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Globalization has increased competition between companies, which has led 

organizations to pay more attention to their procurement. Businesses are now placing 

more emphasis on total costs rather than focusing solely on the purchase price. One 

of the key value-adding processes within strategic supply management is for the buyer 

to select a supplier that qualifies the set criteria. The purpose of this thesis is to 

examine the advantages and challenges of using the concept of total cost of ownership 

(TCO) in a supplier selection process. The research utilizes a qualitative single-case 

study method within a case company, where a TCO model is developed and tested. 

The findings of the study are in line with previous literature with that the advantages 

include improved internal/external communication, better understanding of total costs 

on the given project as well as support for purchasing decision making.  However, the 

results also imply that to fully implement the TCO concept the buying company need 

to overcome challenges such as resource issues, since maintaining and updating the 

model can be time consuming. Given the evidence found in this research, 

implementing the concept of TCO in a supplier selection process creates potential cost 

savings which companies cannot ignore in today’s global and highly competitive 

market.  
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Globalisaatio on lisännyt yritysten välistä kilpailua, minkä vuoksi organisaatiot ovat 

kiinnittäneet enemmän huomiota hankintoihinsa. Yritykset keskittyvät nyt enemmän 

kokonaiskustannuksiin sen sijaan, että painottaisivat vain ostohintaa. Strategisen 

hankintatoimen yksi tärkeimmistä lisäarvoa tuottavista prosesseista on toimittajan 

valinta niin, että se kohtaa ostajan asettamat kriteerit. Tämän tutkielman tarkoituksena 

on tarkastella kokonaiskustannusajattelutavan (TCO) tuomia hyötyjä ja haasteita, kun 

sitä käytetään toimittajan valintaprosessissa. Tutkimuksessa hyödynnetään 

kvalitatiivista tapaustutkimusmenetelmää yrityksessä, jossa kehitetään TCO malli ja 

testataan sen käyttöä. Tutkimuksen tulokset ovat yhdenmukaisia aiemman 

kirjallisuuden kanssa, sillä se vahvistaa sisäisen/ulkoisen viestinnän paranevan, 

kokonaisvaltaisemman ymmärryksen tietyn projektin kokonaiskustannuksista sekä 

antaa tukea hankinnan päätöksenteossa. Tulokset kuitenkin antavat viitteitä myös 

siitä, että ostajayrityksen täytyy ratkaista mallin ylläpitämisestä ja päivittämisestä 

seuraavat resurssihaasteet, jotta TCO konsepti voidaan täysimääräisesti 

implementoida yrityksen toimintaan. Tutkimuksen tuloksien varjossa voidaan silti 

todeta, että TCO konseptin implementointi yrityksen toimittajan valintaprosessiin 

edesauttaa mahdollisten kustannussäästöjen luomisen, joita nykypäivän globaaleilla 

ja kovin kilpailluilla markkinoilla ei voida sivuuttaa. 
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1. INTRODUCTION 

 

Globalization has increased competition between businesses to the point that 

organizations must analyze and manage carefully their total costs for operations. Cost 

management has become a strategic weapon for most companies to increase 

competitiveness, and since more than 60% of total costs generally come from external 

purchases of products and services (Degraeve, Roodhooft & Van Doveren 2005), 

strategic procurement can effectively realize significant cost savings. Thus, for a 

company to remain competitive, it must improve its supply chain’s total performance 

by working with its supply chain partners.  

 

Supplier selection process is one strategic operating decision area which plays an 

important role on cost savings. A lot of times an unreliable supplier can cause extra 

costs for the purchasing company. For example, buying from the cheapest supplier 

can cause quality issues, delivery delays, or even material shortages later on, if there 

hasn’t been a proper evaluation of the supplier before deciding to do business with 

them. However, choosing a supplier is a very complex process that involves influences 

from two or more organizations, multiple individuals/departments, and other policies 

(Verma & Pullman 1998). Therefore, multiple philosophies and tools have been 

developed in order to support the decision-making process, one of which is the total 

cost of ownership. 

 

Total cost of ownership (TCO) has been given a lot of attention in recent academic 

studies and as a philosophy in the field of procurement it is known to have huge 

potential to decrease overall costs. The key idea behind it comes from considering cost 

factors other than price alone. Although price is and will always be a major factor in 

supplier decision process, it doesn’t evaluate the hidden costs associated with it. The 

major hidden cost elements associated with key purchases can be identified by TCO 

(Ellram 1993). These may include such cost factors as transportation, receiving, order 

placement, research and qualification of suppliers, disposal costs, inspection, 

rejection, downtime caused by failure and so on.  
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1.1 Background 

 

As procurement has gained a lot more attention in recent years, organizational 

functions like strategic sourcing have emerged and companies are now fine-tuning 

their value chains. Strategic sourcing is crucial for companies to remain competitive 

and manage their supplier base by identifying and selecting suppliers for long-term 

partnerships as well as developing effectively the already established buyer-supplier 

relationships (Talluri & Narasimhan 2004). Philosophies like just-in-time (JIT) 

manufacturing forces companies to manage their supply chain properly and therefore 

it’s vital, that strategic sourcing decisions are not solely based on operational metrics 

such as purchase price.   

 

Some experts claim that the concept of total cost of ownership dates back to the 

Napoleonic era. However, majority of academic literature started to introduce the 

method from 1990’s onwards and ever since, TCO has been looked at purely from 

economic approach managing an asset’s both direct and indirect costs over its entire 

life cycle (Wouters, Anderson, & Wynstra 2005). Previous studies have covered the 

advantages and challenges of TCO analysis but most of them haven’t been researched 

by using mathematical models in supplier selection process to demonstrate potential 

cost savings in a real-life setting.  

 

Supplier selection decision making process have also been studied widely in the 

previous literature but adopting the TCO concept and placing it as a part of sourcing 

decisions is less researched theme in the field of procurement. Placing a TCO model 

in the supplier selection process can potentially lead to successful long-term 

relationships and decrease the overall costs (Ellram 1998). For this reason, this study 

was organized at a case company to gain access for data needed to create an TCO 

model for the company’s needs and to see the results of it in the context of supplier 

selection process. 
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1.2 Objectives, Research Questions & Limitations 

 

This study aims to gain the knowledge of previous TCO literature and use it in order to 

come up with a successful model that is fine-tuned for the case company. The main 

objective is to answer the research questions as comprehensively as possible and to 

have a better view for total cost of ownership specifically from the strategic sourcing 

point of view. Working for a case company enables the author to study and observe 

closely on the research problem. By combining both the theory and empirical research 

the thesis can take a stance on the advantages and challenges of an TCO analysis on 

the supplier selection process. In addition, the purpose of this thesis is to benefit the 

case company with its findings so that it continues to implement the TCO philosophy 

within the organization. The main research question is as follows:  

 

What are the advantages and challenges of the TCO analysis on the supplier 

selection process? 

 

Sub-research problems provide a more comprehensive understanding of the main 

research issue. The aim is to compare the results of the theoretical and empirical 

sections together and to respond to the research problems. Moreover, the sub-

questions are there to evaluate the present situation in the case company and during 

the research the author uses them as guiding blocks for creating the TCO model that 

is introduced later in the study.  

 

What are the present supplier selection processes at the case company? 

 

What cost factors should be included in the TCO model? 

 

How could TCO be implemented to the current sourcing strategy? 

 

When using a single case study, there’s some limitations involved. The findings from 

the study cannot be generalized since the research is based on a single case company 

and all the empirical data is collected from inside of the organization and the RFQs 

provided by global suppliers. Since the TCO analysis requires cost sensitive 
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SUPPLIER SELECTION PROCESS 

SUPPLIER SELECTION PROCESS 

information to make it useful for the case company, all the figures in the empirical part 

of this thesis are merely examples. Therefore, the case company’s wish to stay 

anonymous will limit the data showcased in this study.  

 

1.3 Conceptual Framework 

 

Figure 1 visualizes the conceptual framework of this thesis. The framework is based 

on literature review and the research questions mentioned in the previous chapter. The 

figure shows a simplified supplier selection process based around concepts such as 

supplier evaluation criteria, total cost of ownership and supplier selection. The supplier 

selection process is based lightly on van Weele’s (2014) purchasing process, which is 

much more widely described in his research. This pinpoints a small fraction of it. 

However, this thesis starts by evaluating supplier criteria which sets the objectives on 

what the purchasing managers should look for. For instance, if quality is one of the 

highly valued factors by the buying company, the purchasing managers have a better 

understanding on potential new suppliers. In this thesis supplier criteria will be 

discussed more profoundly in chapter 2.   

 

Figure 1 Conceptual framework 

 

Supplier 
Evaluation 

Criteria

Total Cost of 
Ownership

Supplier 
Selection
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As the organization has their criteria in place for potential suppliers, the next step in 

the process is receiving RFQs from potential suppliers. After receiving the RFQs it’s 

possible to analyze them through the concept of TCO. Therefore, the figure 1 highlights 

the total cost of ownership block in between of supplier evaluation criteria and supplier 

selection blocks. The TCO analysis aims to help the purchasing managers’ supplier 

selection decision as well as giving information for make or buy decision. This study 

evaluates the advantages and challenges of TCO analysis on supplier selection 

process that unfold during the research.  

 

1.4 Definitions/Key Concepts 

 

Total cost of ownership (TCO) – A purchasing tool and philosophy which is aimed at 

understanding the true costs of buying a particular good or service from a particular 

supplier. (Ellram 1995) The quoted price is taken as a starting point and then each item 

reviewed is replaced by a cost factor (Khurrum & Faizul 2002). Therefore, the mentality 

behind TCO includes concepts such as continual improvement, long-term perspective, 

cross-functional relationships and constructive evaluations (Kumar, Hong & Haggerty 

2011). 

 

Strategic supply management – Essentially a quality management initiative that 

requires bilateral efforts for continuous improvement on business performance, 

reduced operational costs, on-time shipments and customer satisfaction. (Yeung 

2008) 

 

Supplier selection – Has become a strategic challenge for firms but choosing 

successfully increases customer satisfaction and brings substantial benefits. (Li & 

Zabinsky 2011) It requires factors beyond prices that are taken into account such as 

lead times, the capacity of the supplier to respond flexibly to the company’s requests, 

technical and management capabilities, financial position, the supplier’s geographical 

location and quality of items. (Ekici 2013) 
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Supplier evaluation – Neely, Gregory and Platts (1995) defines supplier evaluation 

as “The process of quantifying the efficiency and effectiveness of supplier action” which 

is the chosen definition for this study as well. Supplier evaluation is designed to help 

with the decision process within the purchasing company or through the incentives it 

invokes, to stimulate a change in behavior in the assessed supplying company (Neely, 

Richards, Mills, Platts & Bourne 1997).   

 

1.5 Research Methodology & Data Collection  

 

The study will be executed as a qualitative research and as the research is based on 

a single case study, it will have a holistic perspective. Case studies are useful for 

evaluating “real-world” examples in supply chain management research (McCutcheon 

& Meredith 1993) because they allow direct observation of the field. However, there 

have been some criticism for the lack of rigor with case study research (Ellram 1996) 

but this approach might improve if the research process is documented more 

comprehensively and the data collected is from supply chains (Seuring 2008). 

Nevertheless, the single case study suites well for this thesis as it represents a case 

to test a well-formulated theory, which in this case is assessing the total cost of 

ownership practice and implementation at the chosen case company.   

 

Figure 2 visualizes the research process for this exploratory study. The plan for the 

research process follows a method suggested by Kähkönen (2011), starting with a 

literature review of previously written academical articles focused on TCO and its 

benefits and risks, supplier selection and evaluation. The literature review also brings 

up some examples on TCO models used in the past to demonstrate how those models 

are developed and what are the most common cost factors included in them. Majority 

of the literature presented in this thesis’ theory part is based on Lisa Ellram’s research 

from 1990’s onwards, as her studies have been cited the most in analyzes related to 

total cost of ownership.    
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Figure 2 The research process for the thesis 

 

The next step is in defining the main research question as well as sub-questions that 

support the aim of this study. As the case company hasn’t used systematically any 

TCO tools for its purchasing activities, the main research question together with the 

sub-questions are set to balance both theory and practicality in real-life context, so that 

the findings would benefit the company but also future studies. As mentioned earlier, 

the aim is to develop an TCO model for the case company, test it in a global supplier 

selection process and unfold the results of what are the possible advantages and 

challenges of using a TCO analysis in supplier selection decision-making process.  

 

The data collection for the empirical part is executed by semi-structured, face-to-face 

interviews with themes around TCO and strategic cost management as well as supplier 

selection processes. However, the interviews are not highly structured because there 

aren’t any closed-ended questions. The emphasis is on observations and experiences 

of the sourcing managers and therefore this study considers that there is no need to 

provide the transcription of the interviews. In figure 2 the development of the used TCO 
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model in this study is in parallel with the data collection. This is because majority of the 

data collected for the developed TCO model is from RFQs provided by the Chinese 

suppliers during the first half of the year. Other data that is needed for the TCO model 

is from documents and reports within the case company as well as from the interviews.        

 

After the data is collected and the TCO model developed, the study analyzes the 

findings. By combining theory and the empirical findings this study should be able to 

provide comprehensive answers for the research questions it has set. Finally, the 

research process ends up with conclusions and recommendations for future studies.  

 

1.6 Structure of the Thesis 

 

This thesis has six chapters of which three of them are theoretical parts. The study 

starts from introduction chapter which covers the background for this thesis, aims and 

limitations as well as the main research question and sub-questions. Furthermore, 

research methodology, conceptual framework and definitions of the key concepts is 

introduced in the chapter. Finally, it presents the structure of the thesis. 

 

The next three chapters, as aforementioned, cover the theoretical background on the 

concept of total cost of ownership (TCO), supplier selection process and supplier 

evaluation. The advantages and challenges of TCO analysis are outlined as is the 

whole TCO concept based on the available academic literature. Moreover, the study 

looks for previous TCO models presented in the literature and looks partially for an 

answer for the sub-question “What costs should be included in the TCO model?”. 

 

The empirical part follows the theoretical chapters. Here, the research at the case 

company is presented. It starts with a short introduction of the case company and 

continues with the chosen research method, data collection and data analysis. The 

analysis is combined with previous literature and findings from the case company’s 

TCO analysis. Finally, this thesis ends with conclusions and further suggestions on 

future research.  
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2. Supplier Evaluation  

 

The reason why supplier evaluation together with supplier selection are the most 

important components of the purchasing process is because supplier performance can 

cause a direct financial and operational impact on the business (Bilişik et al., 2012). 

Therefore, supplier is a very significate factor for the success of a buying company. If 

the selection of a supplier goes right, it offers major benefits such as competitive 

advantage, customer satisfaction and reduction in cost, lead time, etc. But to succeed 

with a right supplier choice buying companies must evaluate the suppliers and 

therefore choose good evaluation criteria. (Kant & Dalvi 2017) For example, excessive 

lead time and late delivery can have a huge impact on a buying organization’s 

manufacturing and increase the final costs tremendously. So not only is the cost of 

purchase important criteria, but also other criteria of evaluation are crucial. Indeed, 

according to Mohanty, Gahan and Choudhury (2014) supplier selection is a multi-

criteria decision-making activity, which evaluates the performance of supplier based 

on the various criteria. 

 

2.1 Supplier Evaluation Criteria 

 

Based on Kant and Dalvi’s (2017) comprehensive literature review on supplier 

evaluation criteria, the most importance given by researchers are quality, on-time 

delivery, cost as well as performances or reputation in the industry, technical capability, 

flexibility, service, financial position and net price. Their study identified 151 supplier 

evaluation criteria from which the top ten specific supplier evaluation criteria are shown 

in the table 1 in random order.   

 

Quality 

For any buying company the aim is to purchase their materials from a supplier that can 

meet their needs. Manufacturers usually have their own special quality standards that 
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the suppliers are required to provide. Each manufacturer seeks their own quality 

control policies to control this issue and thus, one supplier will have different quality for 

different manufacturers. Kermani, Navidi and Alborzi (2012) state, that “each 

manufacturer has its own quality control policy that evaluates the quality of the 

purchased commodity from the supplier according to the percentage of the flawless 

commodities in each purchased patch.” To satisfy the manufacturers, this percentage 

should be more than a predetermined level. However, it’s important to highlight that 

quality is also related to the services provided which has a major impact on customer 

satisfaction (Sarode, Sunnapwar & Khodke 2008).  

 

On-time delivery 

The reliability in on-time deliveries is very important for any purchasing company. A 

firm can have long lead times yet still maintain high reliability on delivering correct 

products to the correct place/customer at the right time in perfect condition and 

packaging with accurate quantity and proper documentation. Another aspect of the 

delivery criteria is the speed of it. Some suppliers can stand out favorably from others 

by delivering more quickly than their competitors or meet a required delivery date when 

the competition cannot. To improve the speed of deliveries a supplier can streamline 

the order entry process, hold inventory at key points in the supply chain (e.g. in stores 

or regional warehouses), maintain excess capacity with which to meet “rush orders” 

and using a faster transportation (Sarode et al. 2008).  
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Table 1 Top ten supplier evaluation criteria based on literature review 

Quality Omurca (2013);Hayes et al. (1988);Kermani et al. (2012);Bilisik 

et al. (2012); Reddy et al. (2010);Sezhiyan & Nambirajan 

(2010);Wu & Olson (2010);Güller (2008); Sarode et al. (2008) 

On-time delivery Rezaei & Ortt (2013);Sarkar & Mohapatra (2006); Kim & 

Wagner (2012);Sarode et al. (2008);Li et al. (2012) 

Cost Wang et al. (2010);Dahel (2003);Krause et al. (2000);Youssef 

et al. (1996);Verma & Pullman (1998) 

Reputation/performance 

in industry 

Li (2009);Monczka & Trent (1991);Buffa & Jackson 

(1983);Lamberson et al. (1976);Dickson (1966) 

Technical capability Sezhiyan & Nambirajan (2010);Soukup (1987); Lamberson et 

al. (1976);Dickson (1966) 

Flexibility Sezhiyan & Nambirajan (2010);Wu & Olson (2008); Güller 

(2008);Sarode et al. (2008);Humphreys et al. (2005) 

Capacity & production 

facility 

Sezhiyan & Nambirajan (2010);Wu & Olson (2008); Monczka & 

Trent (1991);Soukup (1987);Lamberson et al. (1976);Dickson 

(1966) 

Service Chan et al. (2008); Wu & Olson (2008);Sarode et al. 

(2008);Kannan & Tan (2006) 

Financial position Reddy et al. (2010); Sezhiyan & Nambirajan (2010); Monczka 

& Trent (1991); 

Net price Monczka & Trent (1991); Soukup (1987);Ansari & Modaress 

(1986);Buffa & Jackson (1983) 

  

Cost 

The direct costs are obviously important to evaluate as they affect the whole 

performance and profit of an organization. For most, it’s also the easiest to understand 

and measure. Purchasing managers can already pre-select supplier candidates based 

on the cost. However, it is essential to be careful not to disqualify potential suppliers 

based on moderately higher costs then the competition, as proper analysis for costs 
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associated with the operating supply chain should be executed. Costs to evaluate 

include for example logistics management costs, process capability, distribution costs, 

manufacturing costs, warehouse costs, incentive costs and subsidies, intangible costs, 

overhead costs and inventory costs. 

 

Reputation/performance in industry 

The supplier’s past performance is very important as it indicates the level of quality 

they have achieved with previous projects. Usually, suppliers try to offer the lowest 

prices compared to their competitors’ offerings in fear of losing the deal to them. 

However, the buying companies aren’t always looking for the cheapest option. For 

example, a study by Darvish, Yasaei and Saeedi (2009) on the topic of construction 

bids concluded, that the lowest prices are not the promising approach to attain lowest 

projects costs. According to Biong (2013) “the positive interaction effect between 

quality sensitiveness and price indicates that quality sensitive buyers are willing to pay 

a price premium in order to receive high-quality services and avoid moral hazard after 

supplier has been chosen, even in a bidding situation.” 

 

Technical capability 

Technology can be defined as knowledge. It has revolutionized the corporate business 

world by introducing new industries and causing others to become obsolete. 

Technological capability is the process by which “an organization transforms labor, 

capital, materials and information into products or services” (Christensen & Bower 

1996). One way to describe it is through the company's tangible and intangible assets 

(Howells 1996). For example, tangible assets are products, plants and equipment, 

whereas intangible assets incorporate R&D, licenses, patents and tacit knowledge of 

the various resources of a firm (Gewe, Abebe, Azene & Bayu 2016). 
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2.2 Buyer-Supplier Relationships 

 

To reduce costs and create competitive advantage together with improved quality 

organizations are developing strategic relationships with suppliers (Petersen, 

Handfield, Lawson & Cousins 2008). This involves the selection and development of 

suppliers with similar goals and when managed effectively, it results to higher levels of 

customer service and reduced costs (Stank, Crum, & Arango 1999). However, supplier 

relationships can be simple if the purchased products are regular commodities, but 

complex, if only a few suppliers provide specialized products and/or require specialized 

assets to produce (Ellram 1992). Nonetheless, a buying organization must first reflect 

on their make-or-buy decision. 

 

Ronald Coase (1937) was the first one to question whether a company’s production 

should be organized within the firm or through the market, which was later labeled as 

the “make-or-buy” decision. A traditional approach for the concept has been 

emphasizing the financial and economic considerations mainly based on a cost 

viewpoint (Balakrishnan 1994). Typically, the make-or-buy decision compares the 

external market price for an input with a company’s estimate of the cost of producing 

it (Arya, Mittendorf & Yoon 2014). It’s a critical decision that sets the base for the whole 

business. However, the decision always depends on the object, the organization and 

the environment it works in. For instance, if there are capable people inside the 

company to produce the desired good, shouldn’t it be obvious for the firm to make it 

by themselves? According to Tadelis (2002), more complex products are produced 

inside the company more likely while more simple products are more likely to be 

procured through the market. 

 

Buyer-supplier relationships can take many forms. Figure 3 illustrates a matrix of four 

types of supplier relationships: alliance/buddy (type 1), relier (type 2), arm’s-length 

(type 3) and initiative (type 4). The matrix visualizes the foundation of a supply chain 

management which is based on commitment and trust. Commitment acts as a belief 

that both the buyer and supplier are willing to devote energy to sustaining this 

relationship. In practice, this shows as both parties dedicating resources to further the 

goals in the supply chain as well as sustaining it. Commitment also makes it difficult 
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for both sides to act in ways that could adversely have an impact on the overall supply 

chain performance. (Speakman, Kamauff & Myhr 1998) Trust can be conceptualized 

as “existing when one party has confidence in an exchange partner’s reliability and 

integrity” (Morgan & Hunt 1994). As commitment entails vulnerability, both suppliers 

and buyers seek only trustworthy partners. Therefore, trust is a strong determinant of 

relationship commitment (Achrol 1991).      

 

 

TYPE 2 
 
 

Relier 
 

High trust & low commitment 

TYPE 1 
 
 

Alliance/Collaboration 
 

High level of trust & high level of 
commitment 

TYPE 3 
 
 

Arm’s-length 
 

Low trust & low commitment 

TYPE 4 
 
 

Initiative 
 

Low trust & high commitment 
 

 

 

Figure 3 A theoretical model of buyer-supplier relationships (Adapted from Liu, Li & Zhang 2010) 

 

The simplest buyer-supplier relationship is called arm’s-length where both parties will 

have low levels of mutual commitment and trust in an exchange relationship. An arm’s 

length relationship is at one extreme and it is the worst kind of relationship to base a 

strong cooperation between parties. At the other extreme, both parties have close ties, 

commitment to long-term relationships and a willingness to sacrifice their own interest 

for long-term common interests. (Liu, Li & Zhang 2010) A form of this type of 

relationship can be called as alliances since they go beyond routine business 

relationships by requiring greater commitment and sharing. Lisa Ellram (1992) defined 

alliances as “a formal, long-term relationship between two or more firms which links 

some aspect of the firm’s business toward a common end, and includes sharing of 

information and the risks and the rewards of the relationship”. 

T
R
U
S
T 

COMMITMENT 
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In the between these two extremes, Liu, Li and Zhang suggests there are two more 

types: a relier and an initiative. A relier means that in exchange relations, both parties 

are willing to sacrifice their own interests for the long-term common interest to some 

extent, but for some reason they are not willing to commit to long-term cooperation. 

Because mutual trust between them could generate mutual commitment, this type of 

relationship has a great potential to make the transition from "relier" to "alliance type" 

as conditions mature. An initiative means that both sides of the exchange relationship 

are willing to maintain long-term relationships, but there is no mutual trust between 

them. Although both parties want to maintain relationships and continue to cooperate 

for business reasons, they cannot easily do so due to a lack of mutual trust and the 

potential for conflicts between them. 

 

According to Park, Shin, Chang et al. (2010), organizations can achieve timely 

provision of products, develop products on time, maintain high quality and low cost 

purchasing by applying supply relationship management. Collaboration with suppliers 

is the basis for constructing a good relationship with them and it enables techniques 

such as JIT purchasing (Just-In-Time), vendor managed inventory (VMI, suppliers take 

responsibility and manage the buyer’s inventory) and collaborative planning, 

forecasting and replenishment (CPFR, involves integrating the supply chain). Previous 

literature reveals that the terminology for collaboration is often used with closely related 

concepts such as cooperation, integration and joint action. However, Spekman, 

Kamauff and Myhr (1998) describes collaboration as the final state where supplier 

relationship can evolve from stages as cooperation, with stronger degree of information 

sharing, trust and commitment. This study defines collaboration as a relationship 

where two or more independent companies are working together with an objective of 

jointly achieving greater success than what could be attained in isolation (Daugherty, 

Richey, Roath, Min, Chen, Arndt & Genchev 2006). Therefore, it doesn’t distinguish 

between integration, joint action or cooperation. 

 

Although there are many advantages with collaborative buyer-supplier relationship, not 

all relationships should be based for it. It’s acceptable, if not necessary, to also have 

arm’s length relationships with suitable suppliers. According to Gadde and Snehota 

(2000), developing close collaborative relationships with suppliers is resource-

intensive and only when the costs of extended involvement are exceeded by 
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relationship benefits, it can be justified. As organizations may need to switch suppliers 

depending on the nature of their business, their operating environment and the 

technology used, the supply side is characterized by constant changes in these 

relationships. Gadde and Snehota (2000) argue further, that there are three 

characteristics to consider, whether and when a high-involvement in a supplier 

relationship is appropriate: 1) the monetary volume of business in the relationship, 2) 

the continuity of the relationship over time and 3) whether or not the supplier in the 

relationship is used as a single source. Based on these arguments, a high-involvement 

and collaborative relationship is appropriate with significant business volumes, 

characterized by stable, long-term relationships, and coinciding with single sourcing. 

On the other side it’s implied, that arm’s length relationships are best handled by 

adopting short-term based multiple sourcing with a low-involvement approach.  

 

In the next chapter this thesis introduces the concept of total cost of ownership. 

However, it’s important to shed some light on which buyer-supplier relationship the 

TCO would fit and how. As close collaboration requires information sharing (Ellram 

1992), it can be argued that providing feedback from TCO analysis for a given supplier 

enables the relationship to grow and become more efficient. For example, reflecting 

back to figure 3 this could be showcased as supplier relationship shifting from arm’s-

length type of relationship to alliance/collaboration. Based on Van den Abbeele’s, 

Roodhooft’s and Warlop’s (2009) findings, TCO information can help buyers in less 

powerful negotiation position towards suppliers to compensate for their disadvantage 

by using the more detailed cost analysis data. On the other hand, the findings 

implicated that buyers with powerful negotiation position weren’t able to enhance their 

power advantage for even higher individual profits. This could entail that less powerful 

buyers are more willing to work towards cooperative relationships in which the supplier 

is inclined to enter. 
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3. Total Cost of Ownership 

 

Total cost of ownership (TCO) is a tool and a philosophy aimed to understand the true 

costs of purchasing goods and services from a particular supplier. TCO requires 

analyzing and determining the most important or significant costs in the acquisition, 

possession, use and subsequent disposition of a service or a good. Not only does it 

take the price under consideration, but it also includes costs such as research and 

qualification of suppliers, inspection, transportation, rejection, replacement, downtime 

caused by failure and disposal costs. (Ellram 1995) There are similarities to other 

supplier selection and evaluation concepts such as Life Cycle Costing (LCC), zero-

based budgeting (ZBB), cost-based supplier performance evaluation and cost-ratio 

method, but some of the criticism of these methods varies from complexity and 

situation-specific applications to over-reliance on some factors and insufficient 

consideration of others. For example, LCC, “which encompasses all costs associated 

with a product from its inception to its disposal” (Sherif & Kolarik 1981) takes only the 

perspective of a product, calculating costs connected with the conception independent 

from subjects incurring them. The concept of total cost of ownership considers costs 

with a wider view.   

 

The quoted prices from suppliers act as a starting-point to the TCO process and then 

each issue considered is replaced by a cost factor. Determining the most important 

cost factors to the organization begins the TCO process as they are added into a price 

adder formula (Bhutta & Huq 2002). However, not all the cost factors are so easily 

evaluated. For example, personal cost, research cost and past experience are rarely 

simple to compute and thus adds a challenge to the already complex TCO approach. 

Ellram (1995) suggests two major approaches to determining TCO used by 

organizations: dollar-based and value-based approaches. The dollar-based relies on 

gathering or allocating actual costs data for each of the relevant TCO elements. This 

means, that the total cost for a component can be traced back to cost element basis 

with items which make up for that. Huge benefit from this approach is that it is quite 

straightforward to showcase and explain the results onward for management, for 

example. The value-based approach puts together cost/dollar data with other 

performance data which usually is difficult to “dollarize”, as qualitative data are 
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transformed to quantitative data. Generally, this model focuses on small number of 

major cost issues, around three or four, because calculations beyond this point tend to 

become too complex. 

 

Table 2 Total Cost of Ownership Illustration (Adapted from Khurrum & Faizul 2002) 

 SUPPLIER 1 SUPPLIER 2 SUPPLIER 3 

Price paid F.O.B. origin $3 950 $3 750 $4 160 

    

Manufacturing    

Raw material costs 1 000 950 1 100 

Labor 500 600 550 

Machine depreciation 250 300 225 

∑ 1 750 1 850 1 875 

    

Quality Costs    

Cost of inspection 200 250 150 

Rework costs 50 100 45 

Cost due to delay 50 80 40 

∑ 300 430 235 

    

Technology    

Design costs 500 450 550 

Engineering costs 1 500 1 500 1 500 

∑ 2 000 1 950 2 050 

    

After-Sales Service    

∑ 200 350 150 

    

TOTAL COSTS 8 200 8 330 8 470 

UNITS SHIPPED 1 000 1 000 1 000 

    

TCO/Unit $8,20 $8,33 $8,47 

 

 

Table 2 above shows an example of TCO computing with dollar-based approach. The 

example has three different suppliers to whom it has identified four essential cost 

categories: manufacturing, quality costs, technology and after-sales service. If the 

focus would only be in the price itself it would clearly show, that supplier 2 is the 

optimized choice. However, after taken into account the total costs of the planned 

purchase, it shows that supplier 1 actually has the lowest TCO/unit and therefore, 

would be the optimized choice. According to Ellram (1994) TCO models can be further 

classified by purpose: internal and external purpose. Internally this means that TCO 
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model can help during the supplier decision making process by giving comprehensive 

information on suppliers. External purpose refers to supplier development and 

negotiations with them based on the TCO calculations.   

 

3.1. Benefits of TCO 

 

There are many potential benefits that are supported by previous studies and literature, 

but the most frequently presented advantages of TCO can be grouped into five 

categories: improved supplier performance measurement, improved decision making, 

improved internal and external communication, improved insight/understanding of 

costs and supplier as well as support of the company’s continuous improvement 

efforts. The following takes a closer look for these benefits. 

 

Supplier performance measurement 

 

TCO provides a consistent supplier evaluation tool which improves the value of 

supplier performance comparisons among suppliers over time. It helps to define the 

expectations placed both for the buying firm and the supplier by setting priorities 

regarding the most beneficial performance areas, which creates cost saving 

opportunities. Furthermore, over time the purchaser’s understanding on these supplier 

performance issues and cost structures improves, which reflects on increased 

negotiation power with the provided TCO data. (Ellram 1995)  

 

Purchasing decision making 

 

TCO also benefits the buyer’s decision making on supplier selection process. As TCO 

collects data from various sources the buyer gets access to information beyond 

purchase price, which in turn refines cost savings with structured problem-solving 

environment. Based on TCO data the purchasers can justify higher prices in the long 

run for better quality but lower total costs. According to Ellram’s case study (1995), 

many firms have reported savings from $5 to $6 million in a 12-month period thanks to 
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TCO analysis. Another research outlined actual savings from 2 to 25 % for key parts 

families and commodities (Petersen, Prayer & Scannell 2000). 

    

Internal/Eternal communication 

 

TCO is a great way to increase involvement from other departments for purchasing 

decisions inside the buying company. During TCO analysis it’s recommended to 

include actively other functions within the company to help understanding the true total 

costs occurring. For example, in a traditional manufacturing company, employees from 

production department (engineers etc.), finance department and top management can 

provide valuable data for purchasers to determine the most critical cost factors to 

include into the analysis. This data can be in the form of development costs, tooling 

costs or quality related costs for example. It’s a great framework to answer all sorts of 

“what if” questions such as the cost impact of making alternative supplier selection 

(Degraeve & Roodhooft 2000). TCO data also provides an excellent communication 

vehicle for the suppliers, as the buying company can send reports on a regular basis 

for them. This gives the opportunity to define clear objectives for the suppliers to 

develop as well as it does for the buying company. (Ellram 1993) 

 

Insight/Understanding 

 

The purchasing company can learn a lot by just determining the relevant cost factors 

for their TCO model and enhance their awareness of their purchases. By using TCO 

the company can also gain knowledge of the nonprice factors affecting the targeted 

purchases. This is useful to determine the level of service required in areas such as 

delivery and quality, and how much the company should be willing to pay for such 

services. (Ellram 1993) However, the greatest insight comes with the tracking data of 

supplier performances in the long run. It helps the purchasers to spot trends and 

provides valuable information to compare supplier performances. (Dalrymple & Kelly 

2003)    
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Continuous improvement 

 

TCO supports company’s continuous improvement efforts by providing priorities 

regarding which performance areas would be most beneficial for the supplier to 

improve. For example, as purchasers get data from the TCO analysis they have the 

opportunity to create cost savings and quality improvements by identifying both internal 

and external issues in a supply chain. TCO analysis also expands the purchasers’ 

perspective and enables them to grow professionally. (Bhutta & Huq 2002) 

 

These five groups are by no means the only benefits TCO can achieve but summarizes 

the key advantages TCO philosophy can bring when implemented to an organization 

and therefore, create indirectly potential cost savings. Another important thing to note 

is that not all purchases are meant to be analyzed as profoundly as TCO requires. The 

organization needs to decide in which services/items it could get the greatest benefit 

by analyzing with TCO model.     

 

3.2. Barriers & Challenges of TCO 

 

While the TCO philosophy is quite simple to understand conceptually, Ellram (1993) 

states, that “in practice the complexity of gathering TCO data may limit its widespread 

adoption”. Not having all the accounting and costing data ready is a major barrier for 

some organizations as it takes time and resources to gather the needed information 

for TCO analysis. The single best or most accurate TCO measurement model is 

nonexistent, as strategic TCO analysis relies on configurable cost models with many 

variables that should be experimented to obtain most reliable results and compare 

different scenarios (Dalrymple & Kelly 2003). In other words, TCO models differs from 

one company to another and may even vary within a company depending on the buy 

class and/or item purchased. Furthermore, TCO costs are often situation-specific 

meaning, that the costs relevant to decision making can vary based on factors such as 

the nature, magnitude and importance of the buy (Ellram 1995). However, whichever 

ways TCO models differ, the basic principles are the same. Previous TCO literature 

suggests grouping the major challenges and barriers into three categories: cultural 
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issues, education/training issues and resource issues. These are examined more 

profoundly below. 

 

Cultural issues 

 

Since TCO approach is more like a philosophy than a tool, it may be hard for some 

organizations to adapt into. As with any organizational change, it’s easily met with 

resistance within the company. For example, if the TCO model is created by 

“headquarters” or some other separate unit, it’s harder to “sell” the developed approach 

to others within the organization. It’s critical to come up with relatively user friendly 

TCO model to convince potential users of its benefits. Furthermore, moving away from 

the traditional price orientation in purchasing towards total cost orientation requires 

additional training for the staff but this might also be the way to overcome most of the 

resistance. (Ellram 1993) Other cultural barriers may occur due to process 

improvements because strategic cost management and TCO analysis might eliminate 

jobs. This finding came to light from another case study made by Ellram (1998), where 

several companies reported that some resistance occurred towards TCO because the 

people participating in it were suggesting ways to eliminate their own jobs or the jobs 

of their coworkers. Another barrier is unique for organizations with government 

contracts, as Ellram (1998) states that “Moving away from the ‘bid’ approach means 

changing the mentality of the buying organization as well as the government agency, 

the organization's ultimate customer”. Therefore, cultural change could be a dual 

challenge. 

 

Education/Training issues 

 

As there is no standardized TCO analysis approach for organizations to obtain, 

companies need to allocate resources to educate how to implement TCO (Bhutta & 

Huq 2002). Sometimes the needed data for TCO analysis might require manual 

gathering if the current computer systems doesn’t already support TCO efforts. (Ellram 

1993) For example, accounting systems could provide data for labor rates, overhead 

costs and so on, but might lack the information on issues such as labor cost from 

rework due to a particular component from a particular supplier. This can result to a 

very labor-intensive process.    
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Resource issues 

 

In support of strategic cost management, the potential benefits of developing the TCO 

analysis must exceed the costs. Majority of organizations that use TCO have reported 

resource allocation issues as their biggest problem in TCO implementation. Building a 

TCO model from scratch is considered time consuming, ranging from few hours to 

couple of weeks, and often perceived difficult to understand and/or explain when ready. 

(Ellram 1993) It takes big initial time investment to develop working TCO system which 

is easy to use, provides structure and could be standardized. Thus, it’s important to be 

aware that not all buys require TCO analysis. The lack of user expertise and common 

terminology makes implementing TCO system also complex. (Ellram 1998) 

 

3.3. Supplier Selection Process Through TCO Concept 

 

In today’s business world there are numerous variables that are critical for the success 

of a company. One of the most important aspects that successful companies must 

incorporate into their strategic processes are right supplier selections. According to 

Ghodsypour and O’Brien (1998) supplier selection is a “multicriteria problem, which 

includes both qualitative and quantitative factors”. Thus, it’s necessary to make a trade-

off between these tangible and intangible factors (some of which may conflict) to select 

the best suppliers. In the traditional approach vendors are selected merely on the basis 

of cost factors. However, emphasizing costs as the sole criterion is inefficient and 

needs to be changed. 

 
Gary W. Dickson (1966) was one of the first to acknowledge the importance of supplier 

selection process, and his findings covered over 20 supplier attributes which managers 

trade off when choosing a supplier. From then on there have been numerous articles 

on supplier selection and based on Van Weele (2014, 28-42) supplier selection can be 

divided to four phases 1) subcontracting method determination 2) a preliminary list of 

suitable suppliers and invitations to tender 3) analyzing the offers received and 4) 

supplier selection. However, this study follows the decision model steps developed by 

Kumar et al. (2011), which is described below: 
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1) Pre-selection of suppliers – All suppliers who have the potential to supply the 

desired material/commodities should be considered as a candidate. Because 

many suppliers should be identified, they should also match the placed criteria 

e.g. manufacturing capabilities, length of time in the industry and size of 

company. For this purpose, a questionnaire could be used to narrow down the 

potential suppliers that fit the general criteria. 

 

2) Prepare request for quote (RFQ) – One of the most critical factors for decision-

making process is the RFQ. Done well, it ensures an accurate comparison 

across suppliers and, placing open -ended questions as part of it could provide 

important information about supplier features that otherwise wouldn’t come up 

with the straightforward template questions. From supplier’s point of view, this 

enables them room to offer alternative options that could further reduce costs. 

RFQs should include company background information that contains the scope 

of an RFQ, list of key contacts, evaluation criteria, RFQ instructions, 

confidentiality and conditions agreement, material handling instructions and 

technical specifications. This background information helps the supplier to put 

their best bid forward. Vice versa, the information that should be requested from 

suppliers is company information, customer service, quality control, technical 

support, cost sheets and manufacturing information. 

 

3) Analyze RFQ response – All the received RFQs should be analyzed 

consistently for all potential suppliers. An experienced and unbiased viewpoint 

is crucial as the analysis should provide an overview of associated strengths 

and weaknesses as well as estimates of overall costs and benefits. The 

recommendations should be based on both strategic considerations such as the 

supplier’s R&D commitments as well as cost-benefit analysis.  

 

4) Conduct site visit – With leading supplier candidates the formal lines of 

communication are opened. To review the suppliers’ facility conditions, the 

general manufacturing practices, quality control processes and equipment 
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capabilities, site visits are necessary. Furthermore, customer service should 

also be addressed and finally, as Wright C. M., Smith and Wright B. G. (2011) 

states, site visits are a valuable opportunity to ensure that potential suppliers 

adhere to the code of conduct for companies.   

 

5) Purchasing and contracting – According to Kumar et al. (2011), this step of 

the process can also be called as “awarding the business”. Once all the previous 

steps are completed, it’s time to select the supplier. The awarding of the supplier 

should be divided into two parts: i) trial and ii) qualifying the supplier. The first 

part gives the supplier an opportunity to try determining the specifications 

placed on the purchased commodity. The second part follows the successful 

trials and placed commercial orders. 

 

6) Qualify supplier – The supplier needs to ensure that they can deliver the 

specified items consistently with increased volumes, and with multiple trials this 

can be demonstrated quite effectively. This is also a good chance to catch any 

logistical or communication issues.    

 

7) Re-evaluate suppliers and contracts – There needs to be a feedback loop to 

the supplier established once they are qualified to provide them ongoing 

feedback. For example, a quarterly meeting with the chosen supplier to 

continually review quality and service performance can foster the relationship 

and improve communication. Also, these meetings are a good way to fix any 

systematic issues that may have occurred. Finally, as part of this stage the 

analyzed company re-evaluates and renegotiates the contracts. (Kumar et al. 

2011) 
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Figure 4 Closed loop supplier strategy and strategic decision-making (Kumar et al. (2011) 

 

Kumar et al. (2011) developed this strategic decision-making model for sourcing 

packaging materials globally, however, the model was also presented as a generic 

framework for utilizing total cost of ownership and Lean - methodologies. Figure 4 

above illustrates continuous improvement of supplier selection processes with the 

aforementioned seven steps looping around from the start to the end. Focusing on 

continuous improvement of supplier selection process can eliminate the consequences 

of choosing a wrong type of supplier for the purchasing company. These 

consequences drain time and money and within Lean philosophy are commonly 

referred to as “The Seven Deadly Wastes” (Hill 2018). For example, unnecessary 

movement of finished goods or raw materials is a waste in transportation and if the 

supplier doesn’t show compliance to work in collaboration to overcome issues as such, 

it can be enough for the buying organization to start preparing RFQs for alternative 

suppliers.     

 

To succeed in supplier selection, it’s crucial to examine all relevant costs associated 

with sourcing and for that reason a concept like total cost of ownership model is studied 

next. A common mistake is to select a supplier solely on the lowest unit cost as other 

critical factors that effects total costs should be included to the decision-making 

process. 
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3.4. TCO Model 

 

There are several approaches into TCO models and none of them are above the other. 

The basic concept in all TCO models is as Christopher (2011, 29) described it: the 

concept takes a shape of an iceberg (figure 5) where only the purchase price is often 

seen, and all other costs are hidden below the surface. These hidden costs can include 

inspection costs, replacement costs, warranty costs, costs of field failure, training and 

education costs, environmental impact costs, labor costs and scrap costs, which can 

have a major impact on the total costs. However, often these hidden costs are forgotten 

or neglected.  

 

 

Figure 5 TCO concept in a shape of an iceberg 

 

Based on previous literature some costs appear in TCO models more often than 

others, even though most of the models are unique by nature. This is because they 

are “created specifically for a particular context in which relevant cost factors differ 

from usual decisions and are meant for one-off application” (Ellram 1995). 
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Nevertheless, this study introduces few of the most common costs included in generic 

TCO - models below. 

 

Transportation costs 

 

One of the most frequently showcased cost in literature is the transportation costs 

which links directly to the total cost equation. The European Union and the United 

States are the two main places in the world for freight transportation expenditures. For 

example, the total logistics costs (inventory, transportation and logistics administration 

costs comprised) were valued at 1,494 billion dollars in the US alone in 2017 (Gilmore 

2018). In transportation costs ocean shipping rates should be included in addition to 

the cost of delivering material from supplier to purchaser. Furthermore, full cargo 

containers of materials bought must be coordinated to optimize on ocean shipping 

rates. Typically, transportation companies charge more for heavier cargo weights or 

bigger packaging sizes. However, they also navigate the shipments through the import 

and export process of countries in global transportations. Such services will add to the 

cost of transportation.  

 

Customs duty costs 

 

A tariff or tax on the import or export of goods is a customs duty cost. The country of 

origin and the type of goods affect the rate of the customs duty. In some cases, goods 

can be duty-free.  

 

Currency fluctuations 

 

This can be defined as follows; when one currency changes in value relative to another 

currency. In general, a rising euro makes it less expensive for Europeans to travel 

abroad, to import foreign goods and to purchase foreign investments. However, a 

currency like euro does not move uniformly against all currencies as it can be rising 

against one currency, while declining against another. Factors like political stability, 

economic stability and investors can all have major impacts on currency prices and 

fluctuations. For example, during the 2008-2009 financial crisis investors exchanged 

their US dollar for Euros and British pounds and as a result, the US dollar plunged 
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relative to those currencies (InvestorGuide 2013). The same thing happened with 

European economies a few years later, as Euro and the pound began to fall, the US 

dollar rose. 

 

Costs of quality 

 

In across a supply chain costs of quality can be defined as the sum of the costs incurred 

in preventing poor quality of product and/or service to the final consumer as well as 

the costs incurred to ensure and evaluate that the quality requirements are being met 

and any other costs incurred as a result of poor quality (Kumar et al. 2011). Srivastava 

(2008) states, that costs of quality is approximately 30 percent of total manufacturing 

costs, which at itself is a significant cost driver that firms need to control effectively for 

sustaining competitive advantage. One of the major elements influencing costs of 

quality is transit damage. The potential for damage is high since in global supply chains 

the raw materials can spend four to eight weeks on the ocean exposed to various 

weather conditions. Furthermore, the container loads also must be handled at two 

different shipping ports, which again increases the risk for damage.   

 

Lead time and inventory carrying costs 

 

Lead time costs depend fully on the country of origin. As mentioned earlier, global 

shipping times can reach four to eight weeks. Most often TCO models include the total 

transportation time (and not ocean transport time alone) consisting of time to transport 

from the overseas plant to the shipping dock at the overseas port, time to load into the 

ship, time on the ocean, unloading at the domestic destination port, to loading on to 

the truck and trucking time from destination port to the domestic manufacturing plant 

(Kumar et al. 2011). Typically, the greater the lead times are the higher the inventory 

levels are to cover any potential supply disruptions or quality issues. However, with 

increased lead time and inventory levels comes higher costs.  

 

Each items/parts a company procures can also be valued differently to highlight the 

most important ones for the organization. This should be taken under consideration 

with lead times. ABC analysis is based on Pareto principles and in practice is one of 

the most widely used techniques for classification of different items into classes. In 
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materials management, the main idea behind it is suggesting that not all items are 

equally valued. The method is easy to understand and use since it divides inventory to 

three classes: A, B and C.  Typically, class A items are the most important for an 

organization with the highest value or fastest inventory cycle time for example. For 

class A items 5-10% account for 70% of the annual consumption value of the items, 

for class B 15% and for the rest of inventory items correspond to class. (Kefer, 

Milanovic, Misita & Zunjic 2016) 

 

Qualitative factors  

 

There are few other qualitative factors especially in global supply chains that should 

be added to the TCO equitation but are hard to measure in dollars. Technical support 

is typically an issue when a global supplier doesn’t have any personnel in the domestic 

country. This causes delays in support and reaction time when a quality issue arises 

due to distance of the supplier. Often this result to last minute global flights that are 

very expensive. 

 

Another qualitative factor in global supply chains is the language barrier, when accents 

and interpretation of slang terms can create miscommunication between supplier and 

buyer. Furthermore, time zone sets also a challenge between the manufacturer and 

the supplier as most communications are typically via e-mail. Again, cases where rapid 

reaction is needed suffers through response time delays which could have an impact 

on costs. Communication through a phone would possibly cause the other or both a 

need to work extended hours to contact each other. 

 

Finally, Wright et al. (2007) states, that if business leaders neglect the social and 

environmental factors it can tarnish corporate reputation and strategic impact, 

potentially causing even business failure. This means, that these perceptions need to 

be recognized by present and future business leaders. 

 

Table 3 divides the most common total cost of ownership cost drivers into thirteen 

categories: operations cost, quality, logistics, technological advantage, supplier 

reliability and capability, maintenance, inventory and transaction cost, life cycle and 

others. Based on Ferrin and Plank’s (2002) questionnaire, there are numerous cost 
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drivers that companies can implement to their TCO model which further implies, that a 

standard TCO model doesn’t exist. However, some costs do appear more frequently 

in many TCO models which supports Ellram’s (1994) findings on standard and unique 

TCO models. This could be, as Ferrin and Plank (2002) suspects, that as companies 

continue to refine their TCO models they will evolve to various set of models, some of 

which are unique, some slightly modified and some standardized. Lastly, they suggest 

that a completely precise categorization scheme for TCO cost drivers might be elusive.  
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Table 3 Categorization of total cost of ownership cost drivers (adapted from Ferrin & Plank 2002) 

Operations Cost 
• Manufacturing 

• Machine Efficiency 

• Production to Schedule 

• Labor Savings 

• Assembly Cost 

• Operating Supplies 

• Long-Term Operating 
Costs 

• Line Speed 

• Cost in Use 

• Capacity Utilization 

• Increase in Production 
Output 

Quality 
• Durability 

• Replacement 

• Field Failure 

• Customer Downtime 

• Inspection 

• Cost of Quality 

• Calibration Cost 

• Rework 

• Scrap 

• Customer Returns 

• Rejection Cost 

• Quality Improvement 

• Unplanned Downtime 

• Out-of-Service Costs 

Logistics 
• Freight 

• Packaging 

• Customer Service 

• Availability 

• Handling 

• Instability in Freight Rates 

• Outbound Cost 

• Tariffs 

• Leadtime 

• On-Time Delivery 

• Supplier-Managed 
Inventory 

• Time to Schedule 

• Warehousing 

• Duties 

• Area of the Country 
Customer Must Order 
From 

• Import Fees 

Technological Advantage 

• Design Obsolescence 
• Suitability for Intended 

Use 
• Flexibility for New Use 
• Changing Technology 
• Long-Term advantage 
• Supplier Ability to Change 

Technology 

Supplier Reliability & 
Capability 

• Partnering Costs 

• Team Costs 

• Trust 

• Supplier Capabilities 

• Payment Terms 

• Supplier R&D Capability 

• Supplier Ability to Grow 

• Supplier Support 

• Service by Supplier 

• Stocking at Supplier 
(Quantity Availability) 

• Familiarity with Supplier 

Maintenance 
• Supplies 

• Training 

• Downtime 

• Costs 

• Labor 

• Repair Costs 

• Parts 

• Spare Parts 

• Long-Term Maintenance 
Costs 

• Repair Frequency 

• Reliability 

• Preventive Maintenance 
Schedule 

Inventory & Transaction 
Cost 

• Safety Stock 

• Design/Procurement for 
Inventory Reduction 

• Storage 

• Perishability 

• Turnover 

• Administration of Post-
Purchase Agreements 

• Ease of Transaction 

• Supplier Conversion Cost 
(Cost to Change Supplier) 

• Small Orders 

• Procurement 

• Transactional Activity 

• Long-Term Savings 

Life Cycle 
• Long-Term Usage 

• Projected Life Cycle 

• Life of Product 

• Life Cycle Stability 

• Cost Savings over Life of 
Product 

• Useful Life 

• Redesign Cost 

• Life Cycle Obsolescence 
Cost 

Miscellaneous 
• Taxes 

• Value Chain 

• Warranty 

• Product Design 

• Availability from a 
Supplier 

• Disposal Costs 

• Liability & Indemnification 

• Obsolescence Cost 

• Salary, Benefits 

• Indirect Labor 

• Product Use 

• Depreciation 

• Lease or Buy 

• Supplier Cost Drivers 
(From Requisition to 
Receipt) 

• Safety 

• Support & Utility Costs 

Initial Price 
• Unit Cost 

• Initial Purchase Price 

• Long-Term Price Stability 

• Initial Capital Expenditure 

Customer-Related Cost 
• User Satisfaction 

• Customer Perceptions 

• Customer Specifications 

Opportunity Cost 
• Cost of Money 

• Overhead 
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3.5. TCO Model Equation 

 
As mentioned earlier in this study, there is no one-and-only TCO model that fits for 

every organization. Key cost factors, which are included to the TCO equation, must be 

chosen uniquely for different businesses. However, when a company decides to use a 

TCO model in supplier selection, they must develop one for themselves. Using simple 

equations is more than enough to create a dollar-based TCO – model (Ellram 1995). 

In global procurement the first thing is to convert the country of origin currency of the 

material into domestic currency (example below).  

 

Euro = Cost ÷ Exchange Rate 

 

The second primary equation sums all chosen costs to finally have a number for total 

cost. This can further be divided to total cost per unit, which is a great indicator when 

compared to a price per unit. In summary, the below equation example shows the 

equation in simple form, but to gather all the data for it is however complex (Ellram 

1995). 

 

Total Cost = unit cost + brokerage fees + insurance + international freight + 

destination freight + destination charges + customs + warehousing cost + cost of 

quality + safety stock cost + transit damage 

 

Based on the existing literature, activity-based costing (ABC) has been the preferred 

approach for calculating total cost of ownership. Using activity-based costing 

“improves matching activities which drive costs with the items that benefit from those 

activities” (Ellram 1995). According to Visani, Barbieri, Di Lascio, Raffoni & Vigo 

(2016), there are four particular advantages of using ABC method combined with TCO: 

1) Since costs can be traced to the activities performed for dealing with a supplier, ABC 

yields more objective cost measures; 2) with ABC it’s possible to compute the cost 

impact of alternative supplier choices; 3) the consequences of suppliers’ performance 

improvements can be estimated with ABC; 4) ABC facilitates the evaluation of different 

purchasing policies such as order quantities and changing the number of suppliers.   
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Since activity-based costing is able to allocate costs based on the effort required to 

deal with each supplier, they are only allocated to those suppliers that call for that 

activity. Combining TCO with ABC calculations usually involves the following steps: 

 

1.) Identifying all business supplier relationship management functions; 

2.) Calculating the total cost of each of those activities; 

3.) Choosing the right cost drivers to allocate operating costs to each supplier; 

4.) For each supplier, all operating costs allocated to the supplier shall be summed 

to arrive at the total cost of managing that supply ratio. (Visani et al. 2016) 

 

Studies that have researched the ABC – method have had one thing in common: the 

resource costs for activities were determined through interviews, periods, and direct 

observation of how much or percentage of time people spent on various activities. For 

example, based on estimates made by warehouse personnel, the percentage of time 

they spend on each activity, such as picking, packing, transporting, receiving, 

inspecting, and moving the goods, is attributed to these activities. The project team 

then calculated the activity cost driver rates that were used to allocate the operational 

costs to individual products or customers, by dividing this operating cost by the output 

of each activity - such as number of receipts, number of inspections, number of items 

selected and number of shipments. (Kaplan & Anderson 2004) 

 

Activity-based costing has been a valuable approach for TCO calculations because it 

can better identify low-cost suppliers than traditional methods. The price itself does not 

necessarily give an indication of the total cost since low-cost and low price do not 

always coincide. Costs can increase significantly with low price suppliers as they might 

have high hidden costs or high risks. Using ABC method together with TCO may be 

time consuming and it’s one of the main reasons why there are still large amount of 

companies that rarely use it, but TCO models without ABC have also received critique 

of being too limited since the allocation costs could not be clearly traced. (Visani et al. 

2016) Given the examples and the theory this thesis has presented on TCO models 

by now, this study will combine it with the case company’s TCO model that was 

developed during the research. The empirical part will focus on the case company and 

present its current state on supplier selection process and continue further with 

describing the created TCO model. 
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4. Empirical Study 

 

This study uses a qualitative research method for the empirical part, as previously 

mentioned. The simplest definition of qualitative research is that it uses words (written 

and spoken language) that have been collected and analyzed in different ways. As a 

typical example, a qualitative research method produces 'narrow but rich' information 

as it seeks to understand and interpret the meanings of the research subject. (Braun 

& Clarke 2013, 3-4) In other words, it focuses on a smaller number of cases and seeks 

to provide the most comprehensive analysis possible. For this single case study, a 

semi-structured interview method was used to collect the data. The method can further 

be called a theme interview because it starts with predetermined themes and leaves 

the researcher free to adapt the form and content of the questions according to the 

person and the course of the discussion (Ahonen 1994, 138).  

 

This exploratory study has had the objective to develop and pilot a TCO model for the 

case company in their current project of selecting suppliers. For this reason, the 

interviews have taken place randomly during the whole spring and early summer of 

2019.  A lot of people have given their input for the developed TCO model, but most 

data from the interviews was from the case company’s sourcing managers, logistics 

manager and purchasing manager. Also, consultancy and guidance were given from 

a senior global category manager. As most of the input from the interviews has been 

aimed at developing the TCO model, this thesis does not consider it necessary to 

transcribe them here but show the results from the model itself and describing how it 

all came together. However, the case company’s present state is described in 

subchapter 5.3 and the data for that is through interviews, observations and meetings 

with the potential new supplier’s representatives. 
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4.1. Case Company 

 

This case study is made for a manufacturing company located in Finland. The 

company wishes to remain anonymous, hence it has been referred to as a “case 

company”. The case company exports its products to different parts of the world, 

including Europe, USA and China, to name a few, and is part of a global corporation 

headquartered in USA, which is now looking at possibilities to gain more market share 

from China.  

 

The case company’s subsidiary company is located in China and due to the fact on 

how complicated the regulations are there, the current business model in exporting 

products from Finland has been, and still is, a complicated process. Therefore, the 

case company is looking for possibilities to enhance their operations and reduce costs. 

As the corporation strives for Lean – excellence throughout the organization with 

continuous improvement, it has been recognized, that this business model has a lot of 

waste in it and now the management at the headquarters wants to explore possibilities 

to decrease this waste. 

 

Recently, the subsidiary has proposed an idea to start manufacturing their own 

products at their local factory. For this they need instructions and training from the case 

company, as well as parts from the existing supply chain. However, in the near future 

they intend to localize their own supply chain which would bring them cost savings and, 

as they have already made some calculations, would be much more cost efficient 

compared to the present business model. From a strategic supply management point 

of view, there might be some good opportunities to gain cost efficiencies for the case 

company as a result from this China project as well. Soon as the China company has 

localized its supply chain, it’s important to analyze if there would be some suppliers 

that the case company could utilize for their own production. For this task the concept 

of total cost of ownership (TCO) comes at hand.  

 

The author of this study has been assigned together with the sourcing department to 

research the possible benefits for the case company that might form from switching 

some present suppliers to Chinese suppliers. TCO will be used as a main tool to 
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analyze the total cost first from the present suppliers and then compared to the 

Chinese alternatives. Previous literature suggests that TCO is well suited for this task, 

as it analyzes costs beyond purchasing prices. Therefore, this study will construct an 

TCO tool for the case company and use the China project as a pilot for implementing 

TCO as part of their strategic supply management. In the next chapter this thesis 

introduces the present supplier selection process at the case company, which sets the 

starting point for later discussions of implementing a TCO tool together with supplier 

selection process.  

 

4.2. Present Supplier Selection Process at the Case 

Company 

 

The concept of TCO has been lifted as one strategic objective for the case company 

meaning, that the topic of this thesis is very timely now. This chapter presents the 

current state the company has on their supplier selection process. The data for this 

was gathered from an interview with a sourcing manager at the case company, who is 

responsible for supplier negotiations, evaluation and selection. The semi-structured 

interview lasted approximately one hour which covered themes surrounding the 

supplier selection process concept.  

 

Whenever the case company starts to search for new suppliers, the first thing that a 

sourcing manager does is that he/she goes through their database for all potential 

suppliers provided by the organization’s headquarters. Maintained by the 

headquarters, this database is updated every year and available of use for the case 

company’s sourcing managers. The pool for potential suppliers has different ratings 

for them which goes to greater detail of an individual supplier if needed. These 

suppliers are categorized based on their products (e.g. electronics, plastic, mechanics) 

and the status they have (e.g. preferred, approved, qualified). For instance, a preferred 

supplier may have some specific specialties, great customer service and a convenient 

location geographically. Also, a preferred supplier has already agreed on certain 

payment terms which automatically entitles for annual savings. At the end of the 

contract, suppliers may fall to a lower level if they do not meet the required performance 
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criteria. Approved suppliers have passed the audit but may lack some qualities that 

they haven’t reached the preferred supplier status. Qualified suppliers are still in the 

process of reaching the approved status. Figure 6 visualizes the supplier status 

hierarchy and how the organization scores them. At the bottom of the pyramid are all 

potential suppliers in the market, picking the ones that fit the criteria set by the 

company. Pre-selection ensures that the candidate supplier meets the legal 

requirements and is committed to the policies defined by the organization. 

 

 

Figure 6 Case company’s supplier status hierarchy 

  

Suppliers are also invited to present their companies via Skype – calls which gives 

them the possibility to promote themselves. The contact information is available for the 

sourcing managers through the database as well, if they are interested to approach a 

particular supplier. With this method, the case company does not always have to start 

looking for suppliers from scratch, which saves time and means lower costs. However, 

if a sourcing manager finds a potential supplier that isn’t in the database already, they 

can contact the headquarters and ask if they have any previous knowledge on the 

supplier in question. Usually, if they aren’t, the headquarters employees will have a 

visit to the unfamiliar supplier’s site and report if they are applicable for the set criteria. 

Nevertheless, the final word is always up to the case company’s sourcing manager, 

whether to choose a new supplier or not.  

Preferred 
supplier

Approved 
supplier

Qualified supplier

Potential supplier
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The case company’s present supplier selection process usually takes approximately 6 

months which is why the potential supplier database is great value for the case 

company. If suitable, the potential supplier is asked to send their quote which 

determines the following procedures. This is where the author of this thesis has placed 

the starting point for TCO analysis, after receiving RFQs (see figure 1). However, in 

the present case company’s supplier selection process the sourcing managers are 

evaluating the RFQs without any standard procedures. Once the groundwork is done, 

the next step is in the current selection process is to pay a visit in the supplier’s site. 

This enables the sourcing manager to see their production capabilities, facilities and 

how well the supplier would fit with the case company overall. Then, if everything looks 

good, the sourcing manager will continue with the process of opening a new supplier 

form. After the paperwork is done, the supplier starts to manufacture prototypes and 

when ready, send them to the case company for evaluation. The quality control at the 

case company is very strict, so those prototype parts are inspected very carefully and 

if they don’t pass the tests, the supplier is asked to send new ones with possible 

modifications to improve on the quality. Once the quality matches the set criteria, the 

supplier gets the “green light” to start building their safety stocks for the required part 

and then the case company can proceed placing orders for these parts and slowly 

replace the current supplier. 

 

The case company monitors the new supplier with metrics such as on-time deliveries, 

PPM (parts per million) and material shortages. On-time deliveries measures how 

accurately the supplier delivers the goods as requested. PPM measures quality 

performance on how many defective parts per million there are. Material shortages can 

arise in many ways and they can have a huge impact as well. For instance, the supplier 

might not have managed its inventory levels effectively enough resulting for longer 

lead-times for specific materials, which adds to their production time for the requested 

goods. In worst case scenario, it shuts down the case company’s production if there 

isn’t a way to expedite the shipment. If some aforementioned issues rise to the surface, 

the data from these metrics are a good base to set up a meeting with the supplier and 

give feedback based on these numbers. This is also one way to build relationships with 

a supplier and move to more efficient and profitable business on both sides. For 

example, if the trend for late deliveries is increasing it might have big consequences 

for the case company’s production rate and thus become very expensive. Usually, this 
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means working overtime, express delivery methods or using resources to find 

alternative sources for a desired good. This chapter has answered the sub-question 

“What are the present supplier selection processes at the case company?”. 

 

4.3. Case Company’s TCO model 

 

Since the Case Company didn’t have any specific tools to analyze total costs 

systematically, there was a need for one. For this purpose, a TCO model was 

developed by combining the previously presented theory with the empirical data that 

was collected in parallel during this research. The idea has been to create a generic 

TCO model prototype which also could be configured to some more specific analyzes 

if necessary. This way it supports different projects in the future when used to calculate 

total costs. With the approach of developing a TCO model enables this research to 

create a holistic and comprehensive framework to support the supplier selection 

decision in a real-life scenario.  

 

The model was created in Microsoft Excel - software which is familiar to everybody in 

the case organization meaning, that the employees wouldn’t have to learn a new 

software in order to use the model. Another important requirement was to get the 

model as simple and easy to use as possible. Therefore, the analyzer must only fill in 

the empty blocks to have a result, but if there is a need for a more detailed calculation, 

it should be possible. The data needed to fulfill the analysis can be found from the case 

company’s ERP-system, from suppliers RFQs and documents/reports inside the 

organization. The finished model is divided into four sections: Part Data, Supplier 

Attributes, Quote Analysis and Quote Summary. Next, these sections are discussed in 

more detail with examples from the model. Although the numbers are only examples, 

it still shows the idea and the potential advantages the TCO analysis can offer.  
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4.3.1. Part Data 

This section includes all the basic information on the supplied parts. As many parts as 

desired can be included, if necessary, but they must be from only one current 

incumbent supplier. The user starts by typing a name for the project as well as the 

name of the project leader. The part data section incorporates fields for a part number 

(every part has a unique number for identification), part description (verbal description 

of a part), HS code (Harmonized System), current unit cost, estimated annual usage 

(EAU), the weight of the part (impacts the costs of transportation), current vendor and 

standard unit cost. The reason to include both current unit cost and standard unit price 

is to measure purchase price variance (PPV), if different.  

 

Table 4 HS codes 

 

 

The duty rate impacts on the total costs which is why it’s important to include in the 

model. There’s a separate tab for all required HS codes (table 4) and their country 

specific duty rates (if applicable). As this project is aimed at Chinese suppliers, the duty 

rates were checked specifically for the parts sourced from there. All of the parts 

categorized with 0 per cent of duty rates. However, for future projects there is the option 

to add more specific countries to the model (Canada and India in the example above).  

 

The next thing in the model is to evaluate business risks concerning a move to another 

supplier. Three risks were included in the model: technical complexity of a part, 

business support for sourcing transition and business risk of part transition. These are 

evaluated with a Likert-scale from 1 (=low risk) to 3 (=high risk) and then multiplied to 
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get a risk factor value. This risk factor gets divided by two which gives a suggestion for 

the number of trips to support a transition.  

 

Requirements to move a part is the next column to add in the model. This includes 

drawing translation costs, certification costs and the level of functional testing required 

to grand the move. Cost for drawing translation is estimated around 45 euros and can 

be switched on/off in the model. Many parts had already been translated to English 

meaning that most of the parts didn’t include translation costs. Furthermore, not many 

certifications were included because the target parts didn’t require any. However, for 

future projects certifications like CE (product safety) and PPAP (Product Part Approval 

Process) were given as options to choose in the model, if needed. CE certificate costs 

often range between 100 to 60 000 euros whereas PPAP is harder to evaluate (1000 

euros in the current example).  

 

Table 5 Risk factors 

 

 

Finally, the level of functional testing was added where a scale from “no testing” to 

“high” level of testing were created. Cost for low level of testing was estimated to 100 

euros, moderate to 500 euros and high level of testing to 1000 euros. Most of the parts 

in the case company had some level of testing. All the costs from risks are summed in 

the requalification costs column shown in table 5 above.    

 

4.3.2. Supplier Attributes 

 

The TCO model’s next Excel tab covers the supplier attributes. These include the 

supplier name, experience with the supplier and their location. Also, contract duration, 

year-over-year reductions on price and payment terms are included. Currently a 

maximum of five suppliers can be included in the model. As an example, table 6 shows 

incumbent supplier Finnish Oy and two Chinese suppliers, China A and China B. The 
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experience with supplier field is used to determine the risk associated with a move 

(greater experience = lower risk). The impact multiplier was set as follows: 0 years’ 

experience (new supplier or new to this technology) = 100%, 1-4 years’ experience 

(some experience) = 30% and 5+ years (mature relationship) = 0%. The field for 

supplier factory location should be where the product will ship from and is used to 

determine transportation and duty costs. 

 

The field for contract duration is used to ensure that all bids are fairly evaluated over 

the same time period. In table 6 they are set to five years for each supplier. Year-over-

year reductions are available when a multi-year contract duration is selected.  Values 

entered here represent annual price changes. Values should be entered as 

percentages with negative values indicating price decreases and positive values 

indicating price increases. Sourcing managers can try to negotiate price reductions 

within the multi-year contracts and include them to the calculations, so that it’s easier 

for them to check total costs for one year or even for full five years and do a comparison 

between them.   

 

Table 6 Supplier attributes 

 

 

Several common payment terms options are in the model such as Net 30 (Payment 30 

days after invoice date), 1% 10 Net 30 (1% discount if payment received within ten 

days otherwise payment 30 days after the invoice date) and Pcard (purchasing card, 

a form of company charge card). In the example above (table 6) the Finnish Oy’s 

payment term is set to Net 45 (Payment 45 days after the invoice date) and both of the 

Chinese companies’ payment terms are set to Net 90. 
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Table 7 Logistics and qualification support 

 

 

If third-party logistics (3PL) is used for consignment/local stocking, the model gives the 

option to include it into the total costs. If 3PL is used, there are options to choose 

whether the supplier pays transportation to the third-party, to the factory or both of 

them. The mode for transportation is chosen last with few options: parcel, LTL-truck 

(Less Than Truckload) or milk run (in-plant transportation, the cost is assumed to be 

fixed and is therefore excluded from freight costs). Costs for parcel and LTL-truck can 

be assigned in a separate freight Excel tab so that the costs will get added into the 

total costs automatically. In the example (table 7), no 3PL was chosen. Finally, costs 

for qualification support can be indicated to the qualification trips and cost per trip 

fields. In the example these are estimated to 2000 euros and 3000 euros. 

 

4.3.3. Quote Analysis 

 

The quote analysis tab should be completed when the RFQs from suppliers have 

arrived. Here the analyzer can mark one supplier as the incumbent, so that 

comparisons with potential supplier alternatives can be made in the final quote 

summary tab. The quote analysis tab includes fields such as quoted unit price, tooling 

costs, other NRE (Non-Recurring Engineering, a one-time cost to research, design, 

develop and test a new product or product enhancement), package size, minimum 

order quantity (MOQ), lead time in business days and freight mode. 
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Table 8 Quote analysis 

 

 

In the example above (table 8) the part specific specifications have been completed 

for both the Finnish Oy and the China A company. The quoted unit price has been 

converted from Chinese Yuan to Euro from the China A’s RFQ. If there are any 

surcharges, they should also be included in the quoted unit price field. The value of 

tooling costs should be entered in the tooling field, if any. However, if tooling is 

amortized into the piece price, it should not be included here as well. If there are some 

non-capital, one-time costs being charged by the supplier, it should be entered to the 

other NRE field.  If the supplier requires the case company to order in multiples of a 

quantity, that quantity can be added in the package size field. Otherwise, they should 

strive for package size = 1 to ensure maximum flexibility in order sizing. Also, if the 

supplier requires the case company to order a minimum quantity, it should be entered 

to the MOQ field. Again, the case company should strive for minimum order quantity = 

1 to ensure maximum flexibility in order sizing. 

 

The lead time should be the time from the supplier getting the signal to the time parts 

are received. These are calculated in business days, and if the supplier is using local 

stocking, that shortened lead-time should be reflected here. For class A part the target 

should be less than five days and for class B part less than ten days, which reflects 

the freight mode selection and the use of 3PL’s or consignment as appropriate. The 

freight mode can be selected for each part with the following options: parcel (e.g. TNT, 

DHL Express, FedEx, UPS, Bring etc.), LTL-truck (e.g. DHL Freight, Schenker, Logate, 

Netflux, Train etc.), international air (e.g. DGF, UPS SCS etc.) and ocean (e.g. UPS 

SCS). The freight prices are average costs for price per kilogram and values for them 

can be assigned in a separate “freight” tab (table 9) in the Excel model. A logistics 

leader should periodically update this to ensure accuracy of the rates reflected given 

the current market conditions.  
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Table 9 Freight values 

 

 

The annual recurring total cost field sums all costs for a specific part and for further 

examination the model also shows a best bid analysis for all parts (table 10). In the 

"Best Bid Analysis" section, it’s possible to evaluate each part number's bid 

independently. The tool will only recommend another supplier if their bid, after non-

recurring and requalification costs, is a better option than staying with the current 

supplier. 

 

Table 10 Best bid analysis 

 

 

Finally, the model has an "Awarded Supplier" section, where it’s possible to award a 

supplier for each part individually. However, it is not required to award all parts to the 

same supplier. Awarding a supplier comes handy in the final quote summary tab, as 

it’s possible to evaluate the total bid in there. 

 

4.3.4. Quote Summary 

 

The TCO models final Excel tab sums the bid and compares it automatically against 

the current total costs. The quote summary is divided into two charts and two 

histograms to give the analyzer a comprehensive amount of data in a way which is still 

easy to read and understand. The histograms are a great way to visually communicate 
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forward the main results from the TCO analysis. Table 11 shows the first chart the 

analyzer sees when clicking on to the quote summary tab.   

 

Table 11 Quote summary 

 

 

In the example above, there is a Finnish Oy (incumbent supplier), China A and China 

B suppliers. The first section of the chart shows a bid analysis for five years and it’s 

divided into two: recurring costs and one-time costs. Total recurring costs consist of 

purchase price, freight and logistics, duty and customs clearance and working capital. 

In table 11’s example, there are many parts sourced from the Finnish Oy, so the total 

purchase price is 1,324,865 euros. Respectively, China A’s total purchase price for five 

years is 696,160 euros and China B’s 281,264 euros. However, if the analyzer chooses 

to “award” the best bid (not all parts need to move to Chinese suppliers as the bid can 

be a mixed combination from each supplier including the current source), the result 

shows in the “awarded supplier” column. The TCO model recommends a bid where 

the purchase price for all parts sums at 1,207,167 euros.   
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Continuing with the example, Finnish Oy’s freight and logistics costs are 187,000 euros 

and their freight mode is LTL-truck. However, China A’s freight mode is selected as 

the ocean (ship) which is also a low-cost transportation mode and it actually undercuts 

Finnish Oy’s logistics costs by 24,000 euros. In turn, China B’s freight mode is an 

airplane which is very expensive, and it shows within the 510,510 euro freight cost. 

Because of this, by awarding the model’s recommended suppliers the freight and 

logistics costs increased by almost 40,000 euros.    

 

As mentioned before, there are no duty costs included in these parts that the case 

company wanted to analyze and so in this example, this is left blank as well. Also, as 

most of the payment terms are set as net, the working capital is quite low. However, 

this includes early payment discounts and credit card rebates if the payment term is 

set in the supplier attributes tab as such. Nonetheless, one of the most interesting parts 

of table 11 is the “potential savings” column which shows that there is a possibility to 

save up to 378,031 euros in total recurring costs for five years value, if the case 

company chooses to award the model’s recommended suppliers for each part. 

 

The total one-time costs are 12,784 euros for the “awarded supplier”. This includes 

tooling and NRE costs, as well as qualification costs. In the example, China A’s total 

one-time costs are 6,440 euros and China B’s 10,378 euros. However, only one part 

is qualified from China B in the awarded bid and that is why the total one-time costs 

are only 12,784 euros. Next, the chart shows the same total recurring costs and one-

time costs but for the first year. The potential savings for recurring costs winds up at 

84,385 euros and when the total one-time costs are included, it ends up at 71,601 

euros. 

 

In table 11 the final chart shows the annual impacts, if the incumbent supplier has been 

chosen in the previous “quote analysis” tab. The model calculates the PPV impact for 

12 months, logistics impact, duty impact and working capital impact. With the awarded 

suppliers bid, the purchase price would decrease by 92,319 euros. However, logistics 

costs would increase by 7,907 euros. There wouldn’t be any duty impact (no duties 

included in this example) but working capital would decrease by 1,577 euros because 

accounts payable is positive with 7,928 euros. Inventory, however, would increase by 

6,351 euros. 
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Figure 7 Supplier bid comparison 

 

Figure 7 visualizes the bid comparison for year one both for recurring and non-

recurring costs. It shows that Finnish Oy’s total costs mainly forms from purchase price. 

China A has most of the risk impact, but freight by the sea comes at low cost. China 

B’s RFQ consisted the least of parts but still, the freight cost is massive due to flying 

the shipment by air. Because of this, the model recommends only one part to be 

sourced from China B as it still would be cheaper than from the current supplier. The 

awarded supplier bar indicates, that even though the purchase price is lower than the 

incumbent supplier, there’s the risk impact to take into consideration. The risk impact 

is further analyzed in the next histogram (figure 8). Finally, there are one-time costs 

including qualification and tooling costs worth of 12,784 euros, if the awarded suppliers 

are chosen. However, these costs are very minimal compared to the overall costs.   
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Figure 8 Awarded supplier risk by cost category 

 

Figure 8 visualizes the supplier risk by cost category. In the TCO tool it’s possible to 

select a specific supplier’s risk range from a drop-down menu or choose the awarded 

supplier and compare the results against the established supplier. The histogram 

shows the projected cost, FX risk (foreign exchange risk), expediting risk, duty rate 

risk, certification costs and qualification support risk. In figure 8 the analyzer has 

chosen to look at the awarded suppliers’ risks. For FX risk the currency sensitivity is 

assumed at +/- 10% of the price due to potential currency fluctuations from a non-

domestic supplier. However, the actual FX variances could exceed +/- 10% and if 

necessary, can be changed in the model. The example calculation gives us FX risk of 

15,662 euros. As this example has a lot of parts awarded from China A, which ships 

through ocean, the expediting risk is 5,753 euros. The need to expedite product is 

largely a function of lead-time. Longer lead-times will require more frequent expedites. 

 

Again, as the example didn’t include duty rates there is no risks for that either. 

However, qualification support risk is estimated at 32,227 euros. There are a lot of 

assumptions when calculating risks and it takes time to fine-tune them to correlate with 

reality as closely as possible. Hence, in this example the qualification support risk has 

quite a high value. This mainly comes from assumption of qualification support trip 

costs and requalification costs explained earlier in this chapter. Nevertheless, 

qualification costs can definitively increase if the selected new supplier is unable to 

produce goods with the set criteria. 
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Table 12 Top risks and countermeasures 

 

 

Finally, the last table in the quote summary tab presents the top risks, the risk amount, 

explanation of them and potential countermeasures (table 12). In the example, three 

risks were identified as explained with the previous figure 8. The purpose of this table 

is to inform the analyzer about the risks in a quick and easy way including explanations 

of the factors influencing the risk calculations and what can be done to mitigate those 

risks. 

 

The TCO model includes some assumptions as well, some of them mentioned already 

during the detailed explanation of the different tabs the Excel based tool has. All of 

these assumptions can be later modified to better match the reality a particular project 

might have. To quickly recap, these assumptions include the aforementioned impact 

multiplier for supplier experience, currency sensitivity, cost of a project support trip, 

production workdays in a year, cost to translate one print and default duty rate and risk 

rate.  

 

The developed TCO model prototype has some limitations. For example, it mainly 

takes the procurement perspective limiting concepts like the life cycle cost approach. 

Therefore, aspects such as maintenance costs and recycling costs are not involved in 

the calculation. The more complex the model is developed, the more time it takes to 

find and fill all the relevant information on it. Thus, this TCO model has had the 

objective to enable the sourcing managers to conduct a holistic supplier evaluation and 

to perform make-or-buy decisions within the case company’s supplier selection 

process. Furthermore, the model can be practical in supporting the supplier 

development and supplier controlling. 
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5. Findings and Analysis  

 

This chapter presents the findings and analysis from the empirical research. The 

following subsections evolves around the research questions and thus provide 

answers to “What are the advantages and challenges of the TCO analysis on the 

supplier selection process?” and “How could TCO be implemented to the current 

sourcing strategy?”.  

 

5.1. Implementing the TCO Model at the Case Company 

  

Once the prototype of a TCO model was conducted at the case company, it was time 

to pilot it with the current project at hand. To recap, the current project dealt with 

supplier selection, whether to procure some specific parts from Chinese suppliers or 

stick with the Finnish incumbent suppliers. One of the reasons the project got started 

along with this thesis was because the purchasing prices alone from the Chinese 

suppliers were a lot cheaper than the prices which domestic suppliers were able to 

offer. However, the case company wanted to analyze the global RFQs from a total cost 

of ownership perspective. Since there weren’t any tools that would cover this request 

a TCO model was developed, which was presented in the previous chapter. The 

following describes how the TCO model was implemented to the case company’s 

current supplier selection process to support the decision-making procedure. 
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SUPPLIER SELECTION PROCESS 

SUPPLIER SELECTION PROCESS 

Figure 9 Case company's supplier selection process combined with a TCO concept 
 

 

Figure 9 modifies the conceptual framework illustration presented in the introduction 

chapter of this thesis. Here, it visualizes how the total cost of ownership concept was 

placed in between the supplier evaluation and selection, as well as showcasing the 

database for all potential suppliers the case company has access to. Hence, the 

process of supplier selection starts from searching alternative suppliers from the 

database which was described in the previous chapter in more detail. The database 

itself already comply with the TCO concept since at the corporate level the potential 

suppliers are constantly evaluated by criteria beyond purchasing price. However, the 

TCO concept is valuable in evaluating potential suppliers for the case company 

particularly, since the database can’t directly promise that a certain supplier, although 

promising on paper, would fit for the case company’s needs. In this study, the author 

was introduced to the project at a stage when potential Chinese suppliers were already 

known. Thus, the step for evaluating the suppliers was almost done. The next step was 

waiting for the official RFQs from these suppliers and once they were received, the 

TCO model itself was introduced to the project.  

 

The process of TCO analysis started with the RFQs, which were translated to the Excel 

model described in chapter 5.3. The sourcing manager indicated the cost drives that 

was needed in the project (e.g. there was no need for 3PL this time around) and once 

all the data was gathered, the model presented the results. Indeed, the majority of the 
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Approved 
supplier
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parts would bring potential savings by switching from incumbent supplier to a Chinese 

supplier. However, due to some part’s physical traits the transportation costs for these 

items would increase the total costs and as such, wouldn’t be a preferable choice.  

 

The TCO prototype got implemented quite seamlessly to the current case company’s 

supplier selection process. The existing database supports the TCO model well since 

it already has a large number of potential suppliers that has embraced the 

organizational culture of the whole corporation. As the case company exploits Lean – 

philosophies as their core business model, it’s crucial that the existing suppliers are 

aware of it and committed to develop the supply chain by eliminating all waste that 

appears in it. However, due to time limits of this thesis it’s not possible to make 

conclusions on how well the TCO model would be implemented to sustaining and 

further evaluating the selected suppliers.   

 

5.2. Advantages of the TCO Model at the Case Company 

 

As globalization is constantly increasing competition between businesses, companies 

must manage carefully their costs. At the beginning of this project, it was clear that the 

case company wanted to implement a TCO based tool to their current supplier 

selection process. With this prototype that was developed during the research, many 

advantages have appeared as a result. The following presents the main benefits that 

surfaced at the case company during the research.  

 

Cost management in any business is challenging, but with the modifiable TCO model 

it’s easier to get broader understanding on total costs with each project. As the 

sourcing department gets more experience using the tool, it has the potential to 

become standardized method for their supplier evaluation and selection process. As 

such, much higher quality and reliability could be reached with the total cost analysis 

results. This is a big support for the make-or-buy decision as well as supplier 

development initiatives.  
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One of the top advantages of the TCO model is that it facilitates communication 

between different stakeholders. Especially internal communication is easier when 

sourcing managers have access to the TCO analysis summaries, where they can 

present and base arguments on the numbers. The summary tab specifically wanted to 

tackle this communication challenge and therefore there are histograms as well, to 

visualize the potential savings on whether to choose a new supplier or stick with the 

current one. The support from top level management is more accessible when sourcing 

managers can easily show the results and if necessary, go into details with the TCO 

calculations. But as with every model, these results aren’t meant to be taken as 100% 

accurate, but more as an indicative on the different possibilities. The support of top 

management makes the supplier selection decision-making process part of the whole 

corporate strategy and therefore the information exchange internally can improve by 

decreasing miscommunication between different departments. For example, before a 

new part from a new supplier gets integrated to the case company’s production, there 

are various things to consider such as making place for it at the warehouse (if no 3PL 

is used), making place at the production line and making sure the quality is as good as 

promised. Since there are many variables that needs to change because of a new 

supplier, the improved internal communication is seen as a clear advantage. 

 

External communication can be seen as an advantage as well, since sourcing 

managers are now able to use the data from the TCO analysis and continue 

negotiations and development discussions (e.g. production process improvements) 

with suppliers based on the figures. This is a valuable tool to send clearer reports as 

well as objectives for suppliers in order to generate more efficient supply chains. 

However, this thesis’ timetable did not make it to the stage where it could’ve been 

tested in real life situation. Nevertheless, the case company’s sourcing department had 

positive indications that this would be a handy tool for maintaining supplier 

relationships.  

 

Although risks cannot be fully avoided, the TCO analysis provides better risk 

management compared to the present supplier selection process since it includes 

dynamic factors such as currency rate fluctuations and transportation costs. For 

example, a specific supply situation may not be worthwhile anymore if the exchange 

rate reaches a certain level in global procurement or the opposite, it may become even 
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more favor for the buyer. Especially, the tool can be useful if the case company decides 

to further seek potential suppliers from low cost regions such as the Asian market. 

Finally, as the tool itself was created in Microsoft Excel – software the learning curve 

to use it was considered quite minimal which further encourages sustaining its use in 

the future as well.  

 

5.3. Challenges of the TCO Model at the Case Company 

 

The current database of potential suppliers the sourcing department has access to 

diminishes a great amount of work that would otherwise deprive resources of their time 

of seeking and auditing suppliers they’d see as candidates for the case company. 

Although it’s possible for the sourcing department to search suppliers outside the 

current database, they can rely almost exclusively for the vast amount of options 

available there already. However, using the prototype of TCO model still can be seen 

as time consuming, because it requires to fill in all the costs associated with the project 

at hand manually. Furthermore, the tool itself needs to be maintained and regularly 

updated which requires labor allocation and thus, binds resources.  

 

Developing the prototype of a TCO model itself was time consuming, but the cost of 

investing time on it hasn’t exceeded the benefits. Luckily, the case company has 

already incorporated the concept of total cost of ownership into the organization’s 

strategy, so implementing the tool for their supplier selection process had full support 

from everybody. The challenge therefore lies in sustaining the implementation process 

and developing the tool for more user-friendly experience, for example, by decreasing 

the manual work and combining the model together with the case company’s ERP- 

system. As of now, there’s still no expertise towards the TCO concept at the case 

company, so training and education issues can build up to a labor-intensive process. 

On the other side, when the employees get used to the new concept, it can generate 

new ideas of when and where to employ it as well.  
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6. Discussion & Conclusions    

 

This chapter discusses and summarizes the findings as well as presents short but 

comprehensive answers for the main research question and the sub-questions. 

Furthermore, limitations that appeared during the research as well as 

recommendations for future studies are discussed. The purpose of this study was to 

research possible advantages and challenges that TCO analysis can bring when 

implemented within a company’s supplier selection process. This study utilized a 

single-case study method in order to demonstrate the usage of an TCO concept in a 

real-life setting. For this purpose, a TCO tool was developed at the case company for 

their current project of evaluating alternative suppliers and to support sourcing 

managers decision-making process. 

 

This thesis started off by introducing the concept of supplier evaluation. Earlier studies 

have found that supplier selection is a multi-criteria decision-making activity (Mohanty 

et al. 2014) and to successfully select the right one, it’s crucial that companies choose 

good evaluation criteria (Kant & Dalvi 2017). This thesis introduced the most common 

supplier evaluation criteria based on literature review and went even further in detail 

with five of them. The empirical research revealed that there are some supplier 

performance benchmarks in the case company (PPM, On-time delivery & Material 

shortages), but most of the evaluation criteria found in the literature is not under 

standardized tracking. Therefore, a tool based around the TCO concept was on high 

demand as it’s known to suit well on supplier evaluation and making measurements 

(Dalrymple & Kelly 2003). 

 

Regarding to buyer-supplier relationships, Park et al. (2010) argued that organizations 

can achieve timely provision of products, develop products on time, maintain high 

quality and low cost purchasing by working in collaboration with suppliers. Given the 

evidence found in the previous literature (Ellram 1992; Liu et al. 2010), the concept of 

TCO enhances information sharing and therefore it can be argued, that TCO improves 

buyer-supplier relationships and can evolve it further towards alliances.    
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Previous studies (Bhutta & Huq 2002; Ellram 1995) have identified, that using a 

modeling tool such as TCO provides a framework for supplier selection/evaluation, 

creates less work and can be used directly in supplier qualification. Moreover, it can 

generate benefits such as better insight and understanding of relevant cost factors, 

increased negotiation power and support for purchasing decisions. It can also facilitate 

the process of building strategic alliances with suppliers by comparing supplier 

performance against others over time. However, Ellram (1993) was one of the first to 

point out certain barriers to TCO use. Challenges as cultural issues, education/training 

issues and resource issues were found from the literature.  The focus in this study was 

to investigate if these advantages and challenges would be realized in a single-case 

study and based on the results, these are in line with earlier findings. The organization 

should weigh the advantages and challenges and decide on what they hope to gain 

from implementing an TCO model in their supplier selection process. Another 

complicated issue is the lack of standardized approach to TCO analysis. Earlier 

literature indicates that TCO models vary widely within companies depending on the 

item or class procured.  

 

The empirical research found also, that the current supplier selection process followed 

largely the same steps as Kumar et al. (2011) presented in their research. The 

decision-making process steps goes as follows: 1) Pre-selection of suppliers; 2) 

Prepare RFQ; 3) Analyze RFQ response; 4) Conduct site visit; 5) Purchasing and 

contracting; 6) Qualify supplier and 7) Re-evaluate suppliers and contracts. The case 

company has access to a pool of supplier database where they can pre-select 

suppliers. The TCO analysis started as the RFQs were received, therefore it was 

implemented to the step 3 in the process. The rest of the decision-process steps were 

identical at the case company. However, due to time limits the re-evaluation of 

suppliers and contracts step couldn’t be tested in this research by using the TCO tool 

for the new suppliers, because there needs to be a feedback loop established once 

they are qualified. During the research, the relationships didn’t reach to that point yet 

where chosen supplier could be continually reviewed by quality and service 

performance.   
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6.1. Summary of Findings 

 

Each of the research questions are answered in this chapter based on the findings 

formed by combining the results of the theoretical part and empirical part. Starting with 

responses for the sub-questions, this chapter builds up towards answering the main 

research question. 

 

What are the present supplier selection processes at the case company? 

 

The case company has access to a supplier database maintained by the organization’s 

headquarters where suppliers are categorized based on their business (e.g. 

electronics, plastic, mechanical parts etc.). The vast number of suppliers are rated to 

potential, qualified, approved and preferred status based on audits. This enables the 

sourcing manager to choose the ones that look promising and request for quotation. 

After analyzing the RFQs, the sourcing manager can conduct site visit for the potential 

new supplier, open a new supplier form and “green light” the supplier to start building 

safety stocks, if the inspection of the first batch received meets all the requirements. 

The case company continues monitoring the supplier with quality performance 

measurements such as PPM, on-time deliveries and material shortages. The present 

supplier selection process was introduced in chapter 4.2. in more detail. 

 

What cost factors should be included in the TCO model? 

 

Since TCO models are unique by nature there’s no single right answer. Cost factors 

differ from project to project and thus, are created specifically for a particular context. 

However, most commonly the models include cost factors such as logistics costs, 

operation costs, currency fluctuations, costs of quality, lead time, inventory costs and 

the initial price. Qualitative cost factors are harder to measure in euros since they can 

relate to the level of technical support from the supplier or even language barriers. 

Nonetheless, costs that might occur from these factors can be taken under 

consideration on the TCO calculation by adding a risk factor for expediting costs for 

instance. Therefore, a customizable TCO model should be an objective where the tool 

can evolve and include specific cost factors, that are required to each project at hand.  
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How could TCO be implemented to the current sourcing strategy? 

 

As the case company had already incorporated the total cost of ownership into one of 

their strategic objectives, the implementation process has been easier. The TCO 

concept got implemented to the case company’s supplier selection process, starting 

from the RFQs they receive from potential suppliers. The TCO analysis can then be 

performed and the results can be used to support the decision-making process. 

Furthermore, the tool can be of use in the negotiations and supplier development 

initiatives. However, due to time limits this wasn’t verified during this research. Overall, 

there are many incentives why a company would want to implement an TCO concept 

into their sourcing strategy, which are discussed next.   

 

What are the advantages and challenges of the TCO analysis on the supplier 

selection process? 

 

The main advantages found from previous literature applied also at the case company. 

In supplier selection process the main advantages of a TCO analysis that were 

recognized during the study, were better cost management, internal/external 

communication and risk management. TCO analysis provides higher quality and 

reliability on a decision-making process since it evaluates costs beyond purchasing 

price. This enables the buyer to access information that can create potential cost 

saving opportunities with structured problem-solving methods. Furthermore, the buyer 

can manage risks by taking factors such as currency fluctuation, expediting costs and 

qualification risks under consideration in the TCO calculations. Based on the results 

it’s easier to communicate to top management and justify higher prices in the short 

term but lower total costs and better quality in the long run.  

 

There weren’t that many challenges this study was able to identify. However, whenever 

a process gets changed with new methods there’s a learning curve that the current 

employees of an organization must embrace. This can cause resistance within a 

company, but with additional training this could be overcome. In addition, the TCO tool 

needs regular updates and maintenance in order to give more reliable results. 

Furthermore, creating the tool itself can be challenging and the amount of readily 

available costing data is another factor. Therefore, the empirical research from this 
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study is in line with findings from previous literature, suggesting that the main 

challenges of implementing TCO concept together with supplier selection process are 

resource issues, education/training issues as well as cultural issues. 

 

6.2. Limitations & Future Research Recommendations 

 

This study has limitations since its empirical research is based on a single-case study 

which only observes data collected from the case company and for example, doesn’t 

perceive any data from the supplier’s point of view. Further, due to time limits this study 

wasn’t able to collect enough data and observe how well the TCO concept is suited for 

maintaining and developing supplier relationships. Therefore, the findings from this 

thesis cannot be generalized as they’re solely from a single buying company’s 

perspective. Hence, it’s suggested that future studies would utilize multiple 

respondents in the data collection process to gain more broad perspective of possible 

advantages and challenges that can occur during the implementation of an TCO 

concept into a supplier selection process.  

 

The findings were promising as the advantages that emerged during this research 

outweighed the challenges of implementing an TCO concept together with supplier 

selection process. However, it’s important to continue investigating further in future 

studies how different cost factors such as macro-economic elements (e.g. oil prices) 

influence on the TCO calculations. Also, there needs to be more case studies 

showcasing how a TCO tool could be implemented together with supply chain 

management, especially on long-term relationships and with different international 

supplier options.      
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