being careful when choosing supplier can both save money but also give a 

competitive advantage (Feller, 2008). 

  

A way to take more control over the savings is to use a model to calculate the TLC. The 

TLC helps to map all the costs and makes it easier to see which cost that can be 

reduced. The model can help visualizing the differences between two suppliers and the 

different advantages of each supplier. Examples of advantages can be cheap production 

costs or Just-In-Time delivery (Hong & Hayya, 1992; Jearasatit, 2010). 

1.2 MARKET TRENDS 

When it comes to the environment of global business much has changed in recent 

years. Reduced trade barriers as well as advancements in communication and 

transportation technologies have changed the world trade. The need for companies 

and their supply chains becoming active globally have increased due to greater 

competitive pressure (Golini & Kalchschmidt, 2011). 
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When it comes to sourcing, the importance of other factors beside solely a profit 

driven philosophy have been growing, one of those are the increased demand of 

sustainable actions (Chopra & Sodhi, 2004). This sustainable trend emerged from 

consumer demand of more environmental friendly products (Michelsen & de Boer, 

2009). However, the importance of price, location strategy as well as legislation 

and regulations is still essential (Golini & Kalchschmidt, 2011). 

  

There are some reasons that have made some companies doubtful when it comes 

to start sourcing abroad. One of the reasons mentioned is the increased risk of 

disruption due to irregular weather condition around the world (Chopra & Sodhi,, 

2004). Deloitte (2014) asked companies why they may move back their production 

and the main reasons for that is the bad performance from the offshore supplier 

and another is incompetence to realize the cost advantage of sourcing. In addition 

to these reasons, time zone differences and government involvement are two other 

drivers why companies are moving back production. All in all, the higher rate of 

complexity of outsourcing is the incentive for moving it back.  

  

When choosing which country to source from, free trade agreements are 

something companies may take into consideration. This is something that can 

create a competitive advantage but it must be investigated if the country is a good 

strategic location as well (European commission a, 2016). The shipping trends 

tend towards a more environmental situation, this can be done by new better 

transportation which can handle larger volumes of goods (European commission b, 

2016). 

  

Together with better transportation solutions, the demand of Just-in time deliveries 

of goods arise, this led to a change in transportation also affecting inventory 

management and lead times (Golini & Kalchschmidt, 2011). 

1.3 PROBLEM BACKGROUND 

One of the opportunities within the business areas procurement division is to 

source products from different suppliers to secure delivery, quality and cost. 

Depending of category and product there are different ways to be successful on 

delivery, quality and cost. One way to work with this is to change suppliers. A 

final decision to change supplier has many sub decisions points, one of those is the 

TLC. 

  

By dividing costs into different categories of costs the understanding for the whole 

cost situation of the supply chain can be investigated and optimized, see Figure 1. 

By finding and investigating the cost drivers of importance and making the 

different costs visible the business area can optimize their costs by lowering them. 
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When the TLC is transparent, other categories of cost can be investigated, like 

different costs of suppliers. By starting with a wide spectra of the cost situation to 

know the overall costs, and then zooming in on all different cost drivers existing in 

the whole supply chain, the overall cost picture can be recognized and managed. 

  

To secure a lower TLC for the direct material supply, the use of a cost model is 

needed. This is something that doesn’t exist today and to create such a model for 

the business areas procurement division is the main topic for this master thesis. 

  

 

Figure 1. The parts of the TLC. 

In addition to what is described above, the business area also needs to decide ordering/ 

batch volume considering the net working capital (NWC). Ordering larger numbers of 

products lowers the price, but carrying larger inventory and a risk of not being able to 

sell/use all the products. The business area therefore wants to get input on how to 

optimize the procurement, so that they can meet a varying customer demand without 

having too much inventory, see example in Figure 2. 
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Figure 2. Shows an example for how demand can vary whitin a company. 

In addition to the TLC, some guidance regarding ordering quantity and how to manage 

inventory was asked for, this affects the net working capital, and is something that the 

business area would like to have investigated. The objective will therefore be to deliver 

answers in these two areas. 

1.4 COMPANY BACKGROUND 

 

1.4.1 THE BUSINESS GROUP 

The business group is a large industrial company with about 50,000 employees all 

around the world. The group has five different business areas and this project is within 

one of the business areas, see Figure 3. The group always strives to be the global leader 

within all its business areas. To keep a leading market position notable amounts are 

invested into Research & Development (R&D). At the moment the group is world 

leading in offering their customers processed steel products. 
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Figure 3. Shows the organizational design of the company, the investigated 

business area is one of the 5 business units under the business group. 

1.4.2 THE BUSINESS AREA 

The business areas headquarter is located in Sweden. The business area provides special 

orientated products for metal cutting, focused on B2B. The business area has about 

20.000 employees and is present in about 150 countries. One of the business areas main 

targets is to make their customers more productive and always give them the best 

possible solution. 

 

The business area are market leaders and want to remain in that position, to do so R&D 

is stated to be of big importance. By meeting customer demand at the same time as 

having the best quality, service and competence are central factors for the ongoing 

business. 

1.5 PROBLEM DEFINITIONS 

1.5.1 OBJECTIVES AND GOALS 

The goal of the master thesis is to help the business areas purchasing organization in 

their work to deepen their business knowledge and how to spend their resources. By 

gaining information about the different costs included in their TLC, and visualizing 

these costs, the goal is to help the purchasers to get a better understanding of which 

suppliers to choose. The idea is that the tool which will be developed shall help the 

purchasers in their work with choosing suppliers and how they can avoid different costs. 

This is the first and main part of this study (1).  

 

The business area is active in trying to reduce its effect on the environment. The 

business area and the business group have specific goals that they are aiming for. 

Therefore, they want to gain understanding of how costs and emissions are connected. 

This has also been done concerning lead time for products from production sites to the 

distribution center (DC). This was done as an additional study (2).  
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This study also seeks to guide the business area regarding how they could handle order 

quantities to being able to manage volatility in the customer demand of their products. 

This was the third and last investigated area of this study (3). 

1.5.2 DELIMITATIONS 

One of the limitations considered is that products from different suppliers will be 

assumed to have the same quality, since it’s too difficult to assess which of two products 

has the best quality and also how to value quality compared to TLC. Another restriction 

for this thesis is that it only covers the TLC until the products reach the DC and not all 

the way to the costumer. 

 

Only costs that can be quantified are considered in this study. Good business relations is 

one example that can’t easily be quantified and therefore it’s excluded.  

  

Another factor that we are excluding from this project is penalty cost, issued when a 

supplier for example misses a delivery or the delivery is incomplete. 

1.6 THESIS DISPOSITION 

This thesis disposition closes the introduction chapter, and provides the content and 

order of the thesis. 

 

Chapters: 

 

1. Introduction: After reading this chapter the reader should have understood the 

problem background and the definition of the problem with its goals and 

objectives. 

 

2. Theory: In the theory the theoretical base of the numerous factors that describes 

the thesis approach is presented. This to give the reader a chance to follow 

what’s discussed in the later chapters. 

 

3. Method: In this chapter the methods for finalizing the thesis and fulfilling its 

objectives and goals are presented , this chapter ends with a short analysis of the 

used methods. 

 

4. Analysis: The interviews are analysed together with the different cases for TLC, 

transportation and order quantity. 

 

5. Results: Here the results of the investigated areas of this thesis are presented. 

They consists of the results for the TLC model, the transportation case and the 

order quantity case. 
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6. Discussion and Conclusion: The completion of the thesis starts with a 

discussion regarding the results from chapter 5, and ends with the conclusions 

that encircle the objectives and goals stated in the introduction.    
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2. THEORY 

2.1 COST DRIVERS 

2.1.1 TLC 

When purchasing an item from a supplier the purchase price is often seen as central, but 

for a company to understand its costs it’s of importance to investigate the TLC, where 

the purchase price is just one part. The TLC includes material, duties, taxes, 

transportation and other costs (Schaibly, 2004). The total cost of a product delivered to a 

given location, the cost of the production and the delivery cost (of the transportation) to 

the customer has together been defined as the landed cost (Coyle, Bardi & Langley, 

2003).   

 

TLC models are used to help businesses make decisions regarding purchasing activities, 

in terms of finding the least costly supplier, regarding not only purchasing price but also 

other cost like transportation (Jearasatit, 2010). Thomchick & Ruamssok (2009) created 

a TLC model containing six groups of cost, including the purchase price, transportation 

costs, customs and import, inventories, administration and risk. 

 

The level of capitalization and how the capital is used within the business area to serve 

its customers affects the business area’s profit margin. By using the DuPont-model, 

lowering the TLC implies a lowered turnover for the business area, which results in a 

higher profit margin (Brealey, Myers & Allen, 2011). 

2.1.2 USAGE OF TLC 

Before reducing the TLC of a business procurement the costs need to be visible 

(Holcomb, Ponomarov, Menrodt, 2011). The usage of TLC shall only contain the costs 

which are affecting the procedure from sourcing items until the final product has been 

delivered to the customer (Coyle, Bardi & Langley, 2003). The changing condition of a 

global market implies that the importers need to re-evaluate their landed costs in a 

regular basis to be aware of their costs (Van der Hoeven, 2003). 

 

Nowadays companies of all sizes are active in global procurement, which has 

strengthened the importance of the TLC. It’s of importance for calculating cost in the 

right way not just to focus on some costs, but to consider the TLC (Thomchick & 

Ruamssok, 2009). 

  

The idea of using total cost models is to analyze if a change of supplier would be 

beneficial. Using total cost models, the costs of different alternatives can be compared. 

Although estimating the full cost of suppliers takes more than only considering the 

differences in cost (Morita, 2007). 
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2.1.3 LOGISTICS 

In a global supply chain the geographic distances of the sent items become longer. This 

implies higher transportation costs in general but also problems in forecasting the lead 

times and demands, due to a higher complexity of the supply chain. This has implied 

that businesses present in a global context use higher numbers of inventory (Jearasatit, 

2010). The longer time capital is used in the supply chain the higher is the negative 

effect on the net working capital (Motlicek & Polak, 2015). 

 

There are logistical challenges regarding terms of distances, time, demand volatility, 

documentation, inventory requirement and custom barriers when it comes to suppliers 

(Kumar, Andersson & Rehme, 2010). In recent years the shipments have started to be 

more frequent. This has made the shipments more accurate and in some cases lowered 

the inventory levels. More frequent deliveries are needed when starting to source 

globally due to the long distances between supplier and customer. Inventory is needed 

due to uncertainty when it comes to transportation, the uncertainty and risk also increase 

with the distance of shipment. Time is one of the most important variables when it 

comes to deliveries, it’s vital to follow the agreed delivery times (Fernie & Sparks, 

2004). 

 

For making transportation, a decision must be made which Incoterm to use. The 

Incoterms state global rules and conditions regarding the transportation of goods. The 

different incoterms for the purchasing business extends from taking all the risk of the 

transportation and planning the transportation to wholly leaving it to a third party 

(Lazăr, 2011). 

 

2.1.4 TAXES 

Taxes are considered to be factors of importance for any company since tax affects the 

company's result. For optimizing the profit companies strive to minimize the tax burden. 

Changes in tax rates affect companies (Masri, 2014). Taxes are easily ignored by 

businesses since they are complex, but doing so is simply to assume that the tax rate is 

zero. The tax rates in countries do not solely decide where to locate businesses. Taxes 

and duties may become the deciding factor when countries are comparable in other 

ways. Sourcing decisions are affected by both tax and non-tax considerations (Wilson, 

Hubbard & Slemrod, 1993). 

2.1.5 AGENTS 

When using agents instead of a direct contact with the supplier a business is depending 

on the agent's ability to construct good relationships with the supplier. The usage of an 

agent is common since the company doesn't have the resources to find the right supplier 

on their own. But it can also have to do with the lack of knowledge about a country or 
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market knowledge that an agent possesses. Another skill that an agent may possess is 

the ability to negotiate good terms with the supplier, which can improve the price 

(Chun, Viswanathan & Henke, 2011). 

2.1.6 CURRENCY 

In the global economy where companies are present today transactions likely include 

different currencies. Currency fluctuations in general have a neutral effect, but could be 

profitable or costly for a company depending on how the company decides to position. 

Efficient markets have the prices fairly just, since market actors who feel that the price 

is too low buy the hedge and vice versa. The cost of hedging can work as a good 

estimation for the cost of the risk exposure (Thomchick & Ruamssok, 2009). 

 

Choosing which currency to use for purchasing is of big importance. The time period 

for the payment should be taken into consideration, for handling currency questions. 

Choosing a currency with low volatility in general implies less risk and handling. 

Having a stable currency increases the probability of another party to agreeing on 

setting prices in this currency (Gopinath, Itskhoki & Rigobon, 2010). 

2.1.7 LIABILITIES AND TRANSACTION ACCOUNTS  

Since the income of a business is not affected by changes in liabilities or assets they are 

sometimes ignored when it comes to cost models. However, even if the income is not 

affected these changes affect other performance ratios and cash flows. For accounts 

payable the terms may differ depending on the agreements between buyer and seller. 

Some suppliers demand direct payment while other accepts the payment period after the 

goods have been delivered (Thomsick & Ruamssok, 2009).  

 

For every business there are beneficial reasons of getting the payment as fast as possible 

and keeping the capital as long as possible. The capital can be invested or used in the 

business for actions affecting the bottom line positively (Institute of Management 

Accountants, 2008). 

2.1.8 INSURANCE 

The decision of how to insure or whether to insure is depending on the business 

strategy. When it comes to transporting the goods from the supplier, there are different 

ways of insuring the goods. It can be done by using an Incoterm where the products 

automatically are insured or by getting a separate insurance (Lazăr, 2011). 

2.1.9 PACKAGING 

It’s a critical issue to reduce damage of products, packaging is therefore another 

parameter to highlight for sourcing businesses. The total cost is affected both by unit 

packaging and packaging of sets. The buyer is usually both taking the cost for the 



19 

 

 

packaging and handling the product packaging arriving from suppliers (Kumar, 

Andersson & Rehme, 2010). 

 

The usage of packaging has changed from focusing on basic functions like chemical or 

biological aspects and protecting the product to also include a broader picture. The 

packaging should also contribute to prepare the products for efficient handling, storage, 

transport and consumption. Size and weight of the packaging is affecting the efficiency 

and costs of transportation together with the storage costs (Lockamy, 1995). 

2.1.10 RISK 

Going globally means that a business exposes themselves to more risks and has to 

control factors. These types of factors need to be handled with care (Jearasatit, 2010). 

Supply chain risks go beyond only financial consequences. It may strike against the 

brand equity, affect product quality as well as lead to loss of customer confidence. It 

could also lead to product recalls with reverse supply chain costs as a result. Supply 

chain disruption could occur as a result if the government taken actions and changed its 

regulations (Morita, 2007). 

2.1.11 INFLATION 

Differences when coming to inflation affect the prices and therefore also the TLC of 

procurement. The average prices of goods also include the units of the business areas 

procurements. The inflation rate indicates how the average price of goods is increasing 

(Friedman, 1976). Comparing two suppliers from different monetary markets with 

inflation differences affects the procurements price as well as the TLCs in longer 

perspective (Giri & Bardhan, 2011).  

2.2 SUPPLIER THEORY 

2.2.1 SUPPLIERS 

The trend is that the number of used suppliers has been lowered by purchasing 

businesses. A lower number of suppliers might however make a business supply chain 

more fragile and dependent of their key suppliers (Bertodo, 2002).  

 

The work of lowering the number of suppliers results in an easier situation to handle the 

suppliers. When lowering the group of suppliers the average supplier efficiency 

improves. When deciding which suppliers to use, the selection ends with choosing the 

strongest actors from the business view, which have been proven results in higher level 

of overall performance (Trent & Monczka, 1999). 

 

When a company is depending on some suppliers there is also a need of effectively 

manage suppliers. Key data such as delivery and price have been used for supplier 
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selection and assessment (Kannan & Keah-Choon, 2002). The contacts between buyer 

and seller, in a supplier network are of importance for the outcome of the procurement 

results, and are usually of importance when benchmarking different suppliers (Bertodo, 

2002). It’s however also stated that costs are the primary criterion for businesses in 

general when choosing the supplier (Kannan & Keah-Choon, 2002). 

 

There is a contradiction between always choosing the cheapest supplier and establishing 

long-term relationships which have been shown to be of importance. By using long-

term relationships and sharing systems, investments and follow-ups the cooperation can 

evolve and become stronger. Using supplier relationship management also has been 

shown to have impact on cost efficiency (Swink, Narasimhan & Kim, 2005). 

 

A business together with its suppliers can identify the large costs they may have in their 

value chain, and together focus on decreasing them, leading to possible optimization of 

both businesses (Monczka & Morgan, 2002). 

2.2.2 DECISION MAKING MODELS FOR SUPPLIER SELECTION 

The selection of sourcing can play a major part when it comes to reducing the 

purchasing cost and to improve competitiveness. This is why many experts in the area 

think that selection of the right sourcing is the most vital assignment for a procurement 

division (Ghodsypour & O’Brien, 2001). 

 

Selecting a supplier and considering several parameters is called multi-criteria decision-

making methodology, first of all which goals and parameters should be included in the 

model and how these should be prioritized (Ghodsypour & O’Brien, 2001). It’s very 

complex to achieve good performance considering all different parameters, therefore 

it’s critical to choose the right parameters to prioritize to maximize the result (Wang, 

Huang & Dismukes, 2004). 

 

In today’s supply chain management it’s important to always be able to meet the 

customer's demand on lead time, so Just-In-Time is a tool that many companies uses to 

fulfill the customer requirements. When using Just-In-Time the number of suppliers to 

use is a critical factor (Hong & Hayya, 1992). 

 

Smith (1999) highlights the importance of including demand volatility, the cost of 

delivery, complexity of the product and the risk associated with failure as parameters of 

importance when it comes to international purchasing (Kumar, Andersson & Rehme, 

2010). Cost and quality is put forward as main drivers when it comes to international 

sourcing (Kannan & Keah-Choon, 2002). 
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It may also be of concern when choosing a supplier that some suppliers may offer a 

discount if the order quantity exceeds a given number. This can affect how many 

suppliers to choose (Meena & Sarmah, 2012).  

 

Companies that are high performing places greater importance in selecting suppliers and 

are conscious how it’s affecting the business performance. Visit at production sites and 

usage of alternative suppliers are actions used for improving supplier performance 

(Kannan & Keah-Choon, 2002). 

2.2.3 CHANGING SUPPLIERS 

The sourcing decision also includes whether to focus on suppliers from a special 

geographic area, a few countries or making it worldwide. There may be country specific 

factors deciding which suppliers to go for. A country or region will have relative 

advantages in some respects and disadvantages in others (Lee & Lee, 2007). All 

switching costs should be considered. In addition to the known switching costs there are 

also costs that are hidden and cannot easily be visualized nor realizable (Morita, 2007). 

 

Supplier qualification can be ordered down to sorting if different suppliers are 

acceptable or not, and from that a further rank of the suppliers can be done, to finally 

come up with the best available supplier for the business. The choice of supplier 

selection is central. However, the success of making the correct choices relies on a good 

quality in the steps prior to that phase (Chai & Ngai, 2015). 

2.2.4 SOURCING 

The purchase price when using suppliers from low labor cost countries are in general 

lower, but that doesn’t necessarily mean that the TLC will be lower for the purchasing 

entity (Trent & Monczka, 2003). A full cost model should consider the effects that are 

connected to a business sourcing decision. Due to the complexity of sourcing decisions 

and the potential consequences, rarely no single employee is aware of the whole picture 

(Morita, 2007). 

 

Companies tend to underestimate the total costs of international sourcing. The 

consequences lead to planned savings not being realized and uneconomical results 

(Pumpe & Valleé, 2015). The main reason for companies to consider moving 

production abroad is the possibility for cost savings. Not all companies are successful 

regarding this, it has been shown that the realized savings were not as large as they were 

estimated and unexpected costs appeared (Dachs & Zanker, 2014). 

 

Global sourcing has helped many businesses to stay competitive in a tough economic 

environment and helping them to come up with substantial bottom-line savings. 

Companies that haven’t got enough procurement data about the cost in thier own 

business and in the market should not begin with any global sourcing (Schaibly, 2004). 
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The increased outsourcing of companies to focus on the business core competencies 

increases the dependency of suppliers (Kannan & Keah-Choon, 2002). The monetary 

savings from global sourcing are often first realized after the sourcing activities have 

been completed (Schaibly, 2004). 

 

In the recent years more and more companies have started to move back the production 

from low cost countries to Europe and USA. The main reason for this is that the 

companies often are dissatisfied with the quality of the products manufactured in low 

cost countries. Other reasons for back sourcing are missed possibility to be flexible 

followed by too high transportation costs (Dachs & Zanker, 2014). 

2.3 INVENTORY  

2.3.1 INVENTORY BACKGROUND 

The competition on the market forces businesses to focus on revenue generating 

operations and cost reduction. How to handle inventory is in this context of importance. 

Large values are stored as inventory and to lower these costs is therefore critical for 

supply chain units (Ru & Wang, 2010). 

 

Costs for inventory can be divided in carrying costs of inventory and inventory holding 

costs. Carrying costs of inventory corresponds to the cost which arise from tied up 

capital and risk costs, like obsolescence and shrinkage. Tying up capital implies a loss 

of potential revenue (Oskarsson, Aronsson & Ekdahl, 2013). The inventory holding 

costs are the cost of handling the inventory and storage together with the cost of 

insurance and management (Christopher, 2011). 

 

The quantity to order as well as the frequency decisions for how often to purchase 

products are central decision points for a purchasing entity. Possible discounts related to 

the quantity of purchased goods are also worth taking into consideration (Cetinkaya & 

Lee, 2000). The objective for a business is to optimize the ordered quantity together 

with the sales price to maximize the business profit (Sana, 2011). To handle inventory 

levels, frequent ordering is necessary. When buying larger quantities of products 

discounts and total cost may decrease (De Boer, Labro & Morlacchi, 2001). 

 

When it comes to managing supply chain inventory, it’s possible to divide the strategy 

to either being Vendor Managed Inventory, (VMI) or Retail Managed Inventory, 

(RMI).The traditional way of holding inventory (RMI) is based on that the retailers have 

better information regarding customer demand. For RMI, the inventory is at the retailer. 

Implementing (VMI) may lead to lower inventory cost, better market response and 

better flexibility considering distribution and planning (Lu et al, 2015). 
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Historically logistic arrangement states that when the order from the supplier has been 

delivered, the ownership of the product is transmitted to the customer. Using a 

traditional inventory solution it’s not until the customer recevie the products they can 

start to figure out the reordering point and manage the inventory (Gumus, Jewkes & 

Bookbinder, 2008).  

2.3.2 CONSIGNMENT INVENTORY 

When it comes to reducing the cost of holding inventory today, using a consignment 

inventory solution is popular. This is done by an arrangement between the product 

supplier and the purchaser of the good. The supplier has the ownership until the good 

are delivered. For holding the inventory the product supplier is usually paid by the 

business buying the product (Ru & Wang, 2010). By managing the inventory in this 

way it’s possible to lower inventory costs since the inventory can be reduced. The 

purchaser still has to pay for the inventory but the management cost will be reduced. 

The main profit with this method is being able to offer shorter lead times and to reduce 

the inventory costs. At the same time this collaboration can strengthen the contact 

between supplier and purchaser (Gumus, Jewkes & Bookbinder, 2008). 

 

There are also problems with the consignment inventory and a conflict between the two 

parties can occur. The purchaser works for a high minimum level to be able to meet the 

customers’ demand with the best possible service level, while the supplier wants to have 

the smallest possible inventory, due to the target of savings (Valentini & Zavanella, 

2003). 

2.3.3 PURCHASING TIMING AND SAFETY STOCK 

A matter for any purchasing business is to determine when to order more products, to 

state the reorder point. If the ordering cost is high it reduces the will from the 

purchasing business to buy small quantities. If there is a minimum order quantity this 

also impacts the business possibilities (Liao, 2007). 

 

The purpose of having safety stock inventory is to assure the delivery of products to 

customers within a reasonable service level time. The safety stock level should be 

decided considering the business desired service level and the volatility and average 

demand and supply. Whereas the demand and lead times vary, the amount of safety 

stock is generally bigger. Safety stock has been proven to work better for suppliers 

where the demand for the products are stable. Using safety stock may imply higher 

inventory cost (Ruiz-Torres & Mahmoodi, 2010). 

2.4 INTEGER AND LINEAR PROGRAMMING 

Some problems can only be described and model by integer variables. An example of 

such a problem is when deciding the amount of people who needs to be employed or 
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how many products need to be purchased. In these cases the use of binary and logic 

variables are common. Examples for integer variables are: 

 

                 

          

 

When it comes to define what an integer problem is, a suggestion is the example below: 

          

 

   

 

Subject to: 

          

 

   

             

                                    

                                                      

(Fourer, Gay & Kernighan, 2003) 

 

If a problem solely consists of integer variables it’s an IP but there can be situation 

where the problem not only consists of integer variables then it’s called a mixed IP. If 

the case is that the problem only consists of binary variables it’s a binary problem. 

When using integer variables it’s often a linear relation because of the fact that solving a 

non-linear IP is hard and there are a small number of solutions techniques, integer 

problems is also hard to solve. The reason why solving a nonlinear IPs is difficult are 

since both nonlinear and IPs are hard to solve separately. Many IPs have an underlying 

network setup which makes it a perfect fit for example minimum cost flow problems. 

Minimum cost problems is when the aim is to find the lowest possible cost or shortest 

possible way (Lundgren, Rönnqvist & Värbrand, 2008). Algorithms that fit IPs is 

branch & bound and cutting plane (Wolsey, 1998). A typical linear problem formulation 

can be seen below: 

 

          

 

   

 

Subject to: 

          

 

   

             

                                    

                        

 

A linear program is either defined as a maximum or minimum problem and it is non-

negative. There are two main reasons to use integer programming. The first one is when 
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rounding an answer is unreasonable, for example, as mentioned before, when deciding 

the number of products to order is not possible to order half a product and it can be 

difficult to decide how to round the answer. The second reason is the favorable situation 

to use logic variable, 0/1, which gives extended modeling possibilities. For example 

when there is a yes- or no – problem which occurs in knapsack- problems, problems 

with fixed costs as network design or logical conditions as the traveling salesman 

problem (Lundgren, Rönnqvist & Värbrand, 2008). 
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3. METHOD   

3.1 RESEARCH THEORY AND METHOD  

When gathering information to solve an assignment it’s possible to choose between 

qualitative or quantitative data collection method. These methods are favorable in 

different cases. Quantitative methods are better when a lot of data can be specified 

while qualitative methods like interviews, literature and observations can be used when 

deep understanding is needed (Lakshman et al., 2000). The method best suited for this 

thesis is the qualitative method since interviews were requested and there are no 

quantitative data to analyze. 

3.2 GOALS AND OBJECTIVE OF THE IMPLEMENTATION  

To start the data gathering, we searched for literature about TLC, to get a better 

understanding about the subject for the master thesis. When a sufficient amount of 

articles about TLC was collected the next phase was to study them thoroughly. While 

reading the material we picked up which cost drivers others had chosen to include in 

other TLC models. After the collection of different cost drivers, the next step was to 

investigate each of the cost drivers. When analyzing the different parameters together 

with the input from the business area supervisor a decision followed, stating which cost 

drivers to include in the TLC-model. 

 

When a decision about which cost drivers should be included in the model was 

authorized, the authors started to investigate which interview to get an even better 

understanding about the costs. The interviews in some cases helped to get in touch with 

other possible interviewees who could contribute with additional information about the 

cost driver. The main goal with the interviews was to understand how the different cost 

in the final TLC-model should be formed. From the interviews, information regarding 

the management and handling of different decision points was also provided. From 

these a number of suggestions could be prepared on how to improve different processes.  

3.3 DATA GATHERING 

To collect relevant and reliable data is of big importance for a research thesis. One 

effective way of getting the right data and understanding the data is to use personal 

interviews. The main advantages with interviews is that the output is very detailed and 

complete about the thesis area, the possibility of asking complementary questions also 

helps to strengthen the quality of the interview result (Gray, 2004 ; Heaton, 2004).     

 

The major part of the data was collected from interviews due to the need of expertise 

knowledge. A positive aspect with getting an experts opinion about the data is that it 

becomes easier to analyze. 
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Some of the data were collected from the business areas financial department, while 

other data were collected from political & economic organizations. 

3.4 SYSTEM DESIGN 

 

3.4.1 TLC MODEL 

By prioritizing the information and the data from the interviews the mathematical model 

was initiated. By collecting knowledge about the business area’s way of doing business, 

the work proceeded to evaluating the linkage of different costs and underlying factors. 

The design of the TLC model was based from putting together the different costs related 

to purchasing from supplier and movement of product.  

3.4.2 IMPLEMENTATION OF MATHEMATICAL MODEL FOR TOOL 

CREATION 

From the mathematical model, visual basic was used to implement the model into a 

working tool. The data received from the interviewees was collected and integrated. 

During the tool creation a significant amount of time was used to test the tool 

guaranteeing the quality of the resulting values. The usage of the final version of the 

tool was also done through Microsoft excel.  

3.4.3 TOOL CREATION 

By going through material and learning how to program in visual basic, the tool could 

be created. After learning how to handle the program, the tool was created in a single 

Microsoft excel file to make it easily accessible and possible to use for the buyers at the 

business area, where excel is widely used today. Therefore an easy understandable user 

interface was designed, see APPENDIX 2. 

3.5 METHOD FOR ORDER QUANTITY 

This topic has been investigated with interviews as well as by going through material 

for how the business area handles questions regarding safety stock, order quantity, 

inventory cost and other related areas. In addition, the collected data was analyzed. All 

this was done to get a wider understanding regarding how to handle these factors in 

context of managing varying demand. 

 

By first finding ways to understand the present, the authors aimed to answer the order 

quantity question of the thesis. This was done by thorough investigation in to a special 

case, to find possible improvements considering handling order quantity and inventory 

issues in line with what was asked for. 
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3.6 METHOD ABOUT AMPL 

AMPL is an algebraic modelling language used for formulating and solving 

mathematical programming problems. AMPL supports many different solvers and are 

helpful to use when working with optimization problems (Fourer, Gay & Kernighan, 

2002). 

 

The initial step was to decide the input data and the variables that should be included in 

the model. When that was finished it were time to construct the constraints, four 

constraints where formulated, for demand, pollution, time and which transportation type 

used. The final step in the modelling was to describe the different input data, variables 

and constraints as well as the goal for the objective function. 

 

To complete the AMPL stage in the thesis it was then time to create a data file and to 

formulate the programme in AMPL. To control that the program was working testing 

was done to see if the result was satisfying and could help the business area. When the 

testing was finished a result was presented. 

 

3.7 ANALYSIS OF METHOD 

The content of the method was: 

● Article and literature studies. 

● Interviews. 

 

The method started with an introduction about what the problem at the business area 

was and what was expected from the master thesis. The article and literature studies 

were made to get a better understanding about the different costs that the model should 

contain. A better understanding is assumed to help decide which cost drivers that should 

be included and excluded in the final model. It’s not always simple to find the most 

reliable sources of information. To insure that the used literature was reliable was 

checked both by the authors and origin. 

 

The interviews were performed to get a better understanding of what the employees 

knew about fundamentals for all types of costs that in the following enabled the creation 

of the TLC model. Some of the interviews lead to new approaches of studying the costs 

and occasionally to new interviews. In total 14 interviews were performed, focusing on 

different topics in the context of the investigated problem.  

 

The main reason to use interviews as a data gathering method was to get the expertise 

and specific data that was needed to proceed in the project. The only two drawbacks 

from using interviews is that it’s hard to find the right person directly and to find the 

right person can be very time consuming. But overall the interviews have fulfilled its 
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purpose and it’s not likely that any other investigating method would have been better to 

use.   

 

The combination of literature studies and interviews has been a really good approach to 

understand the problem. To first get a theoretical understanding and then ask 

complementary questions regarding how it works in real life situations gave a good 

picture of the situation at the business area. It also gave an insight how different cost 

drivers can vary in various situations. 

 

When looking at both the TLC-model and the integer problem solved through AMPL, it 

can be said that if the TLC-model had even more parameters than the presented in this 

thesis it would have had higher complexity. Both when it comes to find the right data 

and to estimate the right TLC result. The same applies for the IP, if the problem would 

have contained more products and more transportation types the amount of data would 

have increased and by that the complexity as well. 

 

We have been investigating other factors beyond the costs that we have been using for 

estimating the TLCs in the final version. Limiting the number of cost drivers to just 

contain those with significant impact, hopefully strengthened the model. The costs 

which have been excluded do affect the TLCs, but not in the extent that it’s been seen as 

necessary to be integrated.  

3.8 ANALYSIS OF SOURCES 

The authors understand that the results from the interviews can be biased. For 

minimizing the risk of using biased information, the results from the interviews were 

evaluated and validated before usage. 

 

When using scientific articles as a source for information, these articles didn’t need to 

be examined very thoroughly due to the fact that the articles were written by 

professional researchers and the articles where peer-reviewed. For the other sources 

used, these were more thoroughly investigated before being used. 
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4. ANALYSIS  

4.1 ANALYSIS OF COSTS 

4.1.1 HANDLING TRANSPORTATION COST  

Free Carrier (FCA) is the Incoterm mainly used by the business area. The reason to this 

is due to the pros of control and planning of this Incoterm. By using FCA, the business 

area has better control of when to pick up the product for transportation. The cost 

control is also considered to be easier, implying that the supply chain unit can focus on 

minimizing other costs. From all the suppliers and with all the widely used types of 

transportation, it’s possible to use FCA as Incoterm. When investigating transportation 

costs, this study has solely been comparing different FCA solutions. 

 

For every product the business area is providing, one of the DCs is working as the main 

DCs. This DC is providing the other DCs with products based on customer demand, see 

Figure 4. The main DC is placed close to the products main market, to be able to meet 

customer demand as fast as possible. 

 

An obstacle when it comes to calculate the transportation costs from a supplier in the 

US to the DC located in the US, is that the costs are handled by an division that only 

sends a lump sum to the financial division. This makes it complicated to calculate the 

specific transportation costs from each supplier.  

 

 

Figure 4. The Main DC is supplying the other DCs. 
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The total number of DCs that the business area uses is four, one in Europe, one in the 

US, one in China for the Chinese market and one in Singapore, see Figure 4. The 

production sites are located all around the world, see Picture 1. If products from the 

production site aren’t ready, the demand from customers can be handled through 

internal transports between DCs or from a DC in one region to a customer in another.  

 

 

Picture 1. Map showing production sites (in green) and the four DCs (in red). 

 

 

Figure 5. Connection between how the DC, the Production site and the Sales entity 

looks like. 

The national sales agent places an order to supply the DC. The production site produces 

the order item and delivers it to the DC, see Figure 5. The type of transportation differs 

significantly in price and delivery time to DC. Today the business area is mainly using 
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air freight and truck transport as their transportation types. Within the business area 

discussions about adopting boat transportation has started. By using boat transportation 

the total prices of transportation would be lowered but the lead time would increase. 

Therefore shipments with airfreight are central. The price is higher but the time is lower.  

4.1.2 HANDLING CUSTOM COST 

When analyzing how the business areas are handling custom cost, the accesses to these 

facts are restricted to a few with expertise knowledge. Every product at the business 

area is classified with a unique code. By using these codes all the associated custom 

data needed can be found. These costs are taken into consideration at the business area.  

 

The analysis done regarding custom cost shows that there are quite big differences 

between different countries. Some examples clarify that the cost of customs can have a 

significant impact on the TLC. Since the categorization of customs for different 

products is complex, and there were no existing databases having this information at the 

business area, the cost of customs is needed to be added to the tool manually. Different 

specialized groups were working on finding a solution but without any luck during the 

time of this project.  

 

Regarding tariff costs arising when purchasing products from a supplier, it’s clear that 

there exist different kinds of tariffs. Some special examples have been presented, but 

just as when investigating customs, no complete tool or document exists. The designs of 

tariffs tend to be complex, tariff costs were therefore excluded from the tool. However 

different tariffs may impact the TLC and should be in the mindset of buying entities.  

4.1.3 HANDLING INFLATION 

When renegotiating contracts with suppliers the inflation rate is put up as arguments for 

changing the price. It’s therefore important to understand how inflation is affecting 

businesses and prices. Since this study is investigating different monetary markets the 

inflation will differ between markets and therefore should be handled. The inflation is 

estimated from a ten year mean-level (2006-2016) for all investigated markets. The 

inflation rates will likely change from today’s value, therefore the mean value is used to 

get understanding about the current condition and how to relate to those. An estimation 

of how the inflation rates will look like in the future (2020) is added, to give a 

benchmark of how it might be in the future. The current inflation rate as well as the 

mean value and the future inflation estimation should be frequently updated. This is to 

enable a continuous use of inflation numbers and retain a truthful picture of inflation. 
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4.1.4 HANDLING COST OF CAPITAL 

The Weighted Average Cost of Capital (WACC) rate is set by the business group to 

10% at the time for this thesis work. However, it was mentioned more than once that 

this percentage is interchangeable and depending on different market factors.  

 

At the business unit it’s of importance to lower the net working capital. Therefore 

payments of any kind are not made before the payment day. The cost of capital is not 

seen as a cost considering the TLC, but it should however still be optimized. However, 

the business area is focusing on actions to strengthen the EBIT (Earnings Before 

Interest and Taxes) margin before considering actions to strengthen the balance sheet. 

 

Connected to the cost of capital, the importance of how to use the net working capital is 

a central key figure at the business unit. Throughout the interviews this has in general 

been mentioned.  

 

Some suppliers offer rebate on the purchase price if the payment is done faster. 

Handling and comparing these costs to paying with the first agreed terms is off 

importance and should be done. This should be done by choosing the alternative 

providing the best value for the business area, even if the TLC is not affected.  

4.1.5 HANDLING CURRENCY COST 

The business area are not hedging against currency risk for order procurements under 

5,0 MSEK. The deliveries should also be of longer lead time than 3 months. Since the 

business area orders products with smaller value but with a higher frequency, hedging is 

not used within the purchasing area. Especially not when it comes to purchasing from 

supplier with destination DC. Hedging is used in the business area but not in the 

investigated context of this thesis.  

 

A method used for hedging internally is Black & Scholes, which is a model to calculate 

option prices. Looking at how to estimate the currency risk as potential cost for the 

purchasing unit in terms of product to DC had not been stated before. While discussing 

the topic with numerous of employees with experience in these questions, the 

conclusion was to use a mean value of currency rates. This was done to estimate the 

cost with a probable better precision but at the same time declaring with an educational 

purpose how much the volatility of currencies can affect the TLCs for the business area.  

 

The business area hasn’t got any policy regarding whether to purchase goods in the 

supplier's currency or the currency of the business area’s origin. However the used 

currency will affect the business areas result. Using the business area’s own currency 

will not imply any currency risk; it will though imply risk for the supplying company 
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who might want to be compensated for taking the risk. Note that the business area 

reports in Swedish kronor.  

 

Since the potential gains and losses, when it comes to currencies, depend on the 

exchange rates between the two currencies the cross buy rate is used by the business 

area. The mean cross buy rate for a five year period can be seen in APPENDIX 1. This 

rate shows how one currency is valued in relation to the other. The USD, EURO and the 

SEK are the three currencies that proved to be most used at the business area and 

therefore these are used as the basis in this study. However, also the Brazilian Real, 

Swiss Franc, Chinese Renminbi, Indonesian rupiah, Indian Rupee, Japanese Yen, 

Malaysian Ringgit and the New Taiwan Dollar have been used and therefore they are 

also included in the tool. The cross buy rate is included in the tool and should be 

compared to the 5 year mean value of the cross buy rate, by doing so the buyer can 

evaluate the currency risk. 

 

The currency risk increases while considering a longer payment period. This is due to a 

increased risk of wider volatility. A longer payment period for the business area implies 

that the business area can use the capital in value creating activities with a positive 

result on the business areas bottom line.  

4.1.6 HANDLING PACKAGING COST 

Since the business area have the agreements with the packaging supplier, all purchases 

of packaging goes through the business area. However, there are two possible ways for 

the product supplier to receive the packages. The product supplier could order the 

packages from the business area’s contact directly or put the responsibility of getting the 

packages on the business area itself. The second way implies that the business area 

orders it from the packaging supplier and transporting it through its distribution chain. 

Doing this the business area takes out a handling fee. This fee corresponds to 5% of the 

total value of the packages in every DC the shipment is passing through. 

 

The costs of transporting packages from packaging supplier to product supplier is not 

easily specified, and no general values could be estimated. The complexity lies in the 

wide number of articles, and the complexity of transportation costs both being in weight 

and in volume. Packaging costs affect the TLC, but is excluded from the tool, it should 

however be considered when evaluating the TLC.  

4.1.7 HANDLING INVENTORY COST 

By keeping the purchased products as inventory, the total net working capital is 

affected. The business area tries to reduce unnecessary inventory, instead they are 

focusing on value creating activities. The business area handles inventory by estimating 

demand, and works with lowering the lead times to lower the negative aspects of 
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holding inventory. The business area guarantees to deliver warehoused products to 

customers in 24 hours from the ordering. To be able to achieve this, the four DC:s are 

used.  This is one of the reasons that the business area needs to keep inventory to able to 

fulfill this guarantee. 

 

Since the business area wants to assume that the costs for inventory only shall be 

estimated to equal the WACC, this study has been considering the TLC - tool, while the 

order quantity problem also needs to consider inventory holding cost and obsolescence, 

which implies a rate of 22%. This is since the first question (See (1), p.13) is excluding 

inventory costs while it’s included in the second one (See (2), p.13). 

4.1.8 HANDLING INSURANCE COSTS 

Regarding insurance cost, the business area is following the terms the business group 

has set. The business area in itself is not handling the insurance issues. Regarding 

insurance of shipments, they are insured if the value is above 10 000 SEK and this is 

done through the business group. The cost of insurance is depending on the risk level of 

the transportation route.  

 

When it comes to insurance for the business area the only real cost is from insured 

goods being transported. There are also insurance cost in other parts of the supply chain, 

however those insurance cost are considered not to be of importance for this thesis. 

Regarding the order quantity case, insurance costs are included in the 22% rate of 

interest.  

 

When it comes to insuring transported goods, this is only done when the total value of 

the purchased goods are worth 10 000 SEK or more. No insurance is used from third 

parties for example freight forwarders. If the value exceeds 10 000 SEK, insurance is 

bought internally from within the business group. The cost for the transportation 

insurance is highly depending on which region the goods is transported to. The cost for 

insuring the goods is a small percentage of the total value. The costs are connected to 

the risk factor of the region. Africa has the highest percentage while Europe has the 

lowest. This implies that the insurance costs are highly depending on the region where 

the goods are transported.  

 

Since the percentage is between 0,02% and 0,3% the insurance costs are not seen as a 

central cost driver. The costs of transportation insurance will not be decisive in any 

business decision and therefore the cost of insurance will be excluded from the TLC 

model.  
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4.1.9 HANDLING TAXES 

For the investigated study, only Value Added Tax (VAT) is investigated. Looking in a 

wider perspective also other taxes considering production and labor taxes affect. 

However, these taxes are first and foremost affecting the purchase price of the suppliers, 

being outside the field of the studied area.  

 

The VAT affects the investigated study, but in the business area’s perspective, the VAT 

is deductible and is not to be seen as a cost driver. VAT is interesting in a cash flow 

perspective and affects the net working capital. However, the tax does not affect the cost 

directly and is therefore excluded from the TLC model. Taxes are therefore excluded 

from the TLC model and tool. 

4.1.10 HANDLING AGENT AND CONSULTING COSTS 

When a decision is made to start sourcing from a new market, where the business area 

hasn’t been present before, agents are sometimes used. However, even if the agent is 

used to come up with the right contacts in the supplier selection phase, there are always 

representatives from the business area present. The business area’s representatives 

finally decide which supplier should be used. 

 

When it comes to specific areas like taxes, tariffs and customs for example, a third party 

with specialized knowledge is usually hired to help the business area/business group 

deal with connected issues. Since it’s not possible to hire all the know-how, the 

acquiring of knowledge from third parties are said to be of great importance. 

4.2 ANALYSIS OF CASE STUDIES 

 

4.2.1 ANALYSIS OF CASE STUDY TLC 

The reason to choose these specific products is that when the business area terminated 

the production in Sweden to move it abroad to China they received a much higher price 

for the products then they thought they would. So to investigate this case the tool shows 

how a lower priced product in the end can have a larger TLC. 

 

This is also what the main task for the tool will be, to investigate the difference between 

suppliers and how different factors can affect the TLC. The business area aims to keep 

suppliers for at least 4-5 years. Since changing supplier too often is inefficient.  

4.2.2 ANALYSIS OF CASE STUDY TRANSPORTATION 

This case study is performed to see how the transportation would change if the business 

area would fulfill their goal of reducing the CO2 pollution emission by 20 % until 2020. 

Today all the transportation is done with airfreight. The lead time will increase changing 
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from airfreight transportation and this can influence the service level. Increased lead 

times also ties up more capital for an extended time, but if the transportation would be 

done by boat cargo the negative effect on the environment would decrease and also the 

cost of transportation would be lower, according to data provided close to 90 % lower in 

some cases. 

 

For transportation of products to a DC there are limitations considering transportation 

type to use. Within a region the usage of boat cargo is exempt. For transportation 

between a product site and a DC in the same region the possible options of 

transportation is to airfreight, road cargo and with train. For transportations from a 

production site to a DC in another region the transportation options are limited to 

airfreight and boat cargo. Possible combinations of transportation types are not assumed 

to be used. The transportation case that is presented here contains a supplier from China 

and a DC in Europe.  

 

Other factors are also affecting the transportation. However, this case has been focusing 

on the factors stated here, since they are seen to be of central value for the business 

area’s described situation regarding the transportation matter. The procurement division 

has a strong collaboration with the sustainability department and therefore the pollution 

topic is of importance.   

4.3 ANALYSIS OF CASE STUDY ORDER QUANTITY 

When ordering products from suppliers the purchasers at the business area need to 

consider several aspects. Special agreements regarding possible quantities to buy, fixed 

costs for ordering and lead time agreements decide the terms for how the purchasing 

unit shall execute its procurements. This contract between the business area and the 

supplier is usually renegotiated yearly, but there is no real policy for it. 

 

For all investigated suppliers and products the unit price is lower for higher number of 

quantities. The unit price for a product is set by the supplier in fixed intervals of 

quantity.  

 

All the consignment inventory solutions that the business area uses today has not any 

direct fees for the inventory. The suppliers agree on having a stated quantity of product 

ready for delivery to the business area’s DC. In return the business area agrees on 

buying an agreed quantity of products usually bigger than the agreed minimum quantity 

that the supplier should hold even if the market demand vanishes or the business area 

decides to stop selling the product the item is used for. The supplier will bye the 

agreement avoid risk. Despite avoiding risk, holding consignment inventory helps the 

supplier optimize its production. There is no existing policy regarding when or how to 

use consignment inventory at the business area.  
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To calculate the demand for special items to purchase, the business area uses the data 

from the last three months to estimate the future demand. It has been shown that the 

previous three months not always correspond to the real demand. Notable demand 

fluctuations during the year can imply forecasting errors. The business area haven’t 

extended the number of months used for estimating forecast since it’s more time 

consuming and no better results are guaranteed. 

 

4.3.1 ORDERING POINT 

The business area uses a lot size - reorder point system, where orders of fixed quantities 

are placed when the stock level falls beneath a certain amount. This implies a constant 

management of the stock level being needed.  

 

The order point can be calculated by using the whole forecast and then dividing it by 4 

times the lead time for the product plus the safety stock level. By doing so it’s visible 

when new products should be ordered.    

 

4.3.2 SAFETY STOCK 

 

For calculating the safety stock level, there is a general formula used at the business 

area. The factors and the formula can be seen below: 

 

                                                                                  
                                                                           
 

                                                       

                     
             

          
   

                  

  
   

                                                                            . 
 

                                                                                

                                                                                      

                                 . 

 

The business area uses safety stock to being able to meet higher demand. The safety 

stock level is not really taking delivery precision from the supplier as a factor. 

Hypothetically this implies that the safety stock level is too high at suppliers with high 

delivery precision. 
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In the result for the second task of the thesis we have calculated the safety stock in 

another way because we didn’t have all the data for the calculation above. The 

calculation used to approximate the safety stock looks as the following: 

 

                 
             

             
   

 

4.3.3 ECONOMIC ORDERING QUANTITY 

To handle order quantity the business area today uses a Wilson formula. The Wilson 

formula considers the yearly forecast, the specific ordering cost, the interest rate, 

production cost and a value that adjusts the formula for changing the quantity. The 

adjusted value is favorable to use if the procurement unit knows that the supplier has 

problems with capacity. It can be of interest to increase the order quantity and the value 

can also be used if the supplier has extra capacity. By using the formula the buyer gets 

the information regarding ordering point and which quantity to order. When deciding 

the order quantity there may be some products that are in the end of their product cycle 

and that will decrease the order quantity amount for these items.  

4.4 FURTHER ANALYSIS 

 

4.4.1 FURTHER DEVELOPMENT OF THE TOOL ANALYSIS 

There is some further development that can be done in the TLC - tool. As a first step the 

custom rates can be included automatically so that the user doesn’t have to check them 

every time they want to do a comparison. This is not included because the IT-

department wasn’t able to find all the necessary data. We have also excluded the 

package cost due to high complexity of gathering the right data. When the right data is 

collected it is possible to include this cost in the tool. 

 

There are of course even more steps of developments for example it could be a 

possibility to add more suppliers or to add transportation types so that it is possible to 

get a more environmentally aware  TLC - tool. The model can in simple words be 

constructed and modified in the way that suits the user the best.   

 

4.4.2 ANALYSIS OF THE INTEGER PROGRAM 

When constructing an IP it’s possible that it will be difficult to solve due to high time 

consumption. If instead the program was a linear program it would have been less time 

consuming to solve the problem. But in this thesis this wasn’t the case because of the 

size of the IP, but if the program would have grown with for example more products 

and transportation types the complexity would also increase and with that the possibility 
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to solve the problem within reasonable time. With that perspective it’s favorable to try 

to model a linear program instead of an integer, but in some cases it’s just not possible.  

4.5 HANDLING RISKS 

Dunn & Bradstreet country risk is used at the business area to evaluate the risks of 

different markets. Since the country risk visualizes potential risks also for the 

purchasing divisions operations, it’s been added to the tool to remind the user of this 

comparative factor between different supplier solutions.  
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5. RESULTS 

5.1 TLC MODEL 

 

5.1.1 TLC MODEL FORMULATION 

Input data: 

 

                                                  

                            

                  

                           

                                      

                     

                          

   
                                            

   
                                            

 

Costs: 

 

                                  (1) 

 

                                 (2) 

 

                             (3) 

 

                            (4) 

 

                                     (5) 

 

                            
                                                                                                 

                                                    (6) 

  

                          (7) 

 

Final model: 

 

                        (8) 
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Net working capital: 

  

                          
 

   
                                  (9) 

 

                                            
 

   
         (10) 

 

The business area uses the alternative of IS or ISR that gives most value. IS is the 

interest savings that occur for paying at the last possibility payment day. ISR implies the 

interest saving for making an early payment and taking a rebate on the PC instead of 

choosing the IS.   

 

Explanation: 

 

The first summation (1) is the purchase price for the product. Next (2) is the possible 

volatility for the used currency when purchasing the product. Then the cost for both 

import (3) and export (4), is calculated by multiplying the purchasing price with the 

import- respective export rates and sum these up to get the total custom cost (5). The 

next cost is the transportation cost (6), it is given in EUR/ kg. The cost of tariffs (7) can 

either be a percentage of the price or a fixed amount. To get the TLC it’s just to sum the 

costs (8). 

 

There may be some savings to the TLC, in this case it is possible to have interest saving. 

There are two possibilities for interest savings either it is possible to achieve them by 

payment days (9). The other way is the possibility to get rebate (10) from the supplier 

due to requirements of decreased payment days. 

 

5.1.2 TLC MODEL RESULTS 

Background 

To try the TLC tool a case was constructed to investigate the difference between 

locating the production in Sweden compared with China. When moving the production 

to a low cost country the initial thought is that the cost should be lower but this case will 

show how this can look and how different costs can affect the TLC. 

 

Result: 

 

Input Data Supplier 1 Supplier 2 

Supplier country China Sweden 

Destination European DC European DC 

Purchase price 6.5 USD 82.2 SEK 
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Currency used USD SEK 

Weight of product 0,284 0,284 

Payment days 45 0 

Lead time  25 Days 20 Days 

Table 1. Input data for TLC case. 

 

Output data  Supplier 1 Supplier 2 

Cost of Transportation 24.7 SEK 1 SEK 

Import customs % 3,7 % 0 % 

Export customs % 10 % 0 % 

Customs cost  7,30 SEK 0 SEK 

Total Landed Cost 85 SEK 83,2 SEK 

Table 2. Output data for TLC case. 

 

 

Figure 6. Cost allocation for supplier 1. 

 

 

Figure 7. Cost allocation for supplier 2. 

In this first case it is possible to see that by moving the production to China does not 

have the desired effect, to lower the cost. The increased TLC is due to the higher cost of 

transportation and customs for the product. Otherwise the costs of the product is more 
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favorable in China. The difference between the suppliers can be seen in Table 1 and 

Table 2 as well as in Figure 6 and Figure 7. In this case there was no possibility to get 

any rebate for faster payment.  

 

 

5.2 TRANSPORTATION CASE 

5.2.1 TRANSPORTATION CASE MATHEMATICAL MODEL 

 

Problem background 

One of the key cost drivers affecting the TLC is how to execute transportation. The 

business area wants to buy products from a supplier and transport the products to its 

DC. The business area wants to minimize the cost of doing so while considering a 

maximum pollution level for its summarized transports. This case it’s about lowering 

the emission with 20% from the level of 2015 the business area can at most pollute a 

certain amount of    units from the transportations the business area is using. The level 

of needed quantity is stated. There is also a maximum time for transporting the products 

to the DC. The time limit is measured in days. 

 

Since the transportation alternatives differ between transportations within a region and 

between regions the problem should be modeled differently depending on where the 

supplier and DC are located.   

 

Variables: 

We have the following variables: 

 

                                      

                                                                              ,    

         
  

 

 

                                 

     
                                                              
                                                                                                                

   

 

            
  

 

Input data: 

The following input data is used: 

 



45 

 

 

 

                                    

                                         

 

 

Weights of products: 

 

                            
   

                               

 

 

Prices of transportation: 

 

                            
   

                                       . 

 

Prices of transporting products: 

 

                                                 
   

                                                                     *. 

 

Pollution factors for the different transportation types: 

 

                             
    

                                           

 

Time factors: 

 

                           , 

                                                   

 

Demand factors:  

                           

                                                 

 

Pollution limits:  

 

                                       
   

 

Transportation time limits: 
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Definition of epsilon: 

   
 

                
      

 

 

 

 

 

Integer program  

In the following we model this as an IP: 

 

Objective function: 

 

       
      

                     (1) 

  s.t 

 

    
                                             (2) 

 

    
      

                                       (3) 

 

                                                                (4) 

 

                                                     (5) 

 

 

                                                                                    

                                                    
                                    

 

 

 

                                              for           and            

 

 

Explanation of the integer program 

The objective function (1) seeks to minimize the cost for transporting all products from 

the supplier to the DC with the used transportation type for each product.  

 

For the case study there are four different constraints deciding possible solutions for the 

minimization problem.  
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The first constraint (2) sets the quantity of each product that should be purchased and 

delivered to the DC. For product   from          the sum over all transportation 

types   used is equal to the demand, where the demand    is taken from historical data. 

 

The second constraint (3) limits the     pollution emission for transporting all the 

products   for          from the supplier to the business DC. Note that each 

transportation type   has a different pollution factor    affecting total emission. 

Multiplying the units being transported with its weight    and the pollution factor    of 

the transportation type and then summing them up, results in the amount of total 

emission that needs to be lower than the pollution limit  .  

 

The next constraint (4) considers the transportation time.  For each product   for 

         and for each transportation type j for         the time factor    should 

be smaller or equal than the time limit    . To meet the service level for a product, all 

products need to be delivered in time. For this purpose we introduced a binary variable 

   . 

 

The purpose of the constraint (5) is to formulate a correlation between     and     for 

each product   for          and for each transportation type j for        . We 

have two possible correlations if       then     can be either 0 or 1, and if        

then     needs to be 1. This can be done by introducing a sufficiently small positive 

parameter     
 

                
 . Multiplying     with this     results in        .  

5.2.2 TRANSPORTATION CASE RESULTS 

The result for transporting products in the used transportation case is presented, together 

with the present transportation solution. For this specific case we used one supplier with 

25 different products and two possible transportation types: 

    

     

        

The weight, price, time limit and demand where specific for each of the 25 products.  

 

 

Transportation Current situation Result from IP model 

Shipments 

with boat 

- 12 

Shipments 

with air freight 

25 13 

Lead time - +11 days for 12 products 
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changes 

Emissions     111 651 71 630 

Cost of 

transportations 

(USD) 

12 919,55 6 940,29 

Effect on Net 

Working 

Capital (USD) 

- 27,90 - 73,62 

Table 3. Result from transportation case. 

Positive effects of the transportation proposal: 

- Pollution emissions lowered by  35 % 

- Cost savings: 5979,26 USD (46 % reduction of price). 

 

Negative effects of the transportation proposal 

- Longer lead times for 12 products with 11 days. 

- The total lead time increases from 75 days to 171 days, an increase with 128 %.  

- Negative NWC effect: 45,72 USD 

 

5.3 ORDER QUANTITY CASE 

The order quantity case was conducted on one supplier with a total of 30 products. The 

products were selected by the business area. We investigate three different parts within 

this case, quantity and price relation, safety stock reduction and forecast compared with 

demand.  

5.3.1 ORDER QUANTITY RESULTS 

 

Quantity and price relation for investigated products of the Order quantity case can be 

seen in table 4. 

Quantity 

of 

products 

1 5 10 20 50 100 200 300 500 

Total 

price 

(Euro) 

product 

(1-28) 

545,83 

 

409,68 

 

387,28 

 

376,08 

 

364,88 

 

351,49 

 

344,85 

 

342,59 

 

340,82 

 

Average 

price 

(Euro) 

19,49 

 

14,63 

 

13,83 

 

13,43 

 

13,03 

 

12,55 

 

12,32 

 

12,24 

 

12,17 
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Safety stock reduction result  

When using a consignment inventory a possibility to reduce the safety stock and thereby 

reduce the cost of capital for the business area. An example of that can be found below 

in Table 5. 

                                        

 Today Reduced Savings 

Lead time 7 weeks 5 weeks 2 weeks 

Demand 13 408 13 408 0 

Safety stock 1805 1289 516 

Cost of capital 4296,8 3068,5 1228,3 

Table 5. Safety stock result. 

Result for forecasting demand compared with actual demand for 13 periods. 

In order to see how often the forecasted demand meets the actual demand this case with 

30 products was conducted and examined. The result can be seen below in Table 6. 

 

Products Forecasted 

demand 

Actual demand Underestimating 

demand (Periods 

Overestimating 

demand (Periods) 

Product 1 2871 2689 4 9 

Product 2 652 943 9 4 

Product 3 2609 3188 8 5 

Product 4 6740 6624 5 8 

Product 5 5039 5551 5 8 

Product 6 6706 7235 8 5 

Product 7 7649 7963 6 7 

Product 8 7201 6958 5 8 

Product 9 12670 12281 6 7 

Product 10 12251 12733 6 7 

Product 11 16125 16404 7 6 

Product 12 8168 8630 10 3 

Product 13 14242 14002 6 7 

Product 14 18658 19597 10 3 

Product 15 6654 7209 7 6 

Product 16 9336 9324 6 7 

Product 17 13285 13408 3 10 

Product 18 7255 8004 8 5 

Product 19 23530 23324 8 5 

Quantity 

rebate 

(%) 

- 24,936 

 

29,040 

 

31,093 

 

33,145 

 

35,608 

 

36,788 

 

37,199 

 

37,558 

 

 Table 4. Quantity and price relation for investigated products of the Order quantity case 
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Product 20 13827 15212 9 4 

Product 21 9661 10599 9 4 

Product 22 8880 10024 9 4 

Product 23 6813 7278 8 5 

Product 24 8190 7860 6 7 

Product 25 17618 19443 8 5 

Product 26 8050 7738 6 7 

Product 27 4891 5330 8 5 

Product 28 4668 5066 6 7 

Product 29 5740 3994 4 9 

Product 30 12770 12896 6 7 

Table 6. Result of forecasting demand. 

 

Figure 8. Showing how the forecast related to the actual order intake from period 

May 2015 until May 2016. 
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Figure 9. The distribution of relations between the forecasted demand and the 

order intake for all products all periods, from period May 2015 until May 2016. 
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6. DISCUSSION & CONCLUSIONS 

6.1 DISCUSSION 

 

6.1.1 TLC 

When investigating the cost and cost drivers of the business area it’s clear that the 

relations and differences are a complex matter to handle. Some of the cost drivers that 

clearly affect the TLC of the business area are hard to estimate or for that reason to find 

their real impact. This is likely to the complexity of regulations and visibility issues, but 

also to complex classification patterns. 

 

Looking at the cost of transporting the items, the differences in costs differ precariously, 

both in terms of different transportation types but also considering different 

transportation routes. The transportation costs are also an example of a cost that appear 

in all the investigated cases and examples that this study have been based upon and 

affect the TLC, also in the presented case. 

 

Another cost that is included in the tool is the cost for customs. The custom rate varies a 

lot between countries. Sometimes there also exist free trade agreements between 

countries, an example is within the European Union and its member states. In some 

cases additional tariffs may be added to the TLC, these are often country specific. 

Looking at the case used for the TLC it's clear that these cost can have a significant 

impact on the TLC.  

 

Looking at the TLC model also other factors need to be taken under consideration. 

Inflation for the supplier country and currency risk also needs to be examined, due to 

the fact that these factors fluctuate over time and could lead to notable changes in TLC. 

  

Throughout this study it's also been clear that some costs don’t affect the business area’s 

TLC, or at least not to a sufficient extent, those have been ignored when creating the 

model and the tool. This is due to the fact that none of these costs are likely affecting 

any business decision regarding which suppliers to choose while comparing different 

alternatives. 

 

While comparing different product supplying alternatives it’s rather clear that the origin 

in terms of the geographic location and the countries legislation have effect on the TLC 

of a supplier. However, trade agreements also affect. From this it can be seen that a low 

purchase price not necessarily implies a low TLC while comparing supplying 

alternatives. 
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6.1.2 TLC CASE 
 
From this case a much higher cost was realized from the supplier in China than the 

business area expected. By investigating this case, the higher cost of transportation 

compared with the transportation from Sweden was the main reason for the higher TLC. 

As mentioned the custom cost is a difference this is due to that between Sweden and the 

destination of the goods there is no custom cost while there are sending goods from 

China. This case is also a bit special because the previous production was internal and 

with that payment days aren’t included. The case can be seen in the light of the market 

environment where companies move back production when cost reduction haven’t been 

achieved as planned. This shows that the business area is facing the same complexities 

as companies in general. 

6.1.3 TRANSPORTATION CASE 

As mentioned above the cost of transportation is a cost driver that the business area 

should consider. Its however clear that the solution of transportation is not just about 

choosing the solution with the lowest cost. As in this transportation case also the 

transportation time and pollution level are decisive. Underlying factors to the 

transportation decision may therefore imply higher transportation costs. This is 

something the business area needs to consider when deciding which transportation 

alternative to choose. Having a larger inventory could enable the business area to 

choose transportation types with longer transportation time. However as in this case it’s 

not likely that such a move from the business area would be done. Such a move would 

likely implicate consequences for the efficiency of managing inventory and net working 

capital. The business area should therefore probably start with using boat transportation 

for the products that don’t need to be delivered to the DC before the transportation time 

of this transportation type. 

 

When looking at the effects on the net working capital, the transportations with boat and 

the longer lead time imply higher costs of capital. The capital in the business area’s 

pipeline is increased compared to when using a transportation taking less time. The net 

working capital is of importance but a favorable action for net working capital should 

not be taken on the expense of the total cost. It’s important for the business area to see 

the whole picture and evaluating pros and cons of different alternatives. Decisions just 

seeing positive values in one aspect can lead to problems in others. It’s of importance 

that the business area works towards optimizing the whole supply chain to become 

successful, special key figures should not be prioritized on the expense of the whole. 

 

From the result of the transportation case, it's shown that the cost of transportation can 

be lowered (with 46%) and at the same time the pollution emissions can be lowered 
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(with 35%). Negative effects can be seen in the increased net working capital numbers 

but especially with longer lead times.   

 

As a second step, when other transportation types than air freight are used and 

evaluated, further actions for making the transportation solutions having a lesser impact 

on the environment could be taken. One factor that can be focused upon in taking the 

next step is modifying the planning of orders. By knowing and implying the knowledge 

about all different products it would be possible to handle how often and to which 

extent the products should be sent. By changing the handling in this matter the authors 

believe even further optimization regarding environmental and economic terms can be 

realized. 

 

Depending on the time constraint of transportation and how high pollution levels are 

accepted, the usage of transportation type differs. Demand for faster transportation 

indicates the usage of air freight, while a boat shipment is both cheaper and better in a 

pollution perspective. There are possibilities to combine the transportation type used for 

every product, this have not been used for any product however, since the cheaper 

alternative of boat have been prioritized when both types have been possible to use. 

 

One way of lowering the pollution level in line with the goal of a reduction of 20% 

lower    , is using other transportation types than air freight. Since the price of boat 

transportation is so much lower than airfreight, the argument of tying up capital in the 

supply chain is not necessarily a valid argument, since the gains of lower costs of boat 

transportation will most likely still be higher compared to the negative effect of tying up 

capital. However, the increased lead time will affect the service level of the business 

area. The service level is central to the business area and in this perspective the negative 

effect on the service level needs to be compared to the cost savings. This is not always 

easily done. Lower service level might imply customer loss. 

 

One idea to handle the ordering of products to the main DC would be to focus on 

transporting suiting products with stable demand by boat. For product with changing 

demand it's likely favorable to use a faster transportation solution like air freight 

shipments. 

 

Looking at the result for the transportation case, there are a few things that need to be 

discussed. The cost of transportation is significantly reduced when passing over from 

solely using airfreight transportation to using both airfreight and boat cargo. By using 

the transportation types presented under the result chapter the business area would also 

lower the pollution emission below the goal with a wide margin. This means that the 

business area have possibilities to choose a higher number of air freight transportations 

instead of boat if it would be necessary and still fulfil the goals. This could be valuable 

for situations when the demand differ from what’s normal, giving the business area 
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some room to manage special upcoming situations. Since the goal is set for 2020, the 

business area has time to implement this transportation changes, time is much likely 

needed to handle it. This is just a case for one specific supplier and with a small number 

of products. Implying these transportation changes throughout the whole business area 

and with all the suppliers it’s definitely a much more complex project. Looking at the 

goal for lowering the total    emission at the business area it’s not only to consider 

how the transportation factors affect the total result in this matter. However, the impact 

of the choice of transportation type should not be neglected. 

 

6.1.4 CASE OF ORDER QUANTITY 

Comparing the results from the order quantity case with Figure 2. we can see that for 

the 30 investigated products the forecasted demand have been underestimated 52,8 % of 

the time (206/390) while the forecasted demand was estimated to high 184 out of 390 

times. The distribution is not exactly following a normal distribution curve in Figure 9, 

it’s positioned a bit on the negative side of 0, which indicates underestimation of 

demand. Remarkably the biggest miscalculation of the demand is at the positive side. 

Where the forecasted demand for product 2 in the period 1502 stands out with extreme 

numbers, it was forecasted to be 198 but turned out to be 28 units that period. 

 

Its clearly a complex matter to estimate the demand with certainty. Using the method of 

estimating the demand by looking at the three latest months can be useful but some 

sometimes it's likely that this estimation is misleading. Which can be seen in the studied 

case, see Figure 8. 

 

To secure the service level it's of importance to secure the deliveries of all products. To 

be able to handle fluctuations in demand some inventory is needed. There is both a risk 

of having too little stock and too much. If the forecasts differ significantly from the 

order intake, high quantities will be hold as inventory or the possibility of making 

deliveries could be impossible. Holding big numbers of inventory affects the net 

working capital of the business area. This effect is bigger if the product price of the 

product being as inventory is high. 

 

The shorter lead times and the fact that consignment inventory doesn’t have any 

negative effect on the net working capital are reasons in itself that such a solution 

should be used. The wider question is for which suppliers and which products the 

biggest profit in doing so lies. For products with high volatility of demand, the usage of 

consignment inventory would be profitable for the business area in a short term 

perspective. However, the supplier would take all cost for holding the inventory, which 

in a longer perspective likely would lead to a higher price for the business area. For 

products with better predictability of demand it’s likely that the usage of consignment 

inventory would be a better solution. The products would not be placed as inventory for 
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too long, neither at the supplier nor at the DC. In this perspective, no increased prices 

from the supplier would likely occur either. 

 

As the situation is now with consignment inventory not being widely used and no policy 

for how to use it is being stated, the business area has possibilities for improvement. If 

the business area would use consignment inventory solutions in a higher degree, it's 

probable that the lead time and also the safety stock among other factors would be 

improved. Shorter lead times are one way of handling demand volatility. By using 

consignment inventory the business area would have products ready to be delivered 

right away when needed, in comparison to waiting for the supplier to produce the 

products and send them. 

 

6.2 CONCLUSIONS  

 

6.2.1 TLC  

 It’s central to know the different costs connected to supplier solution. If not all 

the costs are visible it's difficult to know which to exclude and include for 

making the right business decisions. 

 The transportation and custom costs are the two cost drivers that mainly affect 

the TLC. 

 

From the TLC case it's possible to draw some conclusions: 

 

 When purchasing from the supplier in China there are more additional costs 

compared to buying from Sweden. 

 This case shows that it’s important to investigate which costs are involved to 

being able to choose the best supplier. 

6.2.2  TRANSPORTATION CASE 

 There are feasible solutions to the IP so that all constraints are fulfilled. This 

means that there are possibilities of changing the usage of transportation.  

 There are possibilities of lowering the environmental impact from transporting 

products for the business area. The lower emission rates is not the only positive 

aspect with boat transportation, also the cost can decrease significantly. 

6.2.3 CASE OF ORDER QUANTITY 

 By using consignment inventory it’s likely that the business area’s managing of 

inventory could be optimized, since it would shorten lead times and lower the 
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effect of net working capital. By reducing the lead times, there are possibilities 

of lowering the safety stock as well. 

6.3 FURTHER RESEARCH 

It would be interesting to expand the study to also include the cost from the DC to the 

final customer. This has been excluded in this study but is still related to the efficiency 

of the business areas supply chain. 

 

A final possible addition to the study that could be of  interest for the business area is to 

further investigate how different costs and the profit of the suppliers are decomposed 

from the purchased price. This is visualized in the blue area of Figure 1. 
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APPENDIX 1 

Table 7 gives the cross-buy rate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 7. 5-years mean value cross buy rate. 
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APPENDIX 2 

Explanation of TLC tool  

 

Figure 10. Interface of TLC - tool 

For both suppliers 

In Figure 10 above the interface of the TLC-tool can be seen. As the first task the user is 

supposed to enter the purchase price of the product, both for the first and second 

supplier. Then it’s time to select the country that the supplier is located in, in this tool it 

is restricted down to 11 countries.  The user should then choose which currency is or 

will be used when paying the supplier. Then depending of supplier country and 

destination the tool needs input of the export and import rates to be able to calculate the 

total cost of customs. The last thing to add separately is the possibility to get rebate for 

paying earlier than the set payment days. 

 
Generic 

The tool also includes a generic part or a part where the parameters are the same for the 

products. These parameters are weight of product, destination, currency comparison and 

weighted average cost of capital (WACC). The weight of the product will always be the 

same due to the fact that the comparison will be made with the same product but from 

different suppliers. The same holds for the destination where the products need to be 

sent to the same destination to be able to do a correct assessment. The alternative to 

choose currency comparison was created to facilitate the comparison so the user would 

be able to see the TLC in the same currency. 
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Diagram 

There are two pie - diagrams for each supplier to make it more visible how big the 

different costs are and to be able to see what the business area really pays for.  

 

Additional functions 

When the user has stated the parameters it is time to compute the result and that is done 

by pushing the compute button. After the calculation it is possible for the user to either 

watch other data like cross buy rate for currency, country risk and inflation or it’s 

possible to reset the parameters and do another comparison. 

 

 


