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ABSTRACT 

Many sectors and industries are being pushed by policymakers and consumers towards an 
industrial transformation to become more sustainable. This in order to reduce the negative impact 
on the environment caused by the emissions of toxic substances and greenhouse gases, as well 
to promote more efficient use of resources.  

The transport sector and specifically the automotive industry is seen as one of the main actors 
within the climate debate due to their high environmental impact in terms of emissions. Therefore, 
authorities and customers are pushing automotive manufacturers to shift towards electric mobility. 
However, a rapid shift is not simple. The supply of raw materials needed to sustain the production 
of batteries does not meet the demand. In turn, causing shortages of some materials and heavily 
increasing their prices. 

This thesis addresses the supplier selection problem within a Swedish lithium-ion battery 
manufacturer with clients mainly in the automotive industry. The study has analyzed a set of 
relevant criteria to evaluate a supplier within the high-tech industry within a specific context. 
Furthermore, the study has determined whether differences exist between the importance of the 
criteria depending on the strategic profile of the material. The strategic profile depends on the profit 
impact and the supply risk of the material. In order to assess the importance weights of the criteria, 
the analytical hierarchy process (AHP) was used and interviews were conducted with purchasing 
experts in the industry. This study provides a new approach to the existing literature of supplier 
selection, by studying this process in an industry in which it has never been done and also by 
assessing the supplier selection by categorizing the materials by their strategic profile, an approach 
that has not been studied in literature until the moment. 

Results show that the importance of some of the supplier selection criteria vary widely between the 
strategic profile of the materials, while the importance of other criteria remain the same. In addition, 
the study has also determined that the importance of the criteria vary also within the supplier 
selection process, having different importance levels at different steps. Finally, the results show 
that some criteria of a certain criticality represent a go-no go gate in the selection process.  

The conclusions are that the supplier selection process within the battery industry cannot be 
regarded as a homogenous process and that supplier selection criteria vary with the strategic 
importance of the material. Thus, suppliers must be assessed with different criteria importance 
weights when using a tool such as the AHP to perform supplier selection. Additionally, the critical 
criteria for each material must be determined prior to use the tool.  

Key-words 
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SAMMANFATTNING 

Politiker och konsumenter ställer allt högre krav på industrin att genomföra åtgärder för att bli mer 
hållbara, exempelvis genom att minska utsläpp av giftiga ämnen och växthusgaser samt ett mer 
effektivt resursanvändande. 

Transportsektorn och bilindustrin är särskilt utpekade inom miljödebatten på grund av deras höga 
miljöpåverkan och stora mängder av utsläpp. Biltillverkarna drivs därför mot en industriell 
omvandling där förnybara bränslen ska ersätta fossila bränslen. Övergången till eldrivna fordon är 
en långsam och komplicerad process där flödeskedjan för effektiv tillverkning av bilbatterier 
fortfarande är under utveckling. Tillgången på vissa råmaterial som behövs för produktionen av 
batterier räcker inte för att mätta efterfrågan vilket drar upp prisnivån. Samtidigt etablerar sig många 
nya leverantörer av råmaterial vars varierande kvalitet och pålitlighet skapar ytterligare utmaningar 
hos batteritillverkarna. 

Studien behandlar urvalsprocessen vid inköp av material hos en svensk litium-jonbatteritillverkare 
med kunder främst inom bilindustrin. Urvalskriterier för att utvärdera leverantörer inom 
högteknologisk industri analyserats. Därtill har det utretts om skillnader existerar mellan kriteriernas 
betydelse beroende på råvarornas strategiska profil. Den strategiska profilen beräknas genom 
dess påverkan på produktens slutkostnad tillsammans med risken för avbrott i försörjningskedjan. 
Metoden Analytic Hierarchy Process (AHP) används för att bedöma dessa kriteriers betydelse. 
Därtill har intervjuer genomförts med branch-experter för att ge fördjupad insikt i kriteriernas 
betydelse. Studien ger två huvudsakliga bidrag till den akademiska litteraturen. Först och främst 
utvärderas urvalskriterierna, som identifierats i litteraturstudien, inom en industrisektor där de inte 
prövats tidigare. Urvalskriterierna för leverantörsval appliceras dessutom specifikt för råmaterial av 
olika strategisk profil för att studera i vilken utsträckning de skiljer sig åt. Även denna ansats är 
tidigare oprövad inom den akademiska litteraturen.   

Resultaten visar att vikten av vissa kriterier varierar i hög utsträckning mellan material av olika 
strategisk profil, medan andra kriterier är näst intill opåverkade. Studien har dessutom fastställt att 
betydelsen av vissa kriterier varierar mellan olika steg i urvalsprocessen. Somliga kriterier 
representerar en kritisk punkt i urvalsprocessen och utesluter de leverantörer som inte kan leverera 
upp till en miniminivå. 

Studiens slutsas är att urvalsprocessen vid val av leverantör inom batteribranschen inte kan ses 
som en homogen process då urvalskriterierna varierar med materialets strategiska betydelse. 
Råmaterialens strategiska profil måste alltså tas i beaktning vid användning av ett urvalsverktyg 
som AHP. De kritiska kriterier som leverantören måste leva upp till måste dessutom fastställas 
innan verktyget kan tas i bruk. 

Nyckelord 

Analytical Hierarchy Process, Supplier selection, Purchasing, Lithium-ion batteries 
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NOMENCLATURE: ABBREVIATIONS 

AHP: analytical hierarchy process 

ANP: analytical network process 

BEV: battery electric vehicles 

CBR: case-based reasoning 

CCS: carbon dioxide capture and storage 

CO2: carbon dioxide 

COGS: cost of goods sold 

CSS: combined supplier score 

DEA: data envelopment analysis 

DMU: decision-making unit 

EV: electric vehicle 

FST: fuzzy set theory 

GMM: geometric mean method 

GP: goal programming 

GRA: gray relational analysis 

MCDM: multi-criteria decision making 

NN: natural networks 

PHEV: pluggable hybrid electric vehicle 

R&D: research and development 

SCM: supply chain management 

SCRM: supply chain risk management 

SMART: simple multi-attribute rating technique 

TCO: total cost of ownership 

TCO: total cost of ownership 

WAMM: weighted average mean method 
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1. INTRODUCTION 

This chapter provides the background needed to understand the context of the 

study, states the problem which motivated the research and other issues as the 

scope, delimitations and sustainability impact of the thesis are covered within the 

chapter. 

1.1 BACKGROUND 

1.1.1 GLOBAL SHIFT IN ENERGY SOURCES  

Climate change is one of the biggest issues society is facing nowadays and of 

which the concern has been rising widely along with the society during the past 

decades. The reason of climate change is the variation of the amount of 

greenhouse gases and other contaminants, mostly a caused by human activities, 

of which the biggest impacting one is the burning of fossil fuels, such as oil and 

coal, which releases carbon dioxide gas to the atmosphere. (Intergovernmental 

Panel on Climate Change, 2013) 

The climate change means that characteristics of the atmosphere change by the 

alteration equilibrium between the incoming and outgoing infrared radiation, 

altering the energy balance of the Earth, what could lead to a warming or cooling 

of the whole climate system (Intergovernmental Panel on Climate Change, 2013). 

CO2 emissions regarding electricity and heat production, agriculture, industry 

and transport represented c.85% of total emissions in 2010 (IPCC, 2014), as they 

are the main human activities in which fossil fuels are burned. In order to assess 

the mitigation of global emissions different measures are being conceived, as 

shifting towards the use of renewable energy sources in electricity production 

instead of fossil fuels as coal or petrol, development of carbon dioxide capture 

and storage (CCS) in energy and industry sectors and the electrification of 

transport by the growth of the presence of electric and hybrid vehicles. 

Transport is considered as one of the main drivers of the shift, as 27% of the final 

energy usage is allocated in this industry and direct emissions accounted for the 

14% of the total carbon dioxide emissions in 2010. In order to contain and reduce 

the emissions coming from the transport of passengers and freight, the increase 

in efficiency and the electrification of vehicles are necessary. For the former, 

continuous improvement in engineering is taken for granted and assumed, for the 

latter, the focus is put on road transport as it represents c.72% of the total 

transport emissions and is where electrification can have the biggest growth. 
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Electric transport fits better for short distance transport, where road and rail 

transport are the main means; out of them the rail transport is already mostly 

electrified even for long distances, and for road transport, nowadays a lot of 

municipalities are already using electric buses, but for personal cars that the 

acceptance rate has not yet been landed (IPCC). 

The increase in the use of electric vehicles could be crucial to reduce emissions, 

but it still has important challenges to tackle before succeeding as an actual 

alternative to traditional fuel-combusted vehicles. 

1.1.2 CHALLENGES FOR THE SUCCESS OF EV 

The transition towards renewable energy sources of the automotive industry has 

been a topic for both scientific research and the public debate for at least the last 

decade. Much advancements have been done and car manufacturers constantly 

increase their product portfolio with cars powered fully or partially by batteries 

(Hertzke et al., 2018). With that said, the demand side of the automotive industry 

looks bright regarding electric alternatives. However, the supply of electric cars 

still faces some crucial challenges to completely transform the automotive 

industry.  

Historically electrical automobiles and the technological trajectory for electrically 

driven drivelines had a significantly large market share. In 1918 the U.S market 

share for electrical cars was 28% (Sulzberger, 2004). The quick development of 

road infrastructure after World War I demanded vehicles with greater range than 

electric cars and large findings of crude oil lead to a decline of electric cars market 

share with today’s less than 4% globally (Irle, 2019). The future expectancy in 

2050 resembles the market share situation in the early 20th century (Energy 

Information Administration, 2019). 

Consumer products prices is a critical factor for reaching large market 

acceptance. Today’s market has seen mainly a mix of premium and mid-range 

cars. Car manufacturer Tesla is a great example of an electric exclusive brand 

that has reached high popularity as customers stand in line for a custom-made 

car. 

Lithium-ion batteries consist of many raw materials that today have enough 

supply, but some raw materials are considered as in the risk of supply 

disturbances and eventual price volatility. (Olivetti et al., 2017) address the 

potential risks of cobalt both from a supply perspective as well as their impact on 

civil society in developing countries. On a regional level, there is an emphasis on 

sourcing security (European Comission, 2018) emphasize the geographical 
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aspect of raw materials supply. To reach a full-scale secure supply chain regional 

policy maker should have in mind the importance of the support of the industry’s 

supply chain.  

(Weinert et al., 2008) discusses the key factors of EV penetration of the Chinese 

market in the first decade of the 21st century where the main factors were 

improvements of weak battery technology and policy actions towards restricting 

gasoline-driven vehicles. (Ajanovic and Haas, 2016) also emphasizes society’s 

commitment to EV technology’s expansion where Oslo is mentioned as an 

optimal city for EV ownership as policymakers invest in both logistic issues 

regarding charging stations as well as subsidies for consumer cost reduction of 

EV ownership. (Densing, Turton and Bäuml, 2012) also emphasizes the 

importance of combining important key factors such as: 

− Lowering battery cost 

− Maintaining low electricity prices 

− Strengthening raw materials supply 

− Improving EV battery technology (improving range, energy density, 

weight, etc.) 

− Investing in charging infrastructure 

− Policy (subsidies, taxes, restrictions, etc.) 

− Focus on alternative EV types (buses, bikes, etc.) 

1.1.3 SUPPLY OF RAW MATERIALS FOR BATTERIES 

Out of the different kind of batteries available, lithium-ion batteries are the ones 

considered to be the fastest growing type and the expected kind of battery that is 

going to be used soon (Lundgren, 2015; Pillot, 2015). This consideration is based 

on the good performance of lithium-ion batteries in power and energy output 

terms, as their ratio of energy and power related to the size and weight is the best 

compared to another kind of batteries ratio (Olivetti et al., 2017). Currently, this 

kind of batteries are mainly used for consumer electronics, but its development 

has made them suitable for its use electric vehicles, especially with the increasing 

popularity of plug-in hybrid electric vehicles and battery electric vehicles (Egbue 

and Long, 2015). 

The main bottleneck for the fulfilment of the demand of electrified cars in the 

market is the production of lithium-ion batteries, which is the critical step in the 

value chain for the success of the growth of the share of electric vehicles within 

the global mobility. The bottleneck happens because raw material suppliers’ 
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capacity is not growing at the same speed as one of the batteries and car 

manufacturers. Right now, the issue is not so big, but it is forecasted to gain 

importance due to the increasing demand for electric vehicles happening 

nowadays.  

In order to cope with the issue of not having enough raw materials for producing 

the batteries required to fulfil the market demand, battery producers must secure 

the supply of all the materials necessary for the manufacturing of the batteries. 

For doing so, they must select the right suppliers and make the right deals with 

them in order to be capable of matching the supply and demand in this critical 

value chain for the next years. 

There are many raw materials to be used in the manufacturing of lithium-ion 

batteries, and each of them has completely different characteristics in terms of 

supply chain and the importance they have in the cost of the battery. Some of the 

materials present supply issues as nickel or graphite, while the supply of other 

materials like the mechanical parts (tape, can, cap, etc.) does not raise any 

possible issue over the foreseeable future. The same happens with the impact of 

the materials in the cost, as some items such as lithium have a great impact in 

the overall price of the battery, and others’ impact like the one coming from the 

electrolyte is much more reduced. 

This situation is the one that motivated the research question, as it leads to the 

understanding that every right material supply presents different situations, what 

means that the selection of the supplier of the different raw materials should be 

assessed in a different manner and the variables are taken into account in the 

decision making process may vary itself, or the importance they have in the 

decision. 

1.2 PROBLEM FORMULATION 

Electric mobility is demanded by society and policymakers as a fossil-free future 

is one of the main sustainability issues of our time following two main problems 

caused by the automotive industry, oil reserves depletion and climate change 

provoked by greenhouse gases emissions. For the shift in mobility to successfully 

happen, battery electric vehicles must stop being a niche product and become a 

competitive to market’s alternatives, that are mostly internal combustion vehicles. 

Of course, decrease private car ownership and using more car-pooling and 

shared transport services are also discussable factors, but we focus mainly on 

the transition from combustion engines to electric engines.  
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In order for this goal to be achieved, a robust supply chain of raw materials need 

to be established, which is a big challenge for many producers, due to the rapidly 

growing demand of batteries and the short list of suppliers able to supply with the 

raw materials whose quality is apt for the use for lithium-ion batteries. Thus, the 

supplier selection problem is highly present as new products are in fast 

development and a range highly important criteria have to evaluate such as 

quality, lead time, cost, compatibility, and many more.   

Supply chain risk can be classified into four dimensions according to (Zsidisin, 

2009): disruption to the supply of goods or services, price volatility, quality and 

reputation of the firm. Within this study, the most important criteria defined when 

selecting suppliers within this industry will be discussed and discussed within the 

context of supply chain risk as defined by Zsidisin (2009).  

One of the main obstacles for the diffusion of the BEV technology is the price of 

lithium-ion batteries, as it represents c.25% of the price of the BEVs. However, it 

is commonly accepted that if the cost of batteries shrinks under below $150/kWh, 

the BEVs would be cost-competitive to the internal combustion vehicles. For this 

to happen, big producers will have to take advantage of economies of scale by 

producing high quantities of batteries, technology improvements should occur, 

and raw materials’ prices should stay stable and even decrease (Nykvist and 

Nilsson, 2015). 

There are many relevant factors important to highlight when assessing and 

selecting suppliers within the supply chain of BEV. Price, as stated previously, is 

one of the main impediments for the BEV to be price competitive with the other 

options in the market, as the internal combustion engines, hybrid electric vehicles 

or fuel cells. However, there are other variables limiting the expansion of the 

adoption of BEVs, like the current lack of recharging infrastructure in most of the 

countries, the distance the BEVs can travel with a single charge and the safety 

perceived by the users. 

When assessing lithium-ion battery suppliers, raw materials represent the main 

point of interest among all the battery costs, as they mean between the 70-80% 

of the whole cost of the batteries (Brodd and Helou, 2013; Olivetti et al., 2016). 

Understanding the main criteria of the key raw materials is fundamental in order 

understand which variables could impact secure the long-term supply of the 

critical raw materials of the battery cells and affect the competitivity of BEVs in 

the transportation market. There is much theory on long-term relationship building 

and strategic alliances. At an early stage of the development of strategically 

sustainable supply chains within the fast-growing li-ion industry for BEV we 

propose to implement the Analytical Hierarchy Process (AHP) as an Multi-Criteria 
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Decision Making (MCDM) method to evaluate a broad set of possible suppliers 

and looking in detail at which criteria that fit for a possible key supplier. This to 

give an indication on which suppliers to invest in and eventually develop strategic 

partnerships with. As well as understanding which types of criteria are of the 

highest importance to which type of raw materials to make a more efficient 

supplier assessment and selection process.  The AHP is a methodology has been 

widely used and accepted for assessing the supplier selection problem. 

Examples exists of the method being studied for cases in different industries, as 

the automotive industry (Dweiri et al., 2016), the fashion industry (Chan and 

Chan, 2010) or the semiconductor industry (Chan and Chan, 2004). However, no 

research has been done yet for the supplier selection of the materials needed in 

the lithium-ion battery industry. Only some studies show relationship with the 

supplier selection in this industry,  Wang, Cheng and Huang (2009) presented a 

hierarchical method to select suppliers for the IC of the batteries but not for the 

main materials used, or the study presented by  Reuter (2016) assessing the 

sustainability during the supplier selection process of the lithium-ion battery 

industry. However, the later did only analyze the sustainability and not the criteria 

for the supplier selection. In that sense, this study provides a framework to assess 

the supplier selection criteria in one of the most challenging industries nowadays.  

A set of raw materials from three raw material clusters according to the Kraljic 

matrix for the strategic importance of raw materials will be assessed (Kraljic, 

1983). Non-critical items, bottleneck items and strategic items will be evaluated 

to see if the supplier selection criteria weights vary between these clusters. The 

study provides an extension for this framework, by showing the differences in 

importance of the criteria considered to select a supplier, depending where the 

material is positioned in the matrix. Research has been done to understand how 

do the importance of criteria differ based on different material categories. 

However, Lehmann and O’Shaughnessy (1974), Evans (1981) and Wilson (2006) 

categorized the product depending on the problems associated with that product, 

while this study classifies the products according to its strategic importance for 

the company. 

1.3 OBJECTIVE AND RESEARCH QUESTION 

The objective of this study is to develop a framework to present and discuss the 

criteria for supplier selection for the different types of raw materials according to 

their supply specifications within the BEV industry. This will be done using the 

methodology of the Analytic Hierarchy Process. The results should indicate 

whether the importance of the criteria for selecting the suppliers of materials with 

different strategic profiles vary between them. 
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The research questions are:  

- Which are the most important criteria and sub-criteria for 

assessing/selecting suppliers within the Li-ion battery industry? 

- Does the importance of the supplier selection criteria differ 

depending on the strategic importance of the material? 

1.4 SCOPE OF THE THESIS  

The scope of the thesis is focusing on the supplier selection of raw materials 

needed for the manufacturing in Europe of lithium-ion batteries used in the 

production of electric vehicles. The scope will encompass the criteria associated 

with the supplier selection process using one of the most common Multi-Criteria 

Decision Making (MCDM) methods called the Analytic Hierarchy Process (AHP). 

Three different raw material clusters; non-critical items, bottleneck items and 

strategic items.  

1.5 DELIMITATIONS 

When conducting this study, we have limited solely to work within the purchasing 

department of a Li-ion battery manufacturer in Sweden. Although the supply chain 

is global to a large extent, the understanding of the raw material sourced by the 

firm is based within Sweden. As the research method using AHP is case/object 

specific, we highlight that only people based within the firm have relevance for 

developing the criteria and their ranking. This fact limits the replicability of the 

findings, as a short sample was considered for the surveys and interviews. 

However, this problem cannot be easily addressed at the moment as there are 

no massive producers of lithium-ion batteries in Europe yet, so in order to 

generate a bigger sample of people to input the model, time should pass until the 

European battery market grows and thus the number of experts involved in 

purchasing its materials.  

It must be said, that due to this constraint the finding of this study should be taken 

as valid for this case, and some insights may be applicable also to other cases, 

but that cannot be assured. 

1.6 SUSTAINABILITY 

This study aims to contribute to sustainability by providing a framework that will 

help the Li-ion battery manufacturers to better select their raw material suppliers. 
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By doing so, they will be able to provide society with the batteries needed to have 

electric mobility, reducing the environmental impact and resources depletion. 

In order to achieve a sustainable society in the near future, the United Nations 

determined 17 sustainable development goals in its 2030 Agenda for Sustainable 

Development. These goals provide the guidelines to tackle the main sustainability 

issues, like poverty, inequality, climate change and economic growth. This 

research conducted aims to have an impact in the 7th, 12th and 13th. (Official 

Records of the UN General Assembly, 2015) 

The 7th goal is “Affordable and clean energy”, for what the energy shift is totally 

necessary, and is based on renewable energy production and electric mobility. 

This study aims to provide a framework to ensure the stability of battery 

manufacturing over time by the selection of the right supplier, which will contribute 

to the successful shift towards electric mobility. 

The 12th goal is “Responsible consumption and production”. One of the less 

sustainable consumptions patterns is the one happening with fossil fuels. These 

materials take thousands of years to be created and we are exploiting the 

reserves at a high pace, much higher than the production rate. In order to 

decrease their consumption, electrification of mobility is essential, as road 

transport is one of the main consumption sources of these materials. As stated 

before, by providing the framework developed, shift to electric mobility will be 

easier.  

The 13th goal is “Climate Action”. Transportation is one of the biggest contributors 

to climate change that is now happening due to its high emissions. By reducing 

the number of internal combustion vehicles, the emissions will be radically 

reduced, reducing the impact of transportation in the environment and climate. 

1.7 DISPOSITION 

The report is divided into six chapters: 

Chapter 1: the first chapter introduces the whole study, providing a background 

overview and explaining the problem addressed as well as the objectives and 

limitations of the research. In addition, the impact in sustainability aimed is 

explained. 

Chapter 2: the literature reviewed is explained, divided into the different topics 

addressed. In the end, the theoretical framework based on the literature analyzed 

is explained. 
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Chapter 3: the methodology followed is explained step by step. 

Chapter 4: the results of the study are exposed and explained. 

Chapter 5: the results are discussed, providing the rationale behind them and 

addressing the contribution to the literature of this study, its limitations and some 

improvement possibilities. 

Chapter 6: the closing chapter aims to provide a whole understanding of the 

study, its motive, methodology and outcome. 
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2.LITERATURE REVIEW 

This chapter shows the findings of the literature review conducted, divided in the 

blocks followed to structure the review. At the end of the chapter, the gap spotted 

in literature is described, as well as the expected contribution to literature and the 

theoretical frame of reference used for the development of the study. 

2.1 SUPPLY CHAIN MANAGEMENT 

Supply Chain consists of all parties involved, directly or indirectly, in fulfilling a 

customer request, including transporters, retailers, warehouses and customers 

apart from manufacturers and suppliers (Chopra, S.; Meindl, 2003). The main 

objective of supply chains is to maximize the value generated, understood as the 

difference between the value of the product to the customer and the costs 

incurred within the whole supply chain to match customers’ demand. 

In order to support the competitive strategy of a company, the supply chain must 

achieve an optimal balance between efficiency and responsiveness, which is 

based on the interaction between the six performance drivers of the supply chain 

shown in Figure 1 (Chopra, S.; Meindl, 2003). These six drivers can be 

categorized into three logistical drivers (facilities, inventory and transportation) 

and three cross-functional drivers (information, sourcing and pricing): 

- Facilities, a physical location where the product is manufactured, stored 

or assembled. Production and storage facilities are the main two types of 

facilities, and the decisions that regard this driver are location, capacity, 

and flexibility, which all have a high impact on the performance of the 

supply chain. 

- Inventory, including raw materials, work in process and finished goods in 

the supply chain. Changes in inventories can affect the responsiveness 

and efficiency of a company, as well as its financial performance, as the 

inventory is classified as an asset within the company. 

- Transportation consists of all the activities involving moving the products 

inside the supply chain and entails the decisions regarding routing and 

modes of transportation between two points inside the chain. 

- Information is the data and its analysis concerning all the parts involved 

in the supply chain, as inventory, facilities, transportation, costs, prices, 

etc. Information is the most important driver of the supply chain’s 

performance, as it directly affects all the other performance drivers. 
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- Sourcing encompasses all the business processes required to purchase 

goods and services. Its main components are the decision between doing 

an activity in-house or outsourcing it, supplier selection and procurement 

of goods and services. 

- Pricing determines the amount that the company will charge to the 

customers for its products or services, what directly impacts on the supply 

and demand balance of the product or service offered. 

 

Figure 1. Performance drivers of the supply chain (Chopra, S.; Meindl, 2003, p.46) 

Managers should take decisions regarding the six drivers explained in order to 

align their supply chain strategy with the company’s overall strategy. Even if the 

most common practice is to decide regarding the drivers to make the supply chain 

strategy match with the overall strategy, sometimes companies must change their 

competitive strategy due to the situation of some of the drivers.  

Current market situation, with companies being every day more global and with 

customers and suppliers spread out all over the world, has made the decision-

making regarding supply chain and its drivers more complex. Globalization has 

brought many opportunities to supply chains but, at the same time, it has 

increased the risks taken. Due to the competitive environment and the growing 

global dimension of the markets, firms have been pushed to become more 

efficient and/or responsive, by outsourcing and offshoring activities such as 
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manufacturing and R&D, move some activities to less developed countries to 

benefit of lower prices, reducing stocks, optimizing supply chain base, and 

collaborate actively with other supply chain players (Fisher, 1997; Hult, Ketchen 

Jr and Slater, 2004). Figure 2 represents an easy-to-find supply chain for a 

consumer good, and it is representative of the number of different actors that take 

part in the supply chain and the trend of atomizing activities in the supply chain 

in order to gain efficiency. The complexity and the big number of players involved 

in nowadays supply chains increases its vulnerability as the number of 

dependences rises which each introduction of a different player.  

 

Figure 2. Example of a modern supply chain (Chopra, S.; Meindl, 2003, p.2) 

In order to maintain a secure supply of the goods and services the market is 

demanding, managers must deal with the complexity of the modern supply chains 

and coordinate all different activities and players among the chain; this is why the 

supply chain management practice has been gaining importance during the past 

decades. Even if there is no consensus about the definition of supply chain 

management in the literature, we have decided to use the definition stated by 

Mentzer et al. (2001). Supply chain management is defined as the systemic, 

strategic coordination of the traditional business functions and the tactics across 

these business functions within a particular company and across businesses 

within the supply chain, for the purposes of improving the long-term performance 

of the individual companies and the supply chain as a whole. 

Rapid growth globally and increasing competition within emerging and existing 

markets has led to outsourcing operations to different suppliers or choosing not 

to integrate parts of the operations because of efficient market mechanisms 

(Wagner and Bode, 2006). These changes have made supply chains more 

efficient and responsive to changes, but at the same time have increased the 

vulnerability of the supply chain and thus have increased the risk of supply 

disruption (Christopher and Lee, 2004). 
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The fact that the evolution of supply chains during recent years has increased its 

vulnerability and supply risk, has brought up the importance of the supply chain 

risk management practice as part of the supply chain management, with supply 

chain risk defined as “variation in the distribution of possible supply chain 

outcomes, their likelihood, and their subjective value” (Jüttner, 2005). 

2.2 SUPPLY CHAIN RISK  

Supply Chain Risk Management is a subfield of the area of supply chain 

management (SCM) that has grown within the academic context during the last 

decades (Kilubi, 2016). The characterizing aspect of this research area is as the 

name suggests: Risk Management within Supply Chain Management. The 

different phases and angles of SCRM are numerous and synthesized and 

compared in various literature reviews and books (Nooraie and Mellat Parast, 

2015).  

Risk sources in the supply chain are the variables not certainly predictable which 

can cause disruptions in the supply chain. Jüttner, (2005) proposed a modification 

of the categories of risk sources proposed in (Mason-Jones and Towill, 1998). 

Mason-Jones and Towill determined that the sources of risk were supply, 

demand, environmental, processing and controlling. However, in the 

categorization proposed by Jüttner (2005), supply, demand and environmental 

risk sources are considered the three risk sources, while the processing and 

control activities are considered as risk amplifiers or absorbers. Other 

categorizations have been done, such as (Christopher and Lee, 2004), and 

(Manuj, Ila ; Mentzer, 2008), whose both studies considered four risk categories: 

supply, demand, operational and security risks. Another accepted classification 

is the one proposed by Ghoshal (1987), where risks are classified within the 

categories of macroeconomic risks, policy risks, competitive risks and resources 

risks. 
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Figure 3. Risk sources by Jüttner (2005), p.123 

This study aims to do a wide analysis of the differences in the sourcing decision 

variables for several materials instead of deeply understanding the variables that 

drive the supplier selection for one specific material. A more complex framework 

as the one proposed by Ghoshal (1987) would be more suitable for developing a 

deep study for one specific material, but a simpler and more generic framework 

as the one proposed by Jüttner (2005) is the better fit for this study, basically due 

to time constraints and the different characteristics of each material to be studied. 

Therefore, we are going to explain more detail the framework proposed by Jüttner 

(2005). 

Environmental risk sources consider any external uncertainties arising from the 

supply chain. Tang and Tomlin (2009) described risks that can be included in this 

category, as rare-but-severe disruption risks (e.g. bacterial contamination, fires, 

etc.), intellectual property risks (e.g. steal of IP from suppliers), behavioral risks 

(e.g. reduction of the visibility in the market due to increase of players), political 

risks (e.g. changes in policies and legislation) and social risks (e.g. loss of 

reputation, changes in the view of what it is acceptable). On the other hand, 

supply and demand uncertainties are considered internal to the supply chain.  

Supply risks refer to the risks related with the inbound flow of materials and the 

ones associated with suppliers and the relationships between the focal company 

and its suppliers, while demand risk encompasses the risks that have to do with 

product demand and the outbound flow of products and services coming from the 

focal company. Supply and demand risks are both internal to the supply chain, 

while the environmental risk is external to it, as it refers to the risk associated with 

issues concerning political, natural or social uncertainties. 
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According to Tang and Tomlin (2009), demand refers to the uncertainty about the 

level of the product’s demand and its evolution over time. This uncertainty can be 

both about the volumes and the mix of where are those volumes required. The 

fact that companies are expanding globally, increases this effect, as added up to 

the uncertainty of how many units of a product are going to be demanded, it is 

the uncertainty of where physically they are going to be demanded by the 

customers. 

As the objective of this study is to define the criteria for selecting the supplier in 

order to better secure the supply of the key raw materials needed for the 

manufacturing of the lithium-ion batteries, the categories defined in (Jüttner, 

2005) will be used as a basis in order to address the different dimensions of the 

criteria to evaluate the suppliers. 

2.2.1 SUPPLY RISK 

Supply risks are all incidents that risk causing damages or losses to one or more 

firms within the supply chain because of one or more kind of disruptions of the 

supply. There is a range of possible causes and characteristics of supply risks; 

ex. risk related to cycle time causing a loss in time if delays to customer, 

management vision risk caused by supply chain managers inability to manage 

supply chain activities, quality problems because of suppliers inability to deliver 

upon promised quality, rise in materials’ prices that could make business activities 

unfeasible, amongst others. From an individual supplier and the whole markets 

perspective, unexpected commodity price/cost increases as one key risk 

assessed by professionals taking part in the study (Zsidisin, 2003). The author's 

definition of supply risk is proposed as:  

“Supply risk is defined as the probability of an incident associated with inbound 

supply from individual supplier failures or the supply market occurring, in which 

its outcomes result in the inability of the purchasing firm to meet customer 

demand or cause threats to customer life and safety.”  (Zsidisin, 2003, p.222) 

Supply risk characteristics have been studied previously and discussion has 

emerged around it. Prior work from Kraljic (1983), Mitchel (1995) and Steele and 

Court (1996) presented different lists of the factors that influence the perception 

of the supply risk, as presented in Table 1. 
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Table 1. Factors affecting supply risk perceptions (Zsidisin, 2003, p.15) 

 

Chopra and Sodhi (2014) classified the different supply risks in nine categories, 

distinguishing between disruptions, a risk with low probability but high impact, 

and recurrent risks, which are delays, systems, forecast, intellectual property, 

procurement, receivables, inventory and capacity. In the study, they analyzed the 

main drivers of all the nine risk categories and different mitigation strategies for 

each of the categories, as well as providing with a set of “what if” question to 

stress-test the risks and understand and prioritize among them.  

A set of indicators for analyzing the supply risk of mineral raw materials is 

proposed in (Rosenau-Tornow et al., 2009). These indicators comprise the 

effects of current supply and demand characteristics as well as the production 

cost of the raw material. The indicators are: 

- Current supply and demand, this indicator comprises the current market 

balance, the stock keeping rate and the producing capacity utilization (in 

the case given the considered mining or refinery utilization). 

- Production costs, referring to the costs incurred during the production of 

the raw material to be analyzed. 

- Geostrategic risk, including the concentration of resources in different 

countries and the risks associated with those countries. 

- Market power and company concentration, analyzing how 

concentrated is the supplier market and how the power is distributed within 

the industry. 

- Supply and demand trends and forecast, related with future market 

capacity, the degree of exploration (measuring the lifetime and the total 
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amount of exploration expenditures in relation with production) and 

investments referred to capital expenditures for new production sources. 

Even if in the supply risks we have analyzed the supply and demand market, 

explanation has to be made, as when categorizing the whole supply chain risks, 

the analysis is for the complete supply chain, while in this section the supply and 

demand analyzed are the ones of the upstream incoming raw materials. 

2.2.2 SUPPLY RISK AND SOURCING 

Sourcing as stated before is one of the key drivers of the performance of a supply 

chain, and it is the driver in charge of tackling the supply risk and reducing it as 

much as possible in order to meet customer demands without supply shortages. 

Sourcing activities have gained importance lately inside companies, due to the 

increased of global supply networks and outsourcing of activities and services. 

This tendency increases the risk of the supply chain, and thus the sourcing 

responsible must cope with the task of selecting the right sources to keep the 

performance and the stability of the supply chain.  

Sourcing decision has been a deeply studied topic in the literature, but it has been 

studied from different points of view. (Yu, Zeng and Zhao, 2009), (Sawik, 2014) 

and (Fang et al., 2013) present mathematical models to decide between different 

supply strategies and capacity allocation in different situations, mainly focusing 

on the debate between single and multiple sourcing in the presence of supply 

disruption risk. 

(Tomlin, 2006), taking a wider point of view, proposed three different strategies 

to manage supply risk: (i) mitigation strategies, in which the firm takes action 

before the risk and incurs the cost of that action disregarding if the risk happens 

or not, like increasing stocks, alternative sources or having separated facilities; 

(ii) contingency strategies, those in which the company takes action only if the 

risk occurs, as buying from a backup supplier; and (iii) passive acceptance, when 

the company takes neither mitigation nor contingency action, as the cost of 

theses action would be higher than the impact of the risk occurring itself.  

(Chopra and Sodhi, 2004), explained three risk/reward relationships in the supply 

chain: (i) cost of serve vs. risk covered, (ii) reserve required for a given level of 

risk covered vs. extent of pooling, and (iii) benefit of pooling reserve vs. risk 

covered. They estate that these relationships must be considered by managers 

when trying to select the best between the four strategies proposed in the study 

for mitigating risk depending on the risk level and the cost of mitigation. 
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Figure 4. Risk mitigation strategies (Chopra and Sodhi, 2004, p.59) 

Kraljic (1983) stated that purchasing must become the new supply chain 

management, due to its impact on business performance. Kraljic (1983) states 

that due to the complexity of new global supply chains, supply stability is being 

jeopardized and companies have to see the purchasing duties as a strategic 

function and no more as an operational function. By choosing the right supply 

strategies, companies will be able to ensure long term availability of raw materials 

and components at a competitive cost by facing in the right manner the risks and 

complexity of the modern supply chains.  

Kraljic (1983) assessed the supply risk mitigation by selecting the right supply 

strategy for different components and raw materials, by clustering the incoming 

materials or components in four clusters depending on: (i) the strategic 

importance of the material, measured by the value added to the product line, the 

percentage in total cost and the impact in profitability, and (ii) the complexity of 

the supply market, driven by the scarcity of the material, the technology pace, the 

substitutes, etc. According to Kraljic (1983), by choosing the correct strategy with 

the supplier according to these variables, companies must be able to reduce the 

risk of supply to acceptable minimums.  

In the same study, a proposed classification of the materials is provided, 

classifying them according to the impact on the company’s profit and the supply 

risk of each specific material. This classification provides four different clusters of 

materials: 

- Non-critical items are the items with both low impacts in profit and supply 

risk. These items are necessary for running company operations and 

activities but do not have an important impact on the profit, like stationery 

products. Commonly, the purchasing strategies regarding the items 



20 
      

included in this cluster focus on increasing the efficiency of the purchases 

and reducing the administrative burden.  

- Leverage items have a high impact on a company’s profitability, but the 

supply risk is reduced, which gives the buyer the power in the relationship 

with the supplier. Buyers leverage this strength to improve the buying 

conditions, typically by reding prices. The dynamics of this kind of 

relationship rely on the abundance of commodified products, of which 

suppliers can be easily substituted by another supplier as what they offer 

do not differ a lot of each other. Buyers should be the concern of not 

pushing the suppliers too hard to reduce their prices to the extent to which 

the could fall into a non-profitable business, as that would increase the risk 

of supply. 

- Bottleneck items are the complete opposite to the leverage items, as its 

supply risk is high while their impact in the profits is low. For bottleneck 

items, suppliers are the one holding the power in the relationships and they 

use it to force buyers to accept unfavourable terms during deal 

negotiations. The relationships with these suppliers are time-consuming 

and demanding, even their impact on profitability is low. Strategies 

regarding the purchase of bottleneck items focus on reducing the supply 

risk and mitigation of its damage, but also some companies look for 

alternative items for bottleneck items that could come from a leverage 

supplier. 

- Strategic items are critical for business’ performance due to their high 

impact on profitability and high supply risk. Few suppliers can provide with 

these goods, and they may act in an oligopolistic way to increase prices 

and gain benefits. However, companies must try to establish efficient and 

predictable supplier relationships to keep running the business. Contracts 

for these items are ad-hoc for each item and concentrate on having 

common gains between the partners in the relationship. 
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Figure 5. Material classification (Kraljic, 1983) 

As each of the material clusters has different characteristics, this classification 

must be done in order to select the most suitable strategy for each kind of material 

and should address the key aspects describe on each of the clusters in order to 

secure the correct performance of the buyer’s business and activities.  

Furthermore, as each of the clusters needs to be addressed by a different 

sourcing strategy, the suppliers to be selected and the attitude of the company 

towards its selection may change. Going back to the research question, this is 

what this study aims to achieve, to know what are the criteria that should drive 

the supplier selection for each of the material clusters proposed by Kraljic (1983) 

and how do they differ from one to another. 

(Elliott-Shircore and Steele, 1985) published a procurement overview in which 

supply risk is termed as the vulnerability of the supply and used with potential and 

tactical dimension in order to determine its significance.  

In order to reduce the supply risk of a network, the right sourcing allocation must 

be done, selecting the right suppliers and the relationships that should be 

established with each of them. 
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2.3 SUPPLIER SELECTION 

According to (Ghodsypour and O’Brien, 1998) supplier selection is a multi-criteria 

problem including both qualitative and quantitative factors. Where the increasing 

trends toward supplier partnership as well as the factors which make this process 

more complicated when for example taking to account supplier’s capacity 

constraints and the buyer’s quality and service limitations. (Kilincci and Onal, 

2011) discusses how the objective of supplier selection breaks down to identify 

suppliers that best fit the firm’s needs. This is done through a comparison of 

supplier capabilities for a set of criteria that reflect the buying firms’ needs. 

Activities within the purchasing department can play a key role within a firm’s 

efficiency since they have a direct effect on optimizing the targeted criteria when 

selecting the right suppliers (Ghodsypour and O’brien, 2001). This is highly 

relevant as raw material costs and the administration of purchasing activities go 

up to 70-80% of the cost of goods sold (COGS) (Weber, Current and Benton, 

1991; Ghobadian et al., 2016).  

2.3.1 SUPPLIER SELECTION METHODS 

(Ho, Xu and Dey, 2010) present an extensive literature review of a variety of the 

most frequent supplier selection and evaluation methods. The methods 

presented are both individual and integrated/hybrid methods. The individual 

methods presented in most prevalence wise order were: 

- Data envelopment analysis (DEA) evaluates the efficiencies of multiple 

decision-making units (DMUs) involving multiple inputs and outputs. The 

DEA measures the relative efficiency of each of the DMUs and compares 

it with the other DMUs. The efficiency is defined as the weighted sum of 

outputs divided by the weighted sum of inputs and weight must be 

assigned. Usually, DEA chooses the weights that give the highest possible 

relative efficiency score to one DMU and keeps the scores of all the other 

DMUs less than or equal to 1 with the same set of weights. For the supplier 

selection, the DEA compares the performances of different suppliers and 

leaves to the manager the decision-making process once he is aware of 

the efficiency of each of the suppliers considered. In this method, the 

factors that evaluate the efficiency of the different suppliers must be 

determined by the management, as they are the dimensions that will drive 

the efficiency of each supplier. (Narasimhan and Talluri, 2001) categorizes 

the efficiency of 35 suppliers to a large firm within the telecom industry on 

the basis of 6 input variables related to supplier capability and 4 output 

variables related to supplier performance. The data assessed for the 
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evaluation is based on a questionnaire/survey sent to the concerned 

suppliers. The evaluation is finally presented in a four-field matrix where 

the suppliers are ranked as high/low performing-efficient/inefficient. 

Results show that the DEA can be used in a simplistic manner to 

categorize supplier efficiency on desired input-output variables. The article 

stresses that different sets of variables should be used depending on the 

desired outcome of the model as well as a strong emphasis on the 

collection of supplier data. (Mohammady Garfamy, 2006) use the DEA on 

the basis of the TCO (total cost of ownership) technique to evaluate 15 

suppliers. The input variables for the evaluation was a pre-defined set of 

criteria based on the TCO; manufacturing cost, quality cost, technology 

cost, after sales service cost and product price. The output variable set to 

optimize was item unit. The data is collected using simulation methodology 

at a hypothetical manufacturing firm. Results show that the DEA can be 

used to assess, and rank suppliers based on the TCO using a quantitative 

approach, although the data for this specific study was simulated.  

Although the DEA traditionally has been a quantitative method used 

to optimize inputs based on quantitative data, some attempts have been 

made to merge qualitative dimensions into the assessment method. For 

example, (Saen, 2006) address the complications of selecting the right 

supplier within the sourcing of technology. The weakness of the DEA 

approach is as discussed by the author the rigid quantitative approach of 

the method. Since the outcome of the method is calculated as a relative 

measure between the input (nominator) and output (denominator) the 

model fails when taking qualitative measures in regard. For example, 

supplier know-how is a fundamental criterion for technology supplier 

selection but cannot be addressed in a quantitative matter. A qualitative 

variable is introduced ranging between 1-5 where 1 is the lowest and 5 is 

the highest score for supplier know-how transfer. Results show that the 

extension of qualitative inputs by the decision maker can prove as a 

powerful tool for addressing the supplier selection problem when some of 

the assessed criteria are non-discretionary.  

As stated in the review above, DEA is mainly a quantitative method 

used to assess observed data with the objective of optimizing the overall 

score of a DMU being evaluated on the input-output factors/criteria. The 

method is regarded as a powerful and objective method and can be 

extended with numerical qualitative measures to assess supplier selection 

problems that fail when only taking quantitative measures in regard. 
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However, when developing criteria and benchmarking criteria DEA is 

preferably used in combination with the AHP.  

- Mathematical programming, in this method a mathematical objective 

function must be set as the goal to be maximized or minimized during the 

supplier selection process (e.g. maximize delivery rates, minimize costs, 

etc.) by choosing the best set of values for the variables involved in the 

decision-making process (e.g. number of suppliers, quantity order to the 

supplier X, mean of transport for the deliveries coming from supplier Y, 

etc.). These models are claimed to be more objective than other models 

as DEA or AHP, but also they leave by the side some important qualitative 

variables, as the confidence perceived from a supplier or the political 

stability in the region where the supplier is located,  by only using 

quantitative data in the model. Also, in order to build a good model, the 

right variables must be defined and selected, and for doing so other 

methods should be applied. AHP could be used to define the most 

important criteria to be considered in the model and its weights. There are 

many different types of mathematical approaches to address the supplier 

selection issue, but the most common ones found in the literature are: (i) 

linear programming, used by (Talluri and Narasimhan, 2004) to evaluate 

different suppliers taking into account performance variability, also (Ng 

,2008) used a linear programming model to create a weighted model with 

the objective of maximize the score of a supplier, similarly to the AHP; (ii) 

integer linear programming were the models used in (Narasimhan and 

Talluri, 2001) and (Hong et al., 2005) to address the supplier selection 

problems in a supplier bidding situation and the selection of the adequate 

number of supplier and capacity allocation, respectively; (iii) integer 

nonlinear programming was used by (Ghodsypour and O’brien, 2001) to 

solve a multi-criteria sourcing problem allocating the products to different 

suppliers to minimize the costs; (iv) goal programming is another 

alternative for the supplier selection process, and was used by (Karpak, 

Kumcu and Kasuganti, 2001) to evaluate a set of suppliers and select the 

ones to be used afterwards, considering three different goals, cost, quality, 

and delivery reliability; and (v) multi-objective programming, where more 

than one objective function is set to be minimized or maximized by 

selecting the right suppliers, as (Wadhwa and Ravindran, 2007) did by 

setting lead time, price and quality rejects as the three functions to be 

optimized by selecting suppliers. Different mathematical models can be 

applied for the selection of the suppliers, and here we have only provided 

an overview of the main methods used in the literature, but the number of 
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different models is infinite and different kind of models can be mixed 

among them in order to create a new approach. 

- Analytic hierarchy process (AHP) is a systematic and analytic approach 

to rank criteria with respect to each other thus leading to a more structured 

comparison of criteria and decision making. In AHP, the buyer only must 

provide a qualitative analysis regarding the importance of the different 

criteria compared to other criteria in order to give the weights for the 

different criteria. After that is done, the suppliers are given scores 

according to that criteria and then a total score for each supplier is 

calculated according to the weights determined in the previous steps. With 

AHP, the difficulty of having to give directly the score points to each 

criterion and the performance scores as in linear weighting models is 

avoided, which makes its implementation much easier. (Akarte et al., 

2016) identifies 18 criteria, ranked using the pairwise comparison on a 1 

to 9 scale, that are developed into a partly automated web-based supplier 

selection method using the feedback obtained from supplier input. AHP 

model and web-based interface provide a fast and efficient supplier 

evaluation system based on criteria developed through reviewing technical 

literature regarding casting technology in combination with discussions 

with the buyer. (Liu and Hai, 2005) modify the traditional criteria ranking 

using pairwise comparisons, instead of using a voting system where 

managers of a firm doing a supplier evaluation voted using a 0-10 scale 

for ranking of criteria. (Muralidharan, 2002) present an AHP based group 

decision-making model, where a series of group activities develop the 

criteria and finally the ranking. The group-based model emphasizes the 

strength in developing and reaching a consensus within the supplier 

selection process as it usually includes and affects a wide range of people 

within the firm. 

- Case-based reasoning (CBR) is a subset of knowledge-based systems 

that uses a cognitive model to describe how people use and reason from 

experience with technology for finding and presenting that experience. 

CBR solves new problems using the knowledge gained from experience 

and encodes basic competence in a corpus of previous problem-solving 

experiences called case-base. This method is incremental as it 

incorporates the new experience to the case-base once the problem is 

solved and makes this new approach available for future problems to be 

solved. The work cycle of CBR could be summarized in four steps: (i) 

retrieve the most cases that are similar to the new case to be solved and 

examine the similarity with it, (ii) reuse those cases to attempt to solve the 



26 
      

problem if the solution may be applicable to the problem, (iii) revise the 

proposed solution and check its validity to solve this new problem, and (iv) 

if the solution is suitable for the new problem, the solution is kept as part 

of the new case solved and incorporate it to the case base. (Choy, Lee 

and Lo, 2002) used a CBR model to evaluating several criteria inside the 

categories of technical capability, quality system, and organizational 

profile, for the supplier selection of a manufacturing company. Same 

authors have done more studies applying this method for the supplier 

selection problem, selecting different evaluating factors for the supplier 

(Choy, Lee and Lo, 2002), (Lee and Choy, 2002) , (Choy, Lee and Lo, 

2003), (Lun Choy, W.B. and Lo, 2004), (Choy et al., 2005). 

- Analytic Network Process (ANP) can be understood as a more 

sophisticated version of the AHP that uses pairwise comparisons between 

the different suppliers, measuring the criteria in terms of its specific unit of 

analysis. As the name quotes, ANP is a network model that demonstrate 

interrelationships between criteria as nodes rather than seeing the criteria 

as separate ranked units at different levels of importance. The ANP also 

supports a feedback system where the evaluated alternatives can affect 

the weighting of the criteria, in opposition to AHP that is a strictly top-down 

analysis structure. (Sarkis and Talluri, 2002) problematize the fact that 

AHP does not account for the interrelations of the criteria and therefore 

uses ANP as a more realistic approach for strategic supplier selection as 

performance metric such as price, quality, time and flexibility affect the 

planning horizon metrics short term and long term and vice versa. The 

planning horizon metrics in their turn affect the organizational factors; 

culture, technology and relationship. The model shows an efficient tool for 

supplier selection with a deeper and more realistic level of analysis than 

traditional qualitative decision-making models as interrelationships 

between clusters of criteria are highlighted. With the same logic and 

discussion problematizing the simplistic construction of AHP (Gencer and 

Gürpinar, 2007) developed an ANP model to four decision making clusters 

containing the criteria are formed showing interrelationships between 

clusters. The developed ANP model shows strength in cases for strategic 

supplier selection or sourcing for a critical raw material.  

- Fuzzy set theory (FST) provides a precise way of modelling the 

preferences and cope with uncertainty measured variables. This method 

gives room for variability when determining the performance scores and 

assigning weights to the importance of the different criteria. Fuzzy number 

sets, as opposed to crisp number sets, define a degree of membership to 
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each element of the set, where a crisp set would assume the same degree 

of membership to all elements and therefore not take account to 

uncertainty. The fuzzy set theory is seen by some practitioners as an 

adequate choice when working with imprecise data, which is often 

occurrent within supplier selection as the decision-making process of 

weighing criteria holds a specific subjective and inaccurate nature 

depending on the view of the decision maker (Zadeh, 1999). (Chen, Lin 

and Huang, 2006) developed a hierarchical decision-making model based 

on linguistic variables that are converted into trapezoidal fuzzy numbers 

that are ranked using the TOPSIS method. The method could handle both 

quantitative and qualitative measures. (Sarkar and Mohapatra, 2006) 

addressed two types of dimensions of suppliers to sustain an efficient 

supply chain, performance and capability. As these characteristics hold a 

certain amount of uncertainty the fuzzy set theory is used to evaluate and 

rank a set of suppliers according to the dimensions that finally are mapped 

in a performance-capability matrix to serve as an aid for a decision maker 

on selecting the best supplier.    

- Simple multi-attribute rating technique (SMART), this approach uses 

both quantitative and qualitative criteria. Rating of the different alternatives 

is assigned directly on a scale in which the criteria is available. The 

advantage of this method is that the rating for the criteria does not depend 

on the rating of the alternatives in the same criteria. For the selection of 

the measures to be used, record exists of scholars using the AHP for 

determining them (Clinton, Webber and Hassell, 2002; Reisinger, Cravens 

and Tell, 2003). The SMART technique was used by (Birgün Barla, 2003) 

to evaluate and select suppliers within the glass manufacturing industry. 

- Genetic algorithm (GA) is a metaheuristic method in which a population 

of candidate solutions for the problem are evolved towards a better 

solution. Each solution compounded with a set of characteristics and 

individuals (in this case different suppliers with different characteristics) is 

evaluated according to some criteria and then the solution is altered in 

several ways, and the ones with the higher objective function value are 

selected and saved. Then those selected are modified again creating a 

new set of different solutions whose values of the objective function are 

evaluated again. This method is an iterative process which ends when a 

certain level of conformity of the value of the objective function is reached 

or after a determined number of iterations have occurred, and at that 

moment the solution saved with the highest value is considered the best 

solution. This method is widely used for the supplier selection, as the 
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metaheuristics are commonly more used to solve complex problems with 

many possible combinations, while the supplier selection decision is 

usually done within a reduced number of candidates after having screened 

supplier benchmark. However, some scholars as (Ding, Benyoucef and 

Xie, 2005) and (Yeh and Chuang, 2011) have proposed solutions for the 

supplier selection in different context basing their models in genetic 

algorithms. Yeh and Chuang (2011) model’s aim is to develop a planning 

model for green supplier selection involving cost, time, quality and green 

appraisal as objective functions. Ding, Benyoucef and Xie (2005) 

developed a model to help the supply chain planner to optimize the 

supplier portfolio by taking uncertainties into consideration. 

The integrated approaches are combinations between the individual methods 

presented before as Integrated AHP approaches, Integrated Fuzzy approaches 

and other approaches. The review doesn’t state any advantages or 

disadvantages of the different methods and all methods are used for supplier 

selection.  

The DEA approach is mentioned as the most popular individual approach 

because of its robustness, although one of the main drawbacks is how easy it is 

for the practitioner to get confused by choosing the input/output criteria. Another 

characteristic of the DEA is the optimization of over-all criteria, rather than using 

weighted criteria, which is also seen as the strength of the DEA. 

As the purpose of this study is to determine which are the criteria that drive the 

supplier selection decision for different kind of materials according to their 

strategic importance for the manufacturer, the quantitative methods (genetic 

algorithms, mathematical programming, data envelopment analysis  and case-

based reasoning) have been discarded as the methods to be used as they do not 

provide insights and understanding about why are the suppliers ranked in a 

specific way and they do not take into account some qualitative criteria that may 

be important when choosing a supplier, as supplier culture, alignment between 

managers, etc. 

Out of the methods that include qualitative analysis (AHP, ANP, FST and 

SMART), ANP and FST have been discarded to be used due to their complexity, 

as if the research would have been oriented to analyze the criteria for the supplier 

selection of one material, they would have been suitable. However, the goal of 

the study is to analyze how the importance of the criteria change in different 

situations, so the use of ANP and FST would have made impossible to finish the 

study on time due to time constraints. Finally, we decided to use the AHP instead 

of the SMART methodology because AHP uses relative weights for the criteria 
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while SMART gives absolute values, an in order to get an understanding of the 

importance of the criteria with deciding, knowing the relative weights is more 

insightful. In addition, AHP was chosen also because it is the most accepted 

methodology for selecting the criteria, and even is used to select the criteria to be 

used in a preliminary phase of other methodologies. 

All papers reviewed critically that use AHP or an integrated AHP approach use 

AHP in the initial phase to set and rank the criteria. For example, (Ha and 

Krishnan, 2008) first use a qualitative approach where the AHP is used to select 

seven criteria out of twelve proposed criteria where data for the remaining criteria 

is calculated using the DEA.  

When discussing criteria and specifically ranking criteria toward each with a 

qualitative basis the AHP is dominant. As this study is a qualitative case study 

focusing on developing a set of criteria and discussing the difference of the 

weights between raw materials of different strategic importance the AHP is the 

approach more suitable for providing an answer for the research questions 

proposed. 

2.4 THE ANALYTIC HIERARCHY PROCESS 

The AHP is a method for Multi-Criteria Decision Making/Assessment (MCDM/ 

MCDA) further on stated as MCDM or MCDA, developed and presented by 

Thomas L. Saaty in the ’80s (Saaty, 1980). The method is at its core a systematic 

and analytic approach to define and rank criteria with respect to each other thus 

leading to a more structured comparison of criteria and decision making. As 

proposed by (Vaidya and Kumar, 2006), the AHP consists of the following steps: 

1. State the problem. 

2. Broaden the objective of the problem or consider all actors, objectives and 

outcome. 

3. Identify the criteria that influence behaviour. 

4. Structure the problem in a hierarchy of different levels constituting goal, 

criteria, sub-criteria and alternatives. 

5. Compare each element in the corresponding level. Pairwise comparison 

of criteria. 

6. Perform calculations to find the maximum eigenvalue, consistency index, 

consistency ratio, and normalized values for each criterion. 
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7. If the consistency ratio is satisfactory then a decision can be based on the 

normalized values done in step 5. Otherwise, step 5 must be repeated until 

a satisfactory consistency ratio is found within step 6. 

 

 

Figure 6. Graphic AHP representation (Deng et al., 2014, p.164) 

As presented within the review on AHP applications by (Timor and Sipahi, 2010) 

the AHP has been used in a wide range of applications with different objectives, 

such as supplier selection (Lee et al., 2009) use an AHP hybrid model for green 

production supplier selection within the high-tech industry in Taiwan, evaluation 

(Hummel et al., 2006) use the AHP to support the evaluation of two treatment 

options for patients with tetraplegia, benefit-cost analysis (Ayag, 2005) evaluate 

benefit/cost of different designs for new product development for high-tech 

industries, priority and ranking (Valente and Vettorazzi, 2008) use the AHP to 

define criteria and weights for priority areas within forest conservation in Brazil. 

Industries using the AHP within academia also come in a wide range of 

categories such as; Manufacturing Industry (Liu and Hai, 2005) present a novel 

a six-step AHP where voting is combined with weighing to rank the criteria, 

Transport (Tsai and Su, 2005) use the AHP to identify political risks for projects 

within five South East Asian ports, Power and Energy Industry (Shin, Yoo and 

Kwak, 2007) evaluate the national nuclear research projects in South Korea, 

Healthcare (Hsu, Wu and Li, 2008) select medical disposal companies for a 

hospital using the AHP, Construction Industry (Ai Lin Teo and Yean Yng Ling, 

2006) assess a construction firms safety index for tools in Singapore, to name a 

few of the articles reviewed. The review presented 232 out of 600 articles related 
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to AHP and ANP from 2005 to 2009 where the 76 articles assessed the 

manufacturing industry with a majority on supplier selection.  

(Vaidya and Kumar, 2006) also present an extensive review over AHP 

applications assessing 150 and critically reviewing 27 papers where selection, 

evaluation and decision making are the most frequent application themes and 

personal, engineering, social and manufacturer are the most frequent areas. The 

authors discuss four main findings: 

1. AHP is going to be widely used for decision making. 

2. The use of AHP is increasing quickly in emerging markets such as India 

and China mainly because of their fast economic growth.  

3. Focus within established AHP regions such as the US seem to be within 

hybrid versions of the AHP strengthening the versatility of the AHP method 

and the facility of combining it with other complementing techniques. 

4. The use of software to use the AHP will be more frequent for the complex 

issues that occur while using AHP combined with other techniques in real 

life situations.  

With the presentation and discussion of the two literature reviews in mind, we 

can, therefore, argue that the AHP is an established method for supplier 

assessment with the goal of supplier selection.   

As discussed by Saaty (1980), one of the main findings done by using the AHP 

is systematically mapping the criteria and addressing sub-criteria to each primary 

criterion. One objective of the tool is to methodically get to the root of the problem 

by describing it in such great detail as relevant. As the criteria map out during the 

process of creating the AHP for the specific problem the decision maker can 

reflect around its relevance and finally address the magnitude of each criterion 

and sub-criteria to evaluate the criticality of each criterion by pairwise 

comparison. Pairwise comparison is a simple but powerful tool as all decision 

making in at its core comes to ranking and comparing different alternatives and 

criteria (Saaty, 1980).  

(Dweiri et al., 2016) develop a simplistic AHP tool assessing the supplier selection 

problem within automotive producers in Pakistan. They use an original by-the-

book AHP approach to assess the fast-growing and highly heterogeneous 

automotive industry in Pakistan. A set of criteria is defined within the literature 

review and then industry experts are asked to define the sub-criterion. Following, 

the criteria and sub-criteria are ranked through surveys to a number of firms within 

the automotive industry. From the surveys, the mean value of the answers is used 
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as the final weighing of the pre-defined criteria assessing three local suppliers. 

Finally, a sensitivity analysis is done to show how the ranking of the criteria shows 

changes of the weight with respect to other criteria.  

(Ishizaka and Labib, 2011) present a detailed description of the main 

developments of the AHP since it is an introduction in the ’70s until 2011. The 

article presents a detailed description of  

We argue that the simplistic approach of AHP can be a suitable approach, as 

discussed within previous findings using the AHP in this literature review, as the 

main objective of this study is to develop a set of criteria and discuss the weights 

of them within the industry context at the present time period mainly as a tool for 

insight and supplier evaluation. The criteria determined will be discussed within 

the industry context at the specific time period and are good enough to be 

assessed using any MCDM for supplier selection method. 

2.4.1 EXTENSIONS OF THE AHP 

There are many extensions or hybrid models of the AHP as it is a very popular 

approach but is argued to have it is weaknesses within certain contexts. (Ho, Xu 

and Dey, 2010) present an extensive literature review of a wide variety of 

applications/extensions of the AHP for supplier selection.  

(Ramanathan, 2007) use a combination of DEA, TCO (Total cost of ownership) 

and AHP to provide a better performing supplier selection tool as the methods 

used in combination identify better important suppliers than used individually. 

(Saen, 2006) propose a combination of DEA and AHP as a supplier selection tool 

to strengthen a firm's supply chain management. As emphasized by the author, 

suppliers are not always homogeneous where all suppliers should be assessed 

using the same criteria. The proposed method provides a tool for assessing non-

homogenous suppliers. (Ha and Krishnan, 2008) developed a supplier selection 

tool where qualitative data are evaluated using AHP, and quantitative data using 

DEA and NN (Neural Networks). The data can then be processed into a CSS 

(Combined Supplier Score) and segmented using cluster analysis presented in a 

supplier map where the purchaser can select either a single sourcing or multiple 

sourcing options according to preferred supplier qualities. The mapping of 

suppliers according to the dimensions of the segments as well as qualitative and 

quantitative scores provide a strong and detailed tool for assessing many 

suppliers at the same time.  

(Çebi and Bayraktar, 2003) present an integrated AHP model assessing 14 

criteria combined with GP (Goal Programming) to optimize four objectives; quality 
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maximization, late order percentage minimization, purchasing cost minimization 

and utilization maximization. (Mendoza, Santiago and Ravindran, 2008) 

presented a three-phase supplier selection model where possible suppliers are 

first screened and filtered to a manageable number, following the suppliers are 

evaluated using the AHP method and finally the suppliers are evaluated using 

GP to optimize the suppliers to a set of objectives.  

When assessing the supplier selection problem considering both qualitative and 

quantitative data (Yang and Chen, 2006) proposed the use of a combination of 

AHP together with GRA (Gray Relational Analysis). First, the selection criteria 

and weightings were done using the AHP following a GRA to evaluate a set of 

quantitative data provided by the suppliers in order to rank suppliers according to 

the weights from the AHP.  

(Mendoza and Ventura, 2006) present a two-stage supplier selection method, 

where in the first stage the AHP is used to reduce suppliers to an addressable 

amount, as well as to rank them. In the second stage, the mixed integer nonlinear 

programming method is used to determine the right order quantity and size to 

each selected supplier. 

(Xia and Wu, 2007) combine the AHP together with multi-objective programming. 

The suppliers are first evaluated using the AHP to calculate the performance 

scores of the suppliers. Finally, a set of five constraints; capacity, discount, 

demand, quality and delivery are optimized to select the right suppliers as well as 

the optimal number of suppliers to fulfil the constraints. 

2.4.2 SUPPLIER SELECTION CRITERIA 

As discussed at the beginning of the chapter, one of the main obstacles of the 

AHP is defining a robust and relevant set of criteria. Supplier selection can be 

seen both as a quantitative process and as a qualitative and subjective process 

where criteria are decided by a group of experts. (Russo and Camanho, 2015) 

present in their review of 33 articles in which 17 articles base their criteria on 

literature, 12 on criteria defined as relevant for the organization and 4 based on 

external expert contribution. Although only in 6 of the presented articles the 

literature review is solely considered for the criteria selection. In 22 cases the 

criteria are defined solely by experts within the organization or as a combination 

of internal experts and literature. 

(Kilincci and Onal, 2011) combine a literature review for criteria within the white 

goods industry complemented and validated by an expert within the Production 

Planning Department of the host company by first discussing all the possible 



34 
      

criteria that could affect a supplier selection process. The literature review was 

also presented to the expert to discuss criteria found within the literature. Finally, 

a set of three main criteria with sub-criteria was defined by combining the 

literature review and the attributes determined by the expert. (Ngai and Chan, 

2005) develop an AHP model for selecting a knowledge management tool where 

the selection of the Knowledge Management System is the objective and a set of 

criteria consisting of three main criteria; cost, functionality and vendor are at the 

second level each with a set of sub-criteria. The criteria were developed by first 

discussing the KMS tools with four industry experts, following the features of the 

KM tools from different vendors were studied as well as a literature review to 

discuss the criteria. Finally, the criteria were validated by the firms CKO in charge 

of the firms KM program. (Chang, Wu and Chen, 2008) use the Modified Delphi 

method where results from an extensive literature review accompanied by 

feedback from anonymous experts iterate to a final set of criteria in the last step 

of the Delphi Method when consensus is achieved.  

(Kahraman, Cebeci and Ulukan, 2003) proposed a set of four criteria blocks in 

order to analyze the suppliers by the same criteria to increase the objectivity of 

the analysis. These blocks included cost, product performance, service 

performance and supplier performance criteria. Inside each block several criteria 

were mentioned, relating to the different sub-criteria that form those blocks.  

As there are examples of different approaches combining a literature review and 

experts’ feedback, we suggest the use of this approach as it synchronizes with 

our case study research strategy and the access to industry experts that are 

provided within this study.  

The number of criteria is important to achieve an AHP model that serves its 

purpose without being abundant and in worst case confusing and inefficient. The 

first layer of the AHP is the objective. The average number of criteria within the 

second layer review were 4.76, minimum 2 and maximum 20 criteria. Criteria 

amongst the third layer ranged between 2 to 10. Recommendations by (Saaty, 

2003) are to use maximum 7 criteria or less as an abundance of criteria can cause 

inefficiencies in the decision-making process as increasing elements cause 

increasing random inconsistency. Most reviewed articles had taken this in the 

count.  
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2.5 PROBLEM DEFINITION AND GAP SPOTTING 

Literature exists about which criteria to use to select suppliers, and also about 

how to assess the strategic profile of the different materials involved in a company 

processes. However, there is a gap existing on how how to address supplier 

selection of materials depending on how strategically important they are. We 

address this as a natural and important extension to the literature within the 

context of supplier selection. Mainly because supplier selection is an inevitable 

process when sourcing for raw materials, even in the cases where the supply is 

vertically integrated as even that process will in many cases be done after 

screening a set of suppliers to be acquired.  Within the AHP literature for supplier 

selection, the process is seen as a homogenous process as all suppliers are 

assessed equally by the defined criteria. We argue that suppliers of raw material 

with different strategic importance should be evaluated differently as the same 

weight of criteria cannot be assumed to be a realistic approach. With the same 

logic as the Kraljic matrix is used to define different purchasing strategies to 

different raw material, we argue that different criteria weights should be assigned 

to different raw material when assessing and/or selecting suppliers. 

2.6 EXPECTED CONTRIBUTION 

The study aims to determine whether there is a correlation between the 

importance of the criteria in the supplier selection process and the strategic profile 

of the material to be purchased. If that difference existed, the study would provide 

an understanding of why it is existing and explaining the main reasons behind it. 

Also, the findings should provide knowledge about what are the main decision 

drivers for selecting a supplier in this new industry. This knowledge would be 

really valuable as the supply chain is not mature yet and no much research has 

been done about it. 

In addition, the research wants to open the line of discussion for further studies 

to analyzed individually each of the main types of materials according to their 

strategic profile in order to define accurately the criteria to be considered for 

purchasing each of them. 
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2.7 FRAME OF REFERENCE 

Following the literature review on sourcing of materials, we decide to use the 

classification of materials according to Kraljic (1983) as the model for assessing 

material types and setting purchasing strategies for different material types has 

been widely accepted within both academia and professionals since first 

introduced in 1983. The Kraljic matrix has been selected amongst other 

classification frameworks as it provides a classification of the material into 

different strategic cluster according to two criteria that are the most important 

ones in this industry, as materials are expensive and thus have a high impact in 

the profit and also most of the materials present supply risk issues. Furthermore, 

the framework proposed by Kraljic (1983) has been used in many studies over 

time and its validity has been widely checked, so it can be considered as a mature 

and reliable framework. 

The model used for the supplier selection evaluation process will be a multi-

criteria decision making (MCDM) model due to two reasons: first, because this 

model does not limit the selection to a single criteria, what would limit the integrity 

of the decision by leaving a lot of important factors out of the decision; and 

second, because multi-criteria decision models are the most common decision 

models used in this industry and similar industry, what will boost the impact of the 

outcome of this research in case the findings achieved were meaningful. In case 

we decided to use another model, the findings would only be useful in a 

theoretical way, while if the we use the same model that is used in practice, the 

findings can also be directly applied.  

The MCDM model for supplier assessment/selection will be a simple model of the 

AHP as defined by (Saaty, 1980) as the main object of this study is developing 

the criteria for supplier assessment within the industry context and present time 

characteristics and presenting a qualitative emphasis as well as presenting a 

valid methodology for it. The criteria will be set by using as a starting point the 

criteria proposed in (Kahraman, Cebeci and Ulukan, 2003). 

The criteria proposed by Kahraman, Cebeci and Ulukan (2003) were four criteria, 

each of will cover a set of sub-criteria: 

Supplier criteria 

These criteria evaluate the suitability of the supplier itself, independently of the 

product or services the supplier offers. These criteria evaluate the business of the 

supplier and its characteristics. These criteria have the following set of sub-

criteria: 
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- Financial criterion refers to the financial stability and health of the 

company of the supplier. A good financial position eliminates the risk of 

supply disruption due to bankruptcy or the supplier going out of business 

for economic reasons, as well as it can represent an advantage if new 

investment for capacity expansion or technology improvements is needed. 

- Managerial, as in order to build a strong and good relationship with a 

supplier, the management’s attitude between buyer and supplier must be 

similar and compatible. This fact will enhance the confidence between 

companies and allow long-term commitment that will provide stability. 

- Technical, the technical capabilities and know-how of the supplier are a 

key factor in the high-tech market as the Li-ion batteries. The higher the 

technical capabilities of the supplier are, the most involved they can be in 

the design phase or the more support they can provide when issues surge. 

- Support resources are the functions of the supplier that provide support 

to the product or service as well as to production and delivery. These 

functions include information and technology systems, education 

resources, training, legal teams, etc.   

- Quality systems and processes, considering all the quality manuals of 

the supplier, the reporting routines, standards to which the adjust, control 

procedures, etc.  

- Localization, as it presents advantages or disadvantages depending on 

where the supplier is located, due to risks (political, natural disasters, etc.) 

and influences lead times, taxes and transportation costs, as well as 

influencing the relationships due to culture and language. 

Product performance criteria 

These criteria evaluate the product the supplier is selling considering its usability 

and its technical features. These features depend widely on the product to be 

examined, but most of them can be used for any kind of product. In the framework 

for this study, the criterion “use in manufacturing” will not be included as it is 

suitable for components, and the “other business considerations” criterion will be 

changed to “environmental friendliness” after discussing the criteria with the 

experts. 

- End-use criteria examine the functionality, reliability and quality of the 

product, as well as other specific features as compatibility and durability. 
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- Handling. Refers to the packaging of the product, labelling, the shelf-life 

and the storage requirements. 

- Environment friendliness, considering recyclability, carbon footprint, etc. 

Service performance criteria 

Service performance criteria evaluate the benefits provided by the services of the 

supplier. All purchasing involves different services such as order processing, 

delivery, reclamations, following the order, etc. The sub-criteria to be studied 

when addressing the services are: 

- Customer support. Timeliness, responsiveness and accessibility to 

support and inquiries are services usually required by the customers 

purchasing products. 

- Satisfiers refer to value-added services that are not expected by the 

customer by add value to the purchase. 

- Follow-up of the purchase, by keeping the purchaser informed and verify 

the processes. 

- Professionalism is a fact required by most of the customers and refers to 

the accuracy, attitude and reliability of the supplier during the whole 

purchasing process. 

Cost criteria 

There are several considerations that can be made about cost, but for the 

framework of this study, only the direct costs are going to be considered, including 

purchase price, transportation and taxes. Another cost as operational or 

processing costs will not be considered due to the difficulty of examining them 

and consider them in a supplier selection phase. 

- Purchase price: is the price of the material bought itself. 

- Transport: cost of freight of the material from the supplier to the buyer 

facilities. 

- Taxes include all the cost of taxes and import fees that may surge in the 

purchase of materials. 
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3. METHODOLOGY 

This chapter explains the methodology followed to conduct the study. First the 

research philosophy is exposed. Then the research design and case study are 

explained as an introduction to the most operative sections, the data collection 

and analysis sections. Lastly, the research quality is addressed by it three 

dimensions: validity, reliability and generalizability. 

 

 

Figure 7. The “research onion” (Saunders, Lewis and Thornhill, 2012, p.123) 

 

3.1 RESEARCH PHILOSOPHY  

This subchapter will give a brief introduction to our methodology chapter as well 

as explaining why and how this research has been done as well as why we have 

chosen the specific research design as well as discussing why and how we 

attempt to develop knowledge within the chosen area.   

3.1.1 ONTOLOGY 

Ontology refers to the researchers understanding or assumptions of the nature 

of reality. It is so to say the lenses we see or chose to see our research context. 

Historically two main ontological paradigms have been dominant within social 

sciences, one example is within the research of organizational change where 

researchers long saw resistance within organizations as a damaging force that 
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needed to be eliminated, whereas more recently, researchers have started to 

perceive resistance as a natural reaction to change that can be managed in a 

way that creates leverage for the firm rather than trying to eliminate it (Saunders, 

Lewis and Thornhill, 2012).  

3.1.2 EPISTEMOLOGY 

Epistemology means the consensus between researchers of what is knowledge. 

This links directly to the researchers understanding of data validity and relevant 

methods for collecting data as well as creating a relevant research design 

(Saunders, Lewis and Thornhill, 2012).  

3.1.3 AXIOLOGY 

Axiology means the researchers role and values and how our research reflects 

our personal values (Saunders, Lewis and Thornhill, 2012). For us as thesis 

students this research is highly value-driven as we believe that the cause we are 

working for, to evaluate the risks regarding raw material costs that have a direct 

impact on the sustainability of an emerging industry with a goal to provide a much 

more sustainable alternative to fossil driven engines, specifically within the 

automotive industry. These values have led us as researchers to choose the 

research question as well as focusing on a matter that is crucial to obtaining 

sustainability within the supply chain to offer clean energy engines, providing a 

sustainable profit margin for all operators within the supply chain as well as 

achieving a more ecologically sustainable industry process than its precursors.  

3.1.4 RESEARCHERS’ VIEW - PRAGMATISM 

The nature of this research is typically problem-oriented, and the path of the 

research will be given to fulfil the research questions. As the research questions 

of this thesis are on a detailed level that doesn’t necessarily get affected by 

organizations social context it doesn’t fit to research philosophies such as 

positivism or interpretivism that have different views on specifically the social 

context. Moreover, this research has/needs more flexibility to use a mixed 

methods approach; first, using the AHP methodology to develop the main- and 

sub-criteria is a qualitative process done through workshops and open-ended 

interviews. The full criteria set will then be ranked again to evaluate which criteria 

stays and some criteria may be added at a final stage. Finally, as the research 

questions can be addressed as a quantitative problem modelled by a qualitative 

crisp scale using 1-9 integers to weigh different alternatives.  
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Table 2. Pragmatism and how it relates to ontology, epistemology and axiology (Saunders, Lewis and 

Thornhill, 2012, p.137) 

 

3.2 RESEARCH DESIGN  

As explained by (Creswell and Creswell, 2017) the research design and choice 

of methodology mainly depend on the research question at hand, personal 

preferences/educational background of the researchers as well as to fit 

expectations of the supposed audience. There are three main research 

approaches: quantitative, qualitative and mixed, which are not discretely 

difference. Research can be more qualitative than quantitative or the other way 

around, but research cannot be typically classified purely in one of the categories, 

and this is where mixed approach lays, in the middle in between qualitative and 

quantitative approaches. 

The qualitative research aim is to explore and understand the meaning individuals 

or groups take in a social or human problem. This research approach takes 

emerging questions and procedures, where data is usually collected in the 

participant’s setting, the data analysis goes inductively from particular to general 

topics, and the researchers make interpretations of the meaning of the data 

(Creswell and Creswell, 2017). The qualitative methodology is particularly useful 

when: 

− A concept or phenomenon needs to be explored because of the lack of 

existing research 

− The researcher does not know the most important variables to assess 

− Existing theories do not apply with the sample or group under study 
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Quantitative research focuses on testing objective theories by examining the 

relationships between variables that can be measured so the data can be 

analyzed using statistical techniques. The structure of the study and so of the 

report is less flexible than the qualitative one, consisting of introduction, literature 

and theory, methods, results and discussion (Creswell and Creswell, 2017). 

Quantitative methodology is better adapted to situations when the goal is: 

− Identification of factors that influence an outcome 

− The utility of an intervention 

− Understanding the best predictors of an outcome 

The case study approach can involve both quantitative and qualitative data 

collecting, the integration of both types of data, and using methods that involve 

theoretical framework and philosophical assumptions. The basis of this approach 

is that the combination of both qualitative and quantitative approaches, which 

provides a more complete understanding of the research problem that any of the 

two methods alone. 

Our case study contains both characteristics and criteria for quantitative as well 

as qualitative methodology as will be described more in detail in the following 

chapters.  

3.3 CASE STUDY RESEARCH STRATEGY 

(Farquhar, 2012) describe the case study as a relevant research strategy when 

describing or trying to describe a phenomenon within its natural context. When 

doing research within the business this is normally frequent because of the 

interdisciplinary nature that defines business studies. The case study is generally 

applicable when answering the questions, “why”, “what” and “how”.  

“A case study is an empirical inquiry that investigates a contemporary 

phenomenon in depth and within its real-life context, especially when the 

boundaries between phenomenon and context are not clearly evident.” (Yin, 

2014, p.13). 

When conducting a case study, the researcher may use different sources of data 

and different methods of data collection to describe the interlinkage between 

different factors that describe the phenomena. In this case, data sources were 

academic literature, internal documents, individual interviews, group workshops 

and surveys. As the case study approach holds the risk of being “unscientific” the 

researchers conducting a case study must put a strong emphasis in strategies to 
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enhance validity such as member checking and to strengthen the reliability of the 

research with triangulation of data.   

As the objective of this study is to develop a contemporary set of criteria within 

the purchasing department of a Li-ion battery manufacturer in Sweden at the early 

stages of the industry, the case study research strategy holds an extra relevance 

as the qualitative level of the research is more present than within an established 

firm conducting “business as usual” where more quantitative data exists from 

historical and present activities. Whereas in the contemporary context at the firm 

we are conducting the case study more data should be gathered and analyzed 

through a qualitative approach with a stronger focus on interviews, even though 

some quantitative measures will be done within the methods proposed in the 

literature review. 

3.3.1 CASE SELECTION 

To provide with a relevant research to the introductory chapters as well as 

answering the research questions, the research is done within the Swedish firm 

Northvolt, who is planning to become one of the main battery manufacturers in 

the European BEV industry by offering high quality batteries, and with the aim of 

supplying the greenest battery in the world. The production principles of the 

company are to produce on a big scale, vertically integrate and implement a high 

controlled manufacturing process. 

A case study can be conducted with four main strategies based on two discrete 

dimensions (Yin, 2014): 

● Single case vs. multi-case 

● Holistic case vs. embedded case 

The single case study is relevant when the research is being conducted within a 

very specific are and the multi-case when strategy when researching a 

phenomenon that occurs within many similar contexts. A holistic case study 

strategy is generally conducted when researching the whole organization where 

the embedded strategy suits better when studying a pre-defined number of 

departments. The uniqueness of the phenomena and the level of analysis within 

the organization set the relevance of the strategy.  

This research is being done within a new industry as the mass production of 

batteries for electric vehicles is only recently seeing rapid growth in both sales 

and investment. The firm where the research is being conducted is the only 

manufacturer in Scandinavia as well as being in its early stages as a startup firm. 
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The industry settings together with the level of analysis within the different 

departments of the firm lead to the relevance of conducting an embedded single 

case study.  

3.3.2 RESEARCH PROCESS 

As mentioned in chapter 3.3 the case study research strategy was identified to 

describe the phenomena of different criteria weights for raw materials of different 

strategic importance as the research process utilizes different data types and 

methods for data collection and data analysis.   

The work process of the research is explained here following the case study 

research strategy. Initially, the research question was generated by gap-spotting 

within the literature review as described in chapter 4.3. While conducting the 

literature review as a critical review we found evidence for the need for a new 

framework for systematically assessing the weights of criteria for raw materials 

of different strategic importance. The literature review also consisted of the 

definition of relevant supplier selection criteria for a high-tech manufacturing firm. 

Parallelly to the literature review, a pre-study was done by continuously 

interviewing members of the firms purchasing team to validate the research 

approach and defining the research scope. During the pre-study phase, the AHP 

was discussed within the industry context and it was identified that a combination 

of the AHP together with the Kraljic Matrix that’s could provide for relevant 

research within the industry context.  

After doing the literature review, a pool of several frameworks with different 

criteria was identified. Together with the input of the pre-study interviews, the 

most suitable case framework was selected, and its criteria and sub-criteria were 

considered as the starting point for this part of the study and will be evaluated in 

the next step in order to examine its suitability to this specific industry. 

After the most used criteria and sub-criteria found in the literature were identified, 

we selected the framework more suitable for this project and afterwards sent out 

a survey to different members of the purchasing team of the company in which 

the study was conducted, who have the responsibility of selecting the suppliers.  

The purpose of the survey was to rank different all presented criteria and sub-

criteria. As results came in, we could shortlist relevant criteria and sub-criteria 

within the contemporary industry context and exclusion criteria that the 

purchasing teams’ members saw less importance in.  

When the criteria and sub-criteria had been determined the second round of 

surveys was passed out for pairwise comparison of the criteria and sub-criteria. 
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One survey regarding supplier selection criteria was sent out to members of the 

purchasing department, each responsible for a raw material of a specific strategic 

importance according to the Kraljic Matrix, and a survey for pairwise comparison 

of the sub-criteria was sent out to experts for each are within the company that 

work with that specific raw material. This to get a deeper level of understanding 

of the underlying importance within each main criterion.  

When all answers were collected, the data was synthesized to and quantified 

using the AHP pairwise comparison matrix. The result from this step gave 

weights of all criteria and sub-criteria. Following, the results were discussed and 

validated with each member during an individual interview to correct eventual 

errors and give a qualitative input to the result. Finally, a workshop with all 

participating members was conducted to discuss the results regarding the 

different raw material strategic types and generally to discuss the validity of the 

method within the industry context. 

 

Figure 8. Work process 

3.4 LITERATURE REVIEW 

The first activity to be performed in this study was to conduct a review of the 

relevant literature written regarding the topics to be examined during the study. 

The study of the previous literature allows the researchers to spot the research 

gaps currently existing (Collis and Hussey, 2013) as well as providing a deeper 

understanding of the research fields in which the study will be developed. 

The literature review was divided into two main blocks, one to have the big picture 

and spot the gap in the current literature, and the second one with the aim of 

determining the best way to fill it. The first block was the one considering the 

supply chain and its risks when selecting a supplier, while the second block of 

the literature review focused on methods available to evaluate the possible 

suppliers of raw materials. The review of both literature blocks was conducted at 

the parallel in the latest steps of the research of the first block, so the initial 

findings of the second block could influence or call on the first block to be 

conducted into a specific topic, what made the review more meaningful for the 

study and allow the researchers of having a better picture of both fields and more 

accurate gap spotting. 
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Review’s approach was to include the latest articles regarding the topics studied, 

but also to add the ones that are often cited in the latest articles at their theoretical 

basis, and that made sense for this research. The sources used for the literature 

review were Web of Science, Scopus and Google Scholar. Also, it was 

considered which journal did the articles come from, in order to use the most 

prestigious ones to increase the reliability of the information and thus the reliability 

of this study.  

The first literature review, the one regarding supply chain and its risks and 

supplier selection, was conducted with the aim of understanding the main criteria 

and considerations that must be considered when selecting a raw material 

supplier and why making this decision correctly is important. This part of the 

review lead to the first gap spotting, which was the lack of research regarding the 

variation of the criteria to be considered depending on the strategic profile of the 

raw material to be purchased, which is an important consideration as when 

selecting the supplier for materials whose characteristics in terms on impact in 

the final product and supply constraint, the criteria to be taken into account should 

not, a priori, be the same. 

The second literature review had the goal of determining which would be the best 

methodology to be followed for filling the gap spotted during the first block of the 

literature review. The steps followed in this part were first to study the different 

methodologies for supplier selection that are currently being used, then to select 

the one that better fits the case of this study, which in this case was the analytical 

hierarchy process method. Once the method to be used was determined, a deep 

review of the studies using this method was conducted so to find studies whose 

way of applying the methodology could be apt for assessing the selection of 

suppliers for different raw materials in the Li-ion battery. 

3.5 DATA COLLECTION   

The goal of the data collection is to both get an understanding of present criteria 

within supplier selection and mainly get qualitative data about which criteria are 

relevant within the firm's boundaries at the present time and understanding to 

what extent and why different types of raw materials with different strategic 

importance differ in criteria weighting.  

Primary data will be obtained from interviews and surveys with experts, and it will 

be qualitative data. The pairwise comparison used within the AHP is a 

quantitative method based on qualitative measures, as it is a quantitative 

procedure based on subjective measures. The researchers have chosen 

interviews and surveys as the main technique for collecting the information due 
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to the case study nature of the study. Basing the choice of the methods to be 

used in the data collection phase in the insights provided by (Farquhar, 2012), 

the collection of the quantitative data needed to build the AHP model surveys are 

used a, while for selecting the right criteria to be included and further discuss the 

reasons why those criteria were selected and the differences of importance of the 

criteria within different materials characteristics, interviews and focus groups 

were selected as the technique to be used. 

(Eisenhardt, 1991) estates that the interviewees must be numerous and include 

people who are knowledgeable informants. As the topics to be examined have to 

do with the purchasing of raw materials for Li-ion battery manufacturing the 

interviewees have of natural reasons been limited to people working within the 

firm, at management level and purchasers responsible for different raw material 

types. The number of interviewees initially was decided to take into account the 

recommendation of (Baker and Edwards, 2012), who states that the number of 

experts interview should be more than twelve but no more than twenty, with the 

aim of having enough data to be detailly examined but not as much to be 

overwhelming. However, the number of interviewees available after looking for 

them was less than twelve, they were nine, the experts interviewed to understand 

the topic. The reduced number of interviewees available is because of the scope 

of the study narrows down to the differences in the importance of the criteria for 

supplier selection in the Swedish lithium-ion battery manufacturing market, which 

limits the number of experts to be found. 

First data to be collected was the most used criteria used for the supplier 

selection, and that took part in the literature review explained in the previous 

chapter. Once having a set of different criteria considered in the best-known 

studies of the supplier selection field, we filtered that criteria by eliminating 

duplicates and homogenizing by levels of clusters, as for the AHP different layers 

of criteria should be created. After the literature review and the pre-study 

interviews, the researchers determined together with the purchasing team 

members that the set of criteria that should be used as the starting point was the 

one proposed by (Kahraman, Cebeci and Ulukan, 2003). This set was considered 

as the most complete and clear for addressing the decision of selecting a 

supplier, as it has four clear criteria, each of them including a set of sub-criteria 

that the experts consider that cover all the dimensions to be studied when 

selecting a source or material. 

Once the most used criteria were identified, the next step was to send a survey 

to people in charge of purchasing of materials for Li-ion batteries Northvolt, a 

representative player in the European battery industry. In this survey, the eight 

respondents were asked to evaluate the importance of the different criteria, as 
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done by (Dempsey, 1978). They must give rate the importance of each of the 

criteria between 1 (no importance at all) and 7 (extremely important) for the for 

big cluster criteria (supplier, cost, product performance and service) and for the 

criteria included in those clusters.  

The second round of surveys was conducted as pairwise comparisons between 

all criteria. According to the AHP methodology, all sub-criteria inside each of the 

four main criteria were compared followed by a pair-wise comparison of all main-

criteria. Thus, the survey consists of a set of five pairwise comparison matrices 

(appendix 2). The nine experts of the purchasing team answered the survey, 

being the same respondents of the first survey and a new incorporation.  

The scale used in this second survey is the one proposed by (Saaty, 1980): 

- 1: Equal (the categories are of equal importance) 

- 3: Moderate (one of the categories is slightly more important than the 

other) 

- 5: Strong (one of the categories is strongly favoured over the other) 

- 7: Very strong (one of the categories is strongly favoured over the other, 

and its dominance is demonstrated in practice) 

- 9: Extreme (the difference in importance between the two categories is so 

extreme that the categories are not comparable) 

 

Figure 9. Pairwise comparison example  

First interviews conducted were semi-structured interviews, based on the 

theories of (Silverman, 2006), as their goal was to provide with better overall 

understanding of the topics and provide a deeper level of knowledge regarding 

the different categories and criteria they were asked during the surveys. The 

interviews were conducted with both researchers present. One researcher 

responsible for conducting the interview following the interview guide and the 

other researcher simultaneously transcribing the interview and asking additional 

questions. No interviews were recorded due to confidentiality reasons. Due to the 

exploratory nature of the study, each interview will be based on the knowledge 

provided by the previous ones and some extra criteria can be added if several 

interviewees consider we are missing important criteria to evaluate; nevertheless, 

interviewees could be contacted again if their judgement of an insight identified 
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after interviewing them comes out. The aim of these interviews is to understand 

the rationale behind the answers to the surveys and to provide a better 

understanding of the importance level given to each of the criteria and the 

pairwise comparisons. Nine experts were interviewed during the process, the 

profile of the interviewees in described in Table 3.  

Table 3. Interviews conducted 

Informant Date Purchasing 
expertise 

Time  Type of Interview 

Expert A 29/04/2019 Non-strategic and 
bottleneck materials 

60 min Semi-structured 

Expert B 29/04/2019 Strategic materials 60 min Semi-structured 

Expert C 03/05/2019 Strategic materials 60 min Semi-structured 

Expert D 06/05/2019 Strategic materials 60 min Semi-structured 

Expert E 06/05/2019 Bottleneck materials 60 min Semi-structured 

Expert F 07/05/2019 Non-strategic 
materials 

60 min Semi-structured 

Expert G 08/05/2019 All materials 60 min Semi-structured 

Expert H 08/05/2019 Non-strategic 
materials 

60 min Semi-structured 

Expert I 08/05/2019 Bottleneck and 
strategic materials 

60 min Semi-structured 
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The first-round consisted in semi-structured interviews structured in five different 

blocks, the first of them was focused on validating the classification of the material 

according to the Kraljic matrix and to understand the reasons why that specific 

material is positioned there. The four blocks left were each of them focused on 

the four criteria group (cost, supplier, service, product), having inside them 

general questions and specific questions for each of the sub-criteria that belong 

to each group. In the following table a summary of the interviews conducted is 

exposed, clarifying for each of the groups and sub-groups of the interviews which 

is the main purpose and some example questions. The actual interview guideline 

is shown in Appendix 3.  

Table 4. Interview structure: Kraljic Matrix 

Topic Sub-topic Purpose Questions 

Supply Risk  

 

 

 

● Validate the level of 

supply risk assigned to 

the material 

● Determine the risk 

sources 

● Do you consider the material is 

under supply risk? Why? 

● Does the current supply meet with 

the demand? 

● Is this situation expected to 

change? 

Profit Impact  ● Validate the importance 

of a priori given to the 

profit impact 

● Understand why that 

material is or is not 

important 

● How important is the material you 

are purchasing to produce the 

end product? 

● How much does the material 

impact the cost of the product? 

● Does the material add a lot of 

value to the product? 
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Table 5. Interview structure: Product 

Topic Sub-topic Purpose Questions 

Product General ● Understand how 

important the 

characteristics of the 

product are offered by the 

supplier 

● How important are the 

characteristics of the material you 

are buying when selecting the 

supplier? 

● What are the main variables you 

look at when evaluating the 

material? 

Product End use ● Understand if the end use 

characteristics are 

important and which of 

them are more important 

● Are the end-use characteristics 

(quality, functionality, reliability, 

etc.) the main things considered? 

Product Handling ● Determine to which extent 

the handling of the 

product is considered 

when selecting suppliers 

● Are handling characteristics 

included as variables when 

making the supplier selection? 

Product Environmental 

friendliness 

● Determine to which extent 

the environmental impact 

of the product is 

considered when 

selecting suppliers 

● Do you take into account the 

impact on the environment of the 

product bought? 
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Table 6. Interview structure: Supplier 

Topic Sub-topic Purpose Questions 

Supplier  General 

 

● Determine the level of the 

supplier cluster and the 

general reasons for it 

● Are the supplier itself and its 

characteristics important 

considerations when selecting the 

supplier? 

Supplier Financial ● Analyze the importance of 

the financial aspect of the 

supplier 

● Do you look at the financial 

situation of a supplier? Is it 

important? Why? 

● What aspects do you consider 

most when analyzing the financial 

situation of the supplier? 

Supplier Managerial ● Analyze the importance of 

the managerial aspect of 

the supplier 

● Is the management team of the 

supplier a variable you consider 

when selecting the supplier?  

Supplier Technical ● Analyze the importance of 

the managerial aspect of 

the supplier 

● How important are the technical 

capabilities of the supplier for 

you? 

● Which are the most important 

technical capabilities for you 

when selecting a supplier? 

Supplier Support ● Understand the 

importance of the support 

resources the supplier 

has   

● Some suppliers have support 

capabilities as legal, regulatory or 

IT teams, for example, do this 

kind of support capabilities 

influence your decision of supplier 

selection? 

Supplier Quality Systems ● Determine the importance 

given to the supplier’s 

quality systems 

● Do you evaluate the quality 

systems of the supplier as an 

important criterion? 

Supplier  Location ● Analyze the importance 

given to the location of 

the supplier 

● How important is for you the 

location of the supplier, 

considering it may affect the 

environmental risk (policies, 

weather, etc.) or the currency 

used in transactions? 
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Table 7. Interview structure: Service 

Topic Sub-topic Purpose Questions 

Service General ● Analyze the importance 

given to the services 

provided by a supplier 

and how do they affect 

the supplier selection  

● How important do you consider 

the service provided by the 

supplier is?  

● How important do you consider 

the service is compared with the 

other variables? 

Service Support ● Understand the 

importance of the support 

provided by the supplier 

● Is the support provided by the 

supplier important for you? 

Service Professionalism ● Determine the importance 

of the professionalism of 

the supplier 

● How important is the 

professionalism of the supplier 

when choosing them? 

Service Satisfiers ● Determine if the value-

added services provided 

are important and to 

which extent 

● Do you consider as important 

other value-added services 

/satisfiers? Which and why? 

Service Follow-up ● Understand the impact 

that the follow-up attitude 

of the supplier has when 

selecting a supplier 

●  Is the attitude toward information 

exchange important for selecting 

the supplier? 

Service Delivery ● Determine how important 

is the delivery 

performance of the 

supplier 

● How important is the delivery 

performance of the supplier and 

its conditions? 
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Table 8. Interview structure: Cost 

Topic Sub-topic Purpose Questions 

Cost General ● Determine how important 

is the total cost compared 

to the other criteria 

analyzed 

●   How important is the total cost of 

buying the material when 

selecting a supplier? 

●  

Cost Price ● Determine the importance 

of the price of the material 

● How important is the price of the 

material itself when selecting a 

supplier 

Cost Transport ● Analyze if the transport 

price has an impact on 

the supplier selection 

● Do you consider the 

transportation cost when selecting 

the supplier? 

● How important are these costs for 

you? 

Cost Taxes and other ● Understand whether the 

taxes and other costs are 

considered in the supplier 

selection process 

● Do the taxes and other 

administrative costs influence 

your decision of selecting a 

supplier? 

 

Lastly, a final round of individual interviews and a group discussion with some of 

the interviewees with all the interview were conducted to validate the model and 

get feedback in order to make the last corrections before the model could be 

considered finished. 

3.6 DATA ANALYSIS 

3.6.1. STATISTICAL ANALYSIS 

The first survey was made to analyze statistically the data in order to validate the 

criteria to be included in the model, which were previously selected from the 

literature review. When all the answers from the respondents about the 

importance of each of the criteria were gathered, a basic statistical analysis of the 

data was made, considering the mean, median value, standard deviation and 

mode.  

After doing the statistical analysis, the researchers decided to keep in the 

evaluation of all the criteria which received a mean of more than 3.5 out of 7. This 
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means that all the criteria included in the further analysis have been considered 

by the experts as, at least, important on average.  

3.6.2 AHP ANALYSIS 

For doing the calculations for the AHP and the relative weights of the different 

criteria to be analyzed, the steps to be done are: 

1. Establish the matrix for the pairwise comparisons 

2. Check the consistency ratio (CR) 

3. Aggregate responses 

4. Calculate relative weights 

3.6.2.1 ESTABLISH THE MATRIX FOR THE PAIRWISE COMPARISONS 

The comparison matrix is a reciprocate matrix as if the cost is two times more 

important than the supplier criteria, this means that the importance of supplier 

criteria is half of the importance of cost criteria. This means that the elements in 

the diagonal of the matrix will be all equal to the unit, and the elements above the 

diagonal of the matrix will be the inverse ones of the ones positioned in the 

opposite position under the diagonal (e.g. aij=1/aji).  (Saaty, 1980) 

 

Figure 10. Pairwise comparison equation 

3.6.2.2 CHECK THE CONSISTENCY RATIO (CR) 

One of the vulnerabilities of AHP is the consistency of the data gathered, as when 

making pairwise comparisons, people do not have the intrinsic logical ability to 

always be consistent, as (Saaty, 1980) stated. In order to assess enough grade 

of reliability, the matrices used to do the calculation must be consistent. The 

normalized comparison matrix is completely consistent if the matrix has rank 1 

and the eigenvalue = n, where the comparison matrix consists of n x n.  
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λmax: the maximum eigenvalue of the consistency matrix 

CI: consistency index 

CR: consistency ratio 

RI: random index 

The reliability of the AHP model depends entirely on the consistency ratio 

between the pairwise comparisons. The consistency ratio is calculated as 

following (Saaty, 1997):  

CI = (λmax-n)/(n-1) 

CR = CI/RI 

The random consistency index is pre-defined by (Saaty, 1980) as following, 

where n is the number of elements  

Table 9. Random index values (Saaty,1980) 

n 1 2 3 4 5 6 7 8 9 10 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

 

The AHP is consistent if the consistency ratio (CR) equals to less than 0.1. If the 

CR exceeds 0.1 the evaluation process must be repeated to get better 

consistency within the input of the pairwise comparisons. (Saaty,1980) 

3.6.2.3 AGGREGATE RESPONSES 

When using the AHP for group decisions it is important to deploy a model that 

aggregates the individual responses in a reliable way. (Ramanathan and Ganesh, 

1994) discuss two methods for aggregate use of the AHP, the Geometric Mean 

Method (GMM) and the Weighted Average Mean Method (WAMM). GMM will be 

used as it is the most common and as (Saaty, 1980) stated the AHP averages 

should be calculated by geometric means, as it is based on a ratio scale.  

3.6.2.4 CALCULATE RELATIVE WEIGHTS 

Once the data from different sources are aggregated, the weights of the different 

criteria are calculated. First, the weights of the sub-criteria inside the level one 

criterion are calculated. Afterwards, the weight of the four criteria are calculated, 
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and lastly, the multiplication of both provides the global value of the weight of 

importance for each of the sub-criteria. 

3.7 RESEARCH QUALITY  

The quality of this research is essential as we have spotted the need for an inquiry 

at the area to answer the research questions of the study. Our interest as 

researchers is that the research can and will be used to develop knowledge and 

provide an extensive framework for discussing the relevance of different criteria 

within different strategic importance of different raw materials. It is therefore of 

great importance that the methodology coheres with the objective of the research 

and that the steps are done with a structure that is replicable and reliable to be 

used both academically as well as professionally.  

3.7.1 VALIDITY AND RELIABILITY  

For any research validity and reliability set the foundations for the quality of the 

research. Validity for qualitative research defines the relevance of the studies 

work process. Is the research question defined well enough to give good results 

within its context, is the methodology well formulated to answer the research 

questions and are the tools for gathering and analyzing data the right or 

appropriate ones? First, to assure validity, the research questions have been 

generated through gap spotting in an extensive literature review. The research 

questions have then been modified and some critical steps within the 

methodology have been revised or removed during the research to assure they 

hold validity to the research and to assure that we are on the right path.   

The use of the case study research strategy approaches set higher demands as 

the exploratory nature of the case study tend to be unscientific as the data basis 

mainly consists of qualitative data to assess current phenomena. Qualitative 

research is generally seen as less reliable than quantitative, as the concept of 

qualitative data derives from the positivist paradigm where interpretive 

assumptions based on a reality that is socially constructed and multifaceted 

(Creswell and Creswell, 2017). Where quantitative data is generally more reliable 

but needs to be proven with a sample size valid for the study. To assure validity 

and reliability to the mixed methods design of the study both qualitative and 

quantitative validity/reliability strategies have been deployed.   

Validity and reliability of the case study have been ensured following a strategy 

presented by (Creswell and Creswell, 2017): 
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1. Triangulation of data: As the study is set within a mixed methods 

research design the challenges are mainly how sampling methods are 

being conducted and how data is being interpreted. The pre-study was 

conducted with a more open-ended approach with several sources 

including interviews and industry literature, reviews and articles. To have 

more than one source is usually referred to as triangulation and is a more 

consistent approach to qualitative data collection as more data sources 

are being used. This approach is also important as many of our 

interviewees are professionals and may be biased being loyal to their 

technical trajectory, company strategy etc.  

2. Member checking: Our interviewees have helped us as a waypoint to 

such a high degree as possible during our research. All interviewees have 

been asked permission to report back to after working on the data to check 

that our interpretations have been correct.  

3. Peer examination: First, we have had an assistant professor as 

supervisor to guide us with the academic validity and continuously giving 

us feedback to our research process. Furthermore, we have had both a 

professional within the host company to guide our findings and help to set 

a continuous research strategy, as well as continuously verifying our 

research findings.  

4. Participatory research: We have intended to include our interviewees to 

such a large extent as possible throughout our research process, from 

early design of the research to verify our results and discussion. 

Validity and reliability for the quantitative part of the study have been ensured 

using the following strategy: 

1. Triangulation - As for the qualitative data collection the quantitative data 

has been collected from primary and secondary sources to provide a richer 

sample of data. The collected data has been triangulated both between 

sources and data collection methods to gain validity. 

2. Using correct sample sizes - When doing a statistical quantitative study 

high importance lies in the strategy for selecting the samples within a 

population as well as enough level of participants. For larger scale 

statistical studies, a sample size of at least 30-50 individuals should be 

necessary to provide reliable results. For the specific case study, the 

quantitative measures are done both for validation of suggested criteria as 

well as pairwise ranking the criteria using AHP. As the sample size has 

been all experts available within the specific context at the specific time 
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period the sample size of 12 individuals must be enough, as no statistical 

conclusions are drawn from the responses but mainly as a accessory and 

reference point to the qualitative part. (Saunders, Lewis and Thornhill, 

2012) 

3. Using predefined mathematical theory for calculating AHP weights 

based on the pair-wise comparison matrix - The model for calculating 

the AHP in has been done with Microsoft Excel in a similar way as 

described by Saaty (1980).  

4. Assessing a predefined strategy for the construction of a 

questionnaire - The validity and reliability of the study when collecting 

data using a questionnaire depends fully on the design of the 

questionnaire. For this study, the main objective of the questionnaire was 

to rank criteria as relevant or irrelevant. Validity has been assured using 

the strategy of (Saunders, Lewis and Thornhill, 2012) as well a 1-7 scale 

system used previously by (Dempsey, 1978) with the purpose. 

3.7.2 GENERALIZABILITY 

Generalizability, also called external validity, means that the framework of the 

study can be applied to other research settings (Saunders, Lewis and Thornhill, 

2012). In our case, this would follow our delimitation to be applicable to any other 

raw material. Our goal is to develop a framework that fulfils this requirement to 

such a high extent as possible. This will be done first following the strategy for 

qualitative and quantitative validity and reliability as well as providing a rich and 

clear framework where all steps are presented with a high level of detail and easy 

to follow. The time frame for our study will not give us enough time to deploy a 

new study on another raw material, but other supply chain managers have been 

contacted and the generalizability of the study has tested using a survey 

describing the content of the study and asking for confirmation of its 

generalizability. Although, we are aware of the uniqueness of the industry settings 

that differ our research topic from other organizations in the same industry, as 

this study has been conducted specifically for the European market, which is still 

not developed and mature yet. This means that the findings cannot be 

generalized to worldwide battery manufacturers as the purchasing situation out 

of Europe does not have the same exact characteristics, though it may have 

many similarities.  
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3.7.2 ETHICS 

Our research will be done working at a Swedish startup company within the 

lithium-ion battery industry for electrical vehicles. As we daily are exposed to 

confidential information regarding the company’s strategy and research it is of the 

highest importance that we don’t interact with any of their employees or 

customers in any harmful way. The objective of this study is to determine if there 

are differences in the importance of the criteria to be used when selecting a 

supplier for lithium-ion battery manufacturing. The research will be done with a 

generalizable model designed to be deployable without using nor revealing any 

confidential information. Any process steps that are mentioned by our 

interviewees to be confidential will be excluded or described in a modified 

generalizable way so that they don’t reveal any harmful information.   
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4. RESULTS 

This chapter show the results obtained after conducting the data analysis. In this 

section the results are shown in an empirical way, without getting further into 

analysis and discussion. 

4.1 DECIDING THE SUPPLIER SELECTION CRITERIA  

A survey concluding a set of pre-defined supplier selection criteria relevant for 

high-tech manufacturing industries were identified within the literature review. 

The criteria cluster and respective sub-criteria for each cluster was synthesized 

to a survey (see Appendix 1) and sent out to relevant members of purchasing 

department, resulting in 8 survey responders, at the firm where the study was 

conducted.  

After running the statistical analysis through the data collected from the surveys 

the analysis showed that all the criteria included were considered at least 

important on average, as all the average values are equal or above 4 points out 

of 7. This meant that none of the criteria will be deleted for further analysis and 

all the criteria included in the first surveys will be included in the second surveys 

and in the interviews.  
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Table 10. Statistical Analysis 1st survey 

Criteria Sub-criteria Mean Score 

on 1-7 scale 

Median 

value 

Mode SD 

Supplier Financial 5.8 6 6 0.7 

Managerial 5.3 5 5 0.9 

Support 4.3 4 4 1.2 

Technical 6.3 6.5 7 1.0 

Quality Systems 5.6 6 6 0.9 

Location 5.3 5.5 6 1.5 

Service Support 5.1 5 5 0.8 

Delivery 5.4 5.5 5 1.4 

Professionalism 5.5 6 6 1.1 

Follow-up 5.3 5.5 6 1.2 

Satisfiers 4.1 4 4 1.6 

Product End use 6.4 6 6 0.5 

Handling 4.9 5 5 1.0 

Environ. Friend. 6.0 6 6 0.8 

Cost Price 6.4 6 6 0.5 

Transport 4.9 6 6 1.8 

Taxes 4.3 4 4 1.4 

 

The analysis shows that the price of the raw material and its end-use 

characteristics are the most important things to be considered when selecting a 
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supplier. However, the technical capability of the supplier and the environmental 

friendliness have also high importance, being qualified as “very important” on 

average by the respondents. 

In the same survey, the respondents were also asked to rate the importance of 

the four clusters themselves (cost, product, supplier, and service). The result of 

this part of the survey is shown in table 7.  

Table 11. Criteria importance output 

Criteria Mean Score on 

1-7 scale 

Median value Mode SD 

Supplier 6.0 6 6 0.5 

Service 5.8 6 6 1.0 

Product 6.0 6 6 0.5 

Cost 6.3 6 6 0.7 

 

The answers provided show that all the four clusters of variables are very 

important when selecting a supplier, the cost is the most important one and 

product the least important one.  

In order to provide a better understanding of the answers, an analysis of the 

percentage of answers given for each level of importance for each category is 

provided in Table 9. 
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Table 12. Answers' distribution for the first survey, 8 respondents 

 

It can be appreciated that most gradings were given for important or above of 

important grade, what added to the fact that the mean grade for all criteria was 

above 4, means that all criteria can are considered as important from purchasers’ 

point of view when selecting a supplier. However, there are still differences, and 

these are the differences that aim to be understood, by diving deeper into the 

different material categories according to the Kraljic matrix, and trying to 

understand if the differences in the grades given to some of the criteria between 

two experts have something to do with the characteristics of the material they are 

buying. 

4.2 STRATEGIC PROFILE OF MATERIALS 

The company where the study is being conducted uses the Kraljic Matrix to 

assess the strategic relevance of all raw material that is being sourced to produce 

Li-ion batteries. The Kraljic matrix was done before in the company, so the 
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researchers only had to validate the assumptions instead of building the matrix 

from scratch. This validation was made to check that the conditions for each 

material under which they were first classified in the matrix have not significantly 

changed. Because of confidentiality, the raw materials will not be mentioned by 

name. 

 

Figure 11. Kraljic Matrix for Li-ion battery materials 

 

4.3 AHP WEIGHTS 

After conducting the AHP method for analyzing the data, the relative importance 

weights for the different criteria and sub-criteria were determined. Also, the 

relative standard deviation amongst the material types is calculated, to determine 

which aspect do the clusters differ the most.  

The first level of the hierarchy, the so-called criteria, weights are shown in Table 

13. 

  
Leverage Items Strategic Items 

Bottleneck Items Non-critical Items 

Material 1 

Material 2 

Material 3 

Material 4 

Material 5 
Material 6 

Material 7 

Material 8 

Material 9 

Material 10 
Material 11 

Material 12 
Material 13 

Material 14 
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Table 13. AHP criteria weights 

Criteria Strategic Bottleneck Non-critical Relative SD 

Cost 26.6% 7.6% 34.8% 14.0% 

Supplier 25.5% 41.9% 18.4% 12.0% 

Product 40.6% 43.3% 36.8% 3.2% 

Service 7.3% 7.3% 10.0% 1.6% 
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In Table 14, the relative weights of each of the sub-criteria inside the different 

criteria are shown. 

Table 14. AHP sub-criteria relative weights 

Criteria Sub-criteria Strategic Bottleneck Non-critical Relative SD 

Cost 

Price 74.4% 60.2% 67.2% 7.1% 

Transport 13.7% 30.7% 23.1% 8.5% 

Taxes 11.9% 9.0% 9.8% 1.5% 

Supplier 

Financial 22.4% 21.8% 19.8% 1.3% 

Managerial 28.7% 7.3% 15.3% 10.8% 

Technical 24.7% 23.5% 27.9% 2.3% 

Quality Systems 12.0% 25.3% 19.9% 6.7% 

Location 6.6% 17.4% 11.5% 5.4% 

Support 

Resources 
5.7% 4.7% 5.6% 0.5% 

Product 

End Use 50.0% 72.5% 63.8% 11.3% 

Handling 7.8% 16.6% 11.1% 4.5% 

Env. friendly 42.2% 10.9% 25.1% 15.7% 

Service 

Support 14.3% 10.7% 9.5% 2.5% 

Professionalism 31.7% 24.1% 28.8% 3.8% 

Satisfiers 14.2% 7.6% 7.0% 4.0% 

Follow-up 9.9% 21.3% 13.5% 5.8% 

Delivery 30.0% 36.2% 41.2% 5.7% 

 

4.3.1 COST  

Cost is the criterion with higher relative standard deviation in the importance 

(14.0%), being a key factor for non-critical items, and a really important criterion 
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for the strategic items. The cost was the second most important criterion in both 

strategic and non-critical items.   

Regarding the sub-criteria of the cost criterion, the price was the most important 

one for all the three material types, with a significant difference of importance with 

the rated as second most important sub-criteria, which was transport in all the 

cases. However, transport costs’ importance was higher for bottleneck and non-

critical items. 

4.3.2 SUPPLIER 

The importance of the supplier criterion was higher for strategic and bottleneck 

items, being the second most important one, while it was the third most important 

for non-critical items. In the case of bottleneck items, the importance of the 

supplier criterion was almost as high as the most important category, just being 

two percentage points lower than the product criterion. 

The financial criterion was considered equal in relative importance for all the 

types of material, with relative importance around 20% in the three categories. 

Managerial, on the other hand, differed a lot amongst the material clusters, yet it 

was the most important supplier criterion for strategic materials, while for 

bottleneck materials its importance was just a 7.3%.  

While technical capabilities and support had similar relative importance in the 

supplier criteria for all the material categories, location and quality systems' 

relative importance was much higher for bottleneck and non-critical materials 

than for strategic ones. 

4.3.3 PRODUCT 

Product was the most important criterion for the three categories of materials. 

The end-use criterion was the most important one in all material clusters, but 

while for bottleneck and critical its importance was much higher than the 

importance of the other criteria, for strategic materials the importance of end-use 

and environmental friendliness was not much different.  

Handling was the least important product criterion for strategic and non-critical 

materials, but also its importance for bottleneck items was small. 
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4.3.4 SERVICE 

Service was both the least important and the one with less relative standard 

deviation among the four criteria. The importance level of service criterion is much 

lower than all the other criteria for all clusters, except for the cost criterion for 

bottleneck items, whose importance is only 0.3% more than service. 

Delivery and professionalism are the most important delivery criteria for the three 

material types. Nevertheless, professionalism was the main important one for 

strategic materials, while delivery was the number one in importance for 

bottleneck and non-critical items.   

Follow-up was importance for bottleneck and non-critical items, ranked as the 

third most important criterion, while for strategic items it was the least important. 

Lastly, satisfiers and support were all ranked as no very important criteria in all 

categories of materials. 



70 
      

4.3.5 ABSOLUTE WEIGHTS 

In the following Table 15, the total weights are presented, which were calculated 

by multiplying the weight of the sub-criteria and the weight of the criteria to which 

they relate. 

Table 15. AHP sub-criteria absolute weights 

Sub-criteria Strategic Bottleneck Non-critical 

Price 19.8% 4.6% 23.3% 

Transport 3.6% 2.3% 8.0% 

Taxes 3.2% 0.7% 3.4% 

Financial 5.7% 9.1% 3.6% 

Managerial 7.3% 3.0% 2.8% 

Technical 6.3% 9.9% 5.1% 

Quality Systems 3.1% 10.6% 3.7% 

Location 1.7% 7.3% 2.1% 

Support Resources 1.4% 2.0% 1.0% 

End Use 20.3% 31.4% 23.5% 

Handling 3.2% 7.2% 4.1% 

Env. friendly 17.2% 4.7% 9.2% 

Support Serv. 1.0% 0.8% 1.0% 

Professionalism 2.3% 1.8% 2.9% 

Satisfiers 1.0% 0.6% 0.7% 

Follow-up 0.7% 1.6% 1.3% 

Delivery 2.2% 2.6% 4.1% 
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The end-use criterion was ranked as the most important criteria for the three 

material categories, but its importance was specifically high for bottleneck items, 

accounting for more than 30%.  

Price was the second most important criterion for strategic and non-critical items, 

while its importance for bottleneck items was only of a 4.6%. The environmental 

friendliness of the product was very important for strategic materials, being the 

third most important criterion for that category. Also, quality systems were very 

important for bottleneck items, with its level of relative importance being three 

times higher than for the other materials. 

Taxes, support resources, support services, satisfiers and follow-up were 

considered of low importance for the supplier selection of all the materials, 

opening the discussion of whether they should be considered or not for the 

supplier selection. 

4.4 RESULTS FROM INTERVIEWS 

In this section, the main findings and highlights coming from the interviews are 

explained and commented, focusing on the differences and similarities between 

the answers regarding the different material clusters. The section is structured in 

the same way as the interviews were, in order to provide a better understanding 

of each of the sections analyzed during the interviews. 

4.4.1 SUPPLY RISK 

The first topic brought out in the interviews was the supply risk present for each 

of the materials and was done in order to validate the classification previously 

made for the materials according to the Kraljic Matrix.  

The experts in charge of purchasing non-critical raw materials mostly agreed that 

the materials they are buying are highly commoditized and thus their supply is 

forecasted to be stable in the foreseeable future. However, all stated that even if 

the supply appears to present no considerable risk, it exists a high dependency 

on Asian suppliers. This concentration of the majority of the suppliers in the same 

geographical area, and more specifically in China, make the supply more 

susceptible to any changes in the situation of that area, which could possibly risk 

the supply. 

Regarding bottleneck materials, the supply risk is higher but not a current threat, 

its risks lie upon their dependency on the several raw materials that are needed 

to produce these bottleneck materials for the battery manufacturing. The fact that 

many materials are needed to produce the bottleneck materials increases their 
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supply risk, as if only one upstream material supply is in shortage, it will affect the 

whole supply chain, impacting on the supply of the materials for producing the 

batteries.  

On the other hand, strategic materials do present a risk of supply coming from 

the unbalance existing between demand and supply. The demand is growing 

rapidly while the supply is not scaling at the same pace, and at the same time, 

the prices are needed to shrink in order to make these materials fit the cost targets 

for the batteries. In addition, as the European manufacturers are not as big as 

Asian, they also have the difficulty to have capacity allocated from the biggest 

material suppliers, as the latter tend to secure the capacity for their main and 

biggest clients.  

4.4.2 PROFIT IMPACT 

Profit impact, as we have understood it, encompasses two dimensions: the 

impact in the costs of the battery, and the impact the raw material has on the 

performance of the battery.  

Interviewees mentioned that non-critical items have a low impact in both 

dimensions as they are cheap and not critical for the performance of the battery.  

Conversely, bottleneck items and strategic materials were all considered as key 

performance drivers of the battery and their cost account for a high portion of the 

total cost of manufacturing of the batteries, what makes their profit impact level 

high.  

However, a difference exists between bottleneck and strategic materials. The 

price of the strategic materials is significantly lower than the price of strategic 

material, but still being much higher than the non-critical items. 

4.4.3 COST 

Every interviewee considered cost as one of the main drivers of the supplier 

selection decision. However, they stated that, contrary to the framework 

presented with three cost components (price, transport and taxes), the only 

important cost considered in the process is the total cost, considering all its 

components. Nevertheless, all three components were discussed. 

Price was considered more important for non-critical items than for strategic and 

bottlenecks, as their performance characteristics are more equal market-wide, 

while for strategic and bottleneck the characteristics are more important, yet they 

could differ much from one supplier to another. Indeed, the interviewees related 
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to non-critical items stated that cost and more specifically price is among the key 

drivers of the decision of selecting a supplier.  

Transport cost was considered by all the respondents as a not very important 

variable, as usually boat transport, which is how most of the materials are 

transported, is a cheap and stable means of transport whose price barely vary. 

However, transport costs were considered more important for non-critical items, 

yet the transport price is usually by price. As the non-critical items are cheaper in 

terms of price per volume unit, the transport cost accounts a bigger portion of the 

total cost and this is why the importance given is higher than for strategic and 

bottleneck items.  

In addition, due to the high price of strategic and bottleneck materials, the people 

in charge of their purchase made emphasis on a cost that was not considered 

previously and that is related to transportation. They all mentioned the importance 

of the working capital related to the material being transported, which is usually 

high due to the long lead times of boat shipment.  

Regarding taxes, their importance was considered really low, as there is not 

much to do about them and usually the account just for a small percentage of the 

total value of the purchased goods. 

4.4.4 SUPPLIER 

The supplier criterion is one in which the differences between the answers of the 

people related to different types of materials differ most. The differences have 

their root in the expected relationship with the supplier, yet when the relationship 

desired is just an arm-length relationship based on the simple purchase of a 

product, the characteristics required from the supplier are not the same than the 

ones searched for establishing a long term partnership. 

For bottleneck and strategic materials, the company is trying to build long term 

partnership to secure the supply of those raw materials whose supply is 

jeopardized and whose technical specifications are very specific to the company. 

In some of these partnerships, investment in new facilities and in the development 

of capabilities is needed, bringing to the table some topics as long term 

commitment and managerial alignment. In the other hand, non-critical items are 

bought with the aim of having the needed performance level but not above from 

that as their impact is not high and as their supply is not at risk, making the 

purchasing more flexible and not signing very long contracts.  

When assessing the financial situation of a supplier, two stages exist. In the first 

step, the credit rating of the supplier is analyzed and only suppliers with good 
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credit rating (A or B) are considered to be possible supplier, while the ones with 

less rating are automatically discarded. After that pass/fails step, the next 

analyzed is the financial strength of the company in order to assess its capacity 

for making investments. This last characteristic is not evaluated as a pass/fail, 

yet the companies are compared regarding its financial strength, what have 

different levels of importance depending on the materials sourced as some of the 

materials are more likely to need investments.  

The financial situation of the supplier is a key aspect to be analyzed when 

selecting a supplier of a material whose supply could be risky because the 

contracts to be signed are long term, and the company has to be sure that the 

supplier will be operating during all that time frame. Also, financial strength is a 

characteristic taken into account for critical material and bottleneck, as in order 

to ramp up production to match the growing demand, the investment may be 

needed in order to increase the capacity.  

Regarding the managerial criterion, all the interviewees answering for critical and 

bottleneck materials said that is a really important thing to take into account. For 

these materials, the supplier has to long-term commit and to possibly make 

investments to expand capacity. As the relationship between the supplier and 

battery manufacturer is going to exist for a long time, the alignment between 

managements is critical to building a stable and healthy relationship. However, 

this aspect is usually evaluated in the last steps of the supplier selection process, 

like other aspects as product performance and cost have to fit in the 

manufacturer’s plans before considering signing with a supplier. 

In the other hand, for the purchasers of non-critical materials, the managerial 

aspect is secondary and not even considered for some of them, as they see the 

product as a commoditized material that is bought without the need of long-term 

commitment and investment. 

The technical capabilities of the supplier are an important thing to be taken into 

account, but they are not a deal breaker. All the interviewees agreed that if the 

supplier has a strong R&D department and patents, that would increase the 

flexibility of changing some specifications of the product in case they are needed, 

what will give the possibility of improving without having to change supplier. This 

criterion is more important for strategic and bottleneck materials as their 

characteristics are more specific and complex, while the ones from the non-

critical items are much more similar market wide. 

All the experts saw quality systems as an important aspect yet having good 

quality procedures increases the reliability and stability of the characteristics of 
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the supplied material. However, all agreed that this aspect is not considered when 

selecting a supplier moreover than a pass/fail aspect rated by the quality 

department. In other words, only the supplier whose processes has been 

approved by the quality department of the battery manufacturer can be selected 

as a supplier. 

The supplier support capabilities were not considered by any of the interviewees 

when selecting a supplier because they consider that is an aspect that may make 

the things easier, but not decisive for choosing a supplier over another. 

Lastly, the location of the supplier was considered important from all the experts. 

They stated that having all the suppliers concentrated in the same geopolitical 

area could increase the risk of supply. Also, suppliers located in Europe were 

considered better as they are likely more used to European policies and work 

culture. However, all said that if the supplier is based elsewhere, as long as their 

service is provided according to the terms agreed and their product is good 

enough, location is not a key factor. Another aspect taken into account regarding 

location is the environmental impact of the purchase of material depending on 

where it comes from, as the cleanness of the electricity used for production and 

the carbon footprint due to transport vary depending on the origin of the material. 

This aspect has importance in the company where the research was developed 

as their aim is to produce “green” batteries in order to make the mobility less 

harmful for the environment. 

4.4.5 SERVICE 

Service was considered important from the point of view of all experts, but all 

agreed that it will always be less important than the product, cost and supplier, 

as if the requirements of product specifications are not met, the cost is too high 

or the supplier is not suitable, assessing the service is senseless.  

Delivery was considered the most important aspect of service, as all the supply 

of raw materials lays upon a stable and precise delivery of the raw material, being 

a failure in delivery potentially catastrophic for the whole production process. The 

delivery itself was considered crucial from the point of view of all the interviewees, 

regardless of the material addressed.  

Special mention to the delivery lead time was made by the purchasers of critical 

and bottleneck material, the most expensive materials. They highlighted that lead 

time is directly related to the working capital needed, as if the lead time is long, a 

lot of money is needed to pay in advance for the material that cannot be used at 

the moment because it is being transported. This accounts for an important issue 
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for suppliers located in Asia, as the time of transportation by boat could be more 

than two months.  

Professionalism was not considered key for the purchase of non-critical items, 

while considered critical for the purchase of critical and bottleneck materials. This 

is because for the purchasers of non-critical materials professionalism was only 

related with responsiveness, which is important but not a deal driver; while for 

strategic and bottleneck items, professionalism is seen as key for the 

development of a trustful and successful long-term relationship. The importance 

given to professionalism was even higher for strategic materials for the latest 

reason stated. 

Support and follow-up provided by the supplier is a criterion that is not 

introduced in the decision-making process of selecting suppliers. These criteria 

are not considered by the interviewees as they agreed that they are important 

aspects for the operational success of the purchase and boosts the trust in the 

relationship but are no crucial when selecting the right supplier. 

Lastly, satisfiers understood as value added services provided, had no 

importance for any of the interviewees, as they considered that if the main 

requirements and aspects are fulfilled, satisfiers would never be able to impact in 

the decision of selecting a supplier. 

4.4.6 PRODUCT 

Even if there are many criteria to be assessed in order to select a supplier, the 

interviewees highlighted that the first thing to look at is the product they are 

offering, as the main goal is to have a battery that works. For that, the material 

sourced need to meet the requirements of technical specifications first. In other 

words, the other criteria are useful to evaluate the pool of suppliers whose 

products are likely to meet the manufacturer’s requirements. After that, the 

product criteria will focus on comparing the different products between the 

suppliers, but all of them meeting the specifications needed.  

End-use characteristics of the material are less important for non-critical 

materials as their impact on the performance of the battery is not high and thus 

the requirements for them are not so strict. In addition, this criterion loses 

importance also because the materials are more commoditized than strategic and 

bottleneck materials, which signifies that the differences in the products across 

the market are not so high. 

End-use characteristics are much more critical for strategic and bottleneck 

materials as they determine in a high grade the end performance of the whole 
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battery and also its safety, which is extremely important in this business. This 

makes these criteria to be very important as the requirements for these materials 

are very strict. In addition, also some of these requirements are linked directly 

with the end customer requirements, as different customers demand different 

performance measures for the battery, which are extremely dependent on the 

characteristics of these materials. 

Handling was considered by the experts as an important aspect for the business, 

but not for the supplier selection due to two reasons. First of all, proper handling 

is needed for ensuring safety and smooth supply, but this is completely covered 

by legislation and policies which all suppliers must follow to become a supplier of 

the company, so they understood this as a pass/fail aspect that can only discard 

some suppliers but never drive the decision further than that. Secondly, as the 

volumes to be purchased are high and thus the size of the contracts in terms of 

value is high too, all the suppliers accept the handling specifications required by 

the battery manufacturers. Due to these two reasons is why this criterion is 

important but is not involved in the supplier selection process more than for 

discarding the ones that don’t follow the standards required by the law. 

Environmental friendliness of the material purchased is an important aspect, 

specifically for the company in which the research is being developed. This 

aspect is more important for strategic items, as the contracts to be signed with 

them will be for a long period of time. For non-strategic items, this fact is less 

important, as in the early stages of the company their aim is to get the right 

material at the right time to start running the production, and once this is 

functioning correctly, they may change into a more environmentally friendly 

supplier. However, some interviewees said that even if they consider this aspect 

important, for some materials there are no “green” alternatives or supplier 

options. 

Regarding the environmental friendliness of the material, the main aspect 

assessed is the location of the supplier, as it determines the carbon footprint 

needed for transporting the product and producing the material, which depends 

on the distance and the energy mix used in that location respectively. 
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5. DISCUSSION  

In this chapter the results of the study will be discussed, topic by topic, and 

afterward a contribution to the literature section will be developed as well as a 

section analyzing the limitations of the study. 

5.1 DISCUSSION OF THE RESULTS 

After conducting the AHP analysis and the interviews with the experts in the 

market, it can be assured that a difference between the criteria for supplier 

selection exists depending on where the materials are positioned in the Kraljic 

matrix. This fact reinforces the theory proposed by Kraljic (1983) which stated 

that depending where the material is in the matrix, the different the strategy for 

sourcing should be. Also, even if all the criteria presented were considered 

important by the experts during the first survey, when conducting the AHP and 

the interviews, some of the criteria were not considered as impactful on the 

supplier selection process, what challenges their actual importance in the 

process. 

5.1.1 MAIN CRITERIA 

Results show that there are differences between the criteria depending on the 

criteria and sub-criteria depending on which strategic cluster the raw materials 

belong to. Materials of non-strategic importance tend to be more cost focused 

when selecting a supplier as they are more commoditized. Their price impact is 

already low, but as they are less technologically complex and more available at 

the market the main focus tends to go for a supplier selling at the lowest total 

cost. Bottleneck items are more focused on supplier as their technical 

requirements are higher. The technical complexity of these products is higher 

than the non-strategic items and therefore selecting the right supplier with the 

right product has a significant importance. There is low focus on the cost as the 

price impact on the final product is considerably lower than the one of strategic 

items. The strategic items tend to show almost same importance for supplier and 

cost, but slightly more cost oriented as the profit impact of these materials are 

high. All strategic cluster types show high importance in the product criteria, 

mainly because the high-tech nature of industry. All criteria have an importance 

but if the quality and other product characteristics are not correct all other criteria 

have no importance. The service criteria are low for all suppliers as there is the 

last thing to be considered when selecting a supplier, with only delivery 

considered as important by the experts in the supplier selection process. This is 

because if the product and the cost are not suitable for the manufacturing and 
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the supplier’s business is not stable enough to secure the supply, the service is 

a dimension not even considered.  

 

Figure 12. Radar chart showing weights of the main criteria 

 

5.1.2 SUB-CRITERIA 

When discussing the differences of the sub-criteria weights it is important to 

consider the local weights within each criterion as well as the global/overall 

criteria weights for the different strategic clusters. It is also important to consider 

that the values presented refer to the relative importance between the different 

criteria, they do not refer to absolute weights. This means that, for example, the 

fact that price importance for bottleneck items is much lower than for the other 

materials does not mean that price is not important, what it means is that it is 

much less important compared to other criteria (e.g. financial or managerial) in 

bottleneck items than it is for other materials. 

Regarding costs criteria, price is the most important one because it represents 

the biggest portion of all the costs and is where there is more room for negotiation 

and cost reduction. Transportation has little maneuver margin, as these materials 

are transported by boat, a commoditized freight means with standard prices that 

can be hardly reduced, this is why its importance is much lower than prices 

importance. Moreover, taxes are the less important criterion in terms of cost as 

they just represent a small percentage of the total cost which is actually just that, 

a fixed percentage charged by law and nothing can be done about it, and this is 

why the experts stated that taxes are usually not considered as a differential 

criterion. 

Service
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Supplier criteria are much more important for strategic and bottleneck items 

because for these items the company tries to secure the supply by getting 

involved in longer relationships, which makes the fact of choosing the right 

partner much more important. For non-critical items, failing in the selection of a 

supplier is not so disastrous, as there are many other options in the market and 

supplier and manufacturer are not so lock with each other by long term contracts 

and investments. 

The financial criterion is assessed as a pass-fail criterion, which makes it 

completely crucial as it could break a deal even if all the other aspects are 

excellent. However, the financial criterion is even more important for strategic and 

bottleneck items because in most cases the supplier is required to invest for 

expanding capacity or relocating facilities next to manufacturers’, which requires 

financial strength.  

The managerial criterion is also very important for bottleneck and strategic 

materials because, as their supply is at risk, manufacturers try to secure the 

supply by agreeing on long-term relationships. For these relationships to 

succeed, it is needed alignment and rapport between managements. Kraljic 

(1983) exposes that for strategic materials, searching a long-term relationship 

and partnership is a good solution, what actually is supported by the findings of 

this study, which both the interviews and the AHP showed that the managerial 

and professionalism criterion, both crucial  for building long-term successful 

relationships, are very important for the purchase of strategic materials. 

The technical aspect is also more important for strategic and bottleneck items for 

two reasons. First, as the complexity of these products is high and they are less 

commoditized, finding them in the market is not easy, so the difference between 

different suppliers is most times driven by their technical capabilities. Second, 

high tech markets evolve fast and require flexibility in product development, which 

depends strongly on R&D and technical know-how, as well as on production 

facilities. These aspects are more important for long-term relationships as 

improvement is needed without the possibility of changing supplier due to long-

term contracts, what leaves only the possibility of internal improvement of the 

supplier. 

Quality systems also are a pass-fail criterion, which is analyzed by the quality 

team, but which impact the supplier selection process goes no further than 

allowing the eligibility of the company as a supplier. This makes this criterion very 

important, as failing is these criteria means not being chosen as a supplier, but if 

comparing two suppliers with “passed” quality systems, the difference between 

their systems is not going to impact the supplier selection decision.  
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Product end use is the most important criteria because is what is first looked at 

for selecting a supplier. A supplier will never be even considered if the product is 

not suitable for the performance and safety of the battery.  

Service criteria are the least important ones because of the reason given 

previously, the service is not important if the product does not work, the cost is 

not affordable, or the company’s life is under jeopardy. Comment has to be made 

to the fact than in past research, delivery has been considered as one of the most 

important criterion (Lehmann and O’Shaughnessy, 1974; Evans, 1981; Wilson, 

2006), but in this study the absolute importance of that criterion is reduced. This 

can be due to the fact that delivery is considered a sub-criterion inside the service 

criterion, what definitely dilutes the total importance of this sub-criterion, as its 

importance inside the delivery criteria has to be multiplied by the importance of 

the service criteria compared to the other main criteria. Even if the interviewees 

stated that delivery is assessed during the last steps of the selection process, all 

said that it is an important criterion. This could open the discussion to consider 

delivery itself as one main criterion together with product, cost, supplier and 

service, so its importance is not impacted by the low importance of some of the 

service sub-criteria. 

 

Figure 13. Global sub-criteria weights 

 

5.2 CONTRIBUTION OF THE STUDY 

The theoretical framework is based on the model proposed in Kraljic (1983), were 

four material categories are described and different sourcing strategies are 
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proposed depending on the type of material to be sourced. That framework does 

not give any hint about what the characteristics and criteria may be to look at in 

a supplier in order to make the right supplier selection.  

Also, a lot of literature has been written about supplier selection criteria, but none 

of the studies did it by detailing different criteria weights for the different materials 

or kind of materials.  

This study provides an extension of the Kraljic framework by determining 

important are different criteria for the supplier selection decision depending on 

where they are positioned in the matrix. For doing so the case study has been 

conducted in high tech industry whose supply chain is not mature yet, so it is 

critical for the success of companies in this industry to secure the supply of the 

different raw materials needed to manufacture lithium-ion batteries. 

5.3 MANAGERIAL IMPLICATIONS 

The findings of the study could be very useful for the management and 

purchasing departments of Li-ion battery manufactures as well as for other 

industries, as the findings show that there is an actual difference between the 

importance of the different criteria for selecting a supplier depending on the 

strategic profile of the material itself. The main two findings that could be useful 

to consider in the actual industry world are: 

1) This study provides knowledge about how the level of importance of the 

different criteria considered when selecting a supplier may change 

depending on the strategic importance of the material into the business. 

2) The study gives the insights and most important considerations about why 

each criterion is important or not for the purchasing of materials, as well 

as confronting the reasons of this among the different kind of materials. 

5.4 LIMITATIONS STUDY 

Regarding the context, one limitation has been the youth of the firm, as the firm 

has already set all the processes and most of the procedures, but it is not 

manufacturing batteries. This fact is an actual limitation because maybe some of 

the insights provided by the experts interviewed were based on assumptions or 

hypothesis that have not been tested yet. Most of the suppliers were already 

selected or were close to being selected, and this process was done based on 

some criteria, but there is no proof yet that that were the right criteria as the 

sourcing process had not started yet. Even if the interviewees had previous 

experience in purchasing the goods needed or similar ones, no one had the 

conviction enough to state certainly the importance of each criterion, as the 
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supply chain for these materials for the volumes that are going to be needed has 

no precedent in the European market. This has its implications on the supplier 

selection process as new supply chain routes have to be developed and be fully 

functional at a fast pace to not limit manufacturing and product development 

processes, which according to the interviewees most likely will look different and 

will be more standardized in the future when the industry would be more mature 

and more suppliers will be operating in Europe.  

Another limitation has been the sample size which in total has been nine 

participants. The number of interviewees was enough to determine which criteria 

were important and understand the level of importance, as well as for 

understanding the reasons behind that importance. Nevertheless, the limited 

number of interviewees that filled the AHP survey is not enough to state that the 

weights calculated are accurate enough. Anyhow, as the case study was focused 

on the European and more specifically on a Swedish company, the sample gotten 

is the biggest possible, as none of the major players in the market is European, 

and the company in which the study was developed is set to be the biggest 

European manufacturer in the following years. 

5.5 SUGGESTIONS FOR IMPROVEMENT 

Many of the interviewees stated the importance of considering deal-breaker 

criteria, or so-called pass-fail criteria, before starting the AHP process and 

discussing criteria weight as a supplier selection tool. Therefore, modifying the 

presented AHP model to a two-stage AHP supplier selection model. The weights 

derived from the presented model could, therefore, be applied to a modified AHP 

model that takes to regard pass-fail functions to specific prerequisites before 

applying the model to evaluate and rank suppliers. This as many suppliers will be 

filtered out at an early stage if they don’t live up to for example the expected 

financial status, managerial alignment and quality requirements. The results 

show that the prerequisites vary between material types, they can, therefore, be 

addressed at an individual level by each purchaser or defined at a higher level as 

a consensus for all raw materials. In addition, the criteria proposed were stated 

by some of the interviewees to be relevant and correct in general but some of the 

criteria could be removed and substituted for other criteria. This although should 

be developed with time using the presented criteria as a starting point.   
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Figure 14. Modified two-stage AHP model for the firms’ supplier selection 

In addition, most of the interviewees said that during the selection process the 

weight of the criteria may change so it could be useful to extend the model 

providing it with the flexibility to adapt the weights depending on the stage of the 

supplier selection process. Usually the first thing to look at when selecting a 

supplier is if the product is suitable or no for the production of the batteries, after 

that the credit rating of that company has to be validated, then the quality systems 

have to be checked, after that negotiations about costs happen, and last other 

important issues as managerial alignment, environmental friendliness or delivery 

conditions are assessed and the supplier is selected. However, if in some of the 

first steps of the process a supplier is discarded due to non-conformity with the 

conditions assessed at that step, the following criteria would not even be 

evaluated. 

5.6 FUTURE RESEARCH 

The researchers do not doubt the importance and usefulness of using the AHP 

or some type of standardized supplier selection tool within the firm as the 

understanding of criteria and their weights should be discussed and highlighted 

for internal uses. Although, during the interviews, the proposed AHP model 

showed weaknesses due to its rigid design and to some extent the use of pre-
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defined criteria set that does not fully fit the industry and should be further 

modified before setting as a standard. 

The model presented within this research has shown the possibility to align 

supplier selection criteria using the AHP with the different segments of the Kraljic 

Matrix and possibly improving the overall efficiency of the supplier selection 

processes as well as developing a general understanding of the criteria weights 

for different raw material types. In order to validate the findings of this study which 

show that different types of materials according to the Kraljc matrix have different 

importance weights, the same methodology could be applied to the other industry 

presenting the same material categories or even to the same industry but in 

another location. By doing so, if the relative weights have a similar correlation to 

the strategic cluster to which the materials belong to the correlation found in this 

study, this thought would be validated and taken as more general knowledge and 

not only case specific. 

As an addition, the strategic material clusters, the nature of the materials could 

also affect the criteria weights. For example, chemicals, as well as materials at 

risk of pollution, have a higher need for handling packaging than materials solid 

materials. These characteristics had not been taken into account by the 

researchers at an early stage but showed great importance and should be 

mapped when developing a standardized supplier selection tool. It could be 

interesting to conduct a similar study but clustering the materials according to 

another dimension that could be also useful. However, to this specific industry, 

the researchers think that the clusterization taken from Kraljic is the more suitable 

one. 

As briefly presented in chapter 5.3 a hypothetical extended model of the AHP 

with a go/no-go screening function was developed during the interviews and 

workshops. This as is some critical factors that for most materials have to be met 

for the supplier to pass for minimum requirements before assessment. The 

researchers believe that before using the AHP as a supplier selection the 

minimum requirements have to be standardized for different raw material clusters 

to provide with an efficient and reliable supplier selection method. For that more 

time and supplier data should be available to run tests and develop the tool. 
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6. CONCLUSIONS 

Following chapter will present the conclusion withdrawn from the analysis of the 

results, thus answering the study’s research questions.  

The objective of the study was to develop a framework to assess the criteria for 

supplier selection for different types of raw materials according to their strategic 

profile within the BEV industry. This has been done at a Swedish manufacturer 

of lithium-ion batteries using a combination of the Kraljic Matrix and the AHP in 

order to answer the two research questions: 

● Which are the most important criteria and sub-criteria for selecting a 

supplier in the European lithium-ion battery manufacturing industry? 

● Does the importance of the supplier selection criteria differ depending on 

the strategic profile of the material? 

Supplier selection criteria taken based on the existing literature were discussed 

and assessed in surveys and interviews with nine purchasing experts working in 

the company. The aim of the process was to determine which criteria should be 

included in the AHP analysis, gather the data for conducting the analysis, and 

understanding the rationale behind the answers in order to generate deeper and 

more thoughtful findings.  

The results obtained show that differences exist between the supplier selection 

criteria and sub-criteria depending on which strategic cluster the raw materials 

belong to. The difference can be directly linked to the underlying theory of the 

Kraljic Matrix as well as the industrial context of the firm.  

Product end-use was the most important criterion for selecting the suppliers of all 

the clusters. After product end-use, the criteria with more importance in the 

strategic and bottleneck items was more focused on long-term aspects, like the 

ones affecting the supplier stability and relationship. The cost was a key aspect 

for both strategic and non-critical items but for different reasons, due to its high 

contribution to production cost for strategic, and due to the lower level of 

importance of other criteria in the non-critical items due to a higher 

commoditization level. 

The findings show that actually suppliers for different types of materials should 

be selected giving different importance to the criteria taken into account. In 

addition, the importance of these criteria also changes during the selection 

process and some of them have the role of deal-breaker at some steps, and this 

is an interesting phenomenon to be further studied.
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APPENDIX 2: PAIRWISE COMPARISONS 

Survey Master Thesis 

Name: 

Survey oriented to the sourcing of: 

In this survey you are asked to do a pairwise comparison of the importance of 

that criteria in the supplier selection decision. The scale to be used is the one 

that follows: 

Four clusters of criteria are going to be analyzed, comparing the criteria inside 

them between each other and afterwards comparing the clusters between them. 

Value Description 

1 Equal: the categories are of equal importance 

3 Moderate: one of the categories is slightly more important than the other 

5 Strong: one of the categories is strongly favored over the other 

7 
Very strong: one of the categories is strongly favoured over the other, and 

its dominance is demonstrated in practice 

9 
Extreme: the difference in importance between the two categories is so 

extreme that the categories are not comparable 

Example 

If you consider that support service from the criteria of the supplier is “strongly” 

more important than its professionalism, your answer should look like this: 

 

COST CRITERIA 
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The cost cluster refers to all the costs associated with the purchase of the 

products. Inside the cost criteria cluster, there are three sub-criteria existing: 

price, transport and taxes. 

− Price: the price of the product to be bought itself 

− Transport: costs associated with freight and logistics 

− Taxes: taxes and import or custom fees 

Please, cross one number on each row: 

 

 

 

SUPPLIER CRITERIA 

Supplier criteria refer to all the characteristics of the supplier itself as a 

company, as its financial situation, its management, their technical know-how 

and expertise, the support resources available, their quality systems and their 

location. It comprehends six sub-criteria: financial, managerial, technical, 

support, quality systems and location. 

− Financial: financial strength, long-term stability, secure performance 

standards and availability 

− Managerial: alignment, relationship, confidence, commitment, etc. 

− Technical: R&D, facilities, expertise, patents, performance, processes, 

etc. 

− Support: legal, IT systems, delivery, training, regulatory teams, etc. 

− Quality systems: control procedures, quality measures, certifications, 

quality manuals, reporting system, etc. 

− Location: location, environmental risk (policies, weather, resources), 

currency 

− Transparency: how open is the supplier to share information 

(processes, costs, etc.) 



109 
 

Please, cross one number on each row: 

 

 

 

PRODUCT PERFORMANCE CRITERIA 

The product performance cluster refers to the characteristics of the product to 

be purchased from the supplier. It comprises three sub-criteria: end use, 

handling and environmental friendliness. 

− End use: quality, functionality, reliability, compatibility, durability, etc. 

− Handling: packaging, shelf-life, storage requirements. 

− Environment friendliness: Recyclability, environmental impact, carbon 

footprint, etc. 

Please, cross one number on each row: 
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SERVICE CRITERIA 

The service performance cluster refers to the service the supplier offers 

together with the product to be bought, having below it four different sub-criteria: 

delivery, professionalism, follow-up, satisfiers and support.  

− Delivery: lead time, minimum order quantity, frequency, flexibility. 

− Professionalism: knowledge, accuracy, attitude, reliability, accessibility, 

timeliness, responsiveness. 

− Follow-up: Attitude towards information exchange. 

− Satisfiers: value-added services. 

Please, cross one number on each row: 

 

 

CRITERIA COMPARISON 

The last task is to evaluate the difference in importance between the criteria 

clusters themselves. 

Please, cross one number on each row: 
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APPENDIX 3: INTERVIEW GUIDE 

This guide serves as a reference to conduct the interviews to be conducted in 

order to validate the insights and information collected in the two precedent 

surveys, as well as to give a better context and understanding of the subject. 

The goal of the interview is to validate the consistency of the answers of the 

surveys, but also to understand what the rationale behind the answers is, what 

will provide knowledge to explain the possible differences in the importance of 

the criteria between the different types of materials. 

The interview will be divided into two sections, one short initial section to validate 

the position of the material in the Kraljic matrix, by asking questions regarding the 

supply risk and the impact on profitability and business successfulness of the 

product. The second section is focused on asking a question regarding the 

importance of the criteria selected to be analyzed 

However, as the interview is supposed to be semi-structured, the interviewee will 

have the freedom to answer the questions openly, and some other questions may 

arise during the interview to better understand some of the answers given by the 

interviewee.  

MATERIAL TYPE ACCORDING TO KRALJIC 

SUPPLY RISK 

-        Do you consider that the material you are buying is under supply risk? 

-        Does the current supply meet the demand? 

-        How is the production cost of this material compared with the end price? 

Is it expected to stay like that? 

-        Where does the material come from? Is that geographical location under 

risk or instability, like political or climatological? 

-        How much power do the suppliers have in the market? Do you expect this 

situation to change in the future? 

-        Is the supply-demand situation expected to change or vary? 

PROFIT IMPACT 
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-        How important is the material you are purchasing to produce the product? 

-        How much does the material impact the cost of the product? 

-        Does the material add a lot of value to the product? 

CRITERIA EVALUATION 

-        What are the main criteria you consider when selecting a supplier for the 

material? 

SUPPLIER 

-        Are the supplier itself and its characteristics important considerations when 

selecting the supplier? 

-        Do you look at the financial situation of a supplier? Is it important? Why? 

-        Is the management team of the supplier a variable you consider when 

selecting the supplier? Why? 

-        How important for you are the technical capabilities (R&D, facilities, 

expertise, patents, etc.) of the supplier? 

-        Some suppliers have support capabilities as legal, regulatory or IT teams, 

for example, do this kind of support capabilities influence your decision of 

supplier selection? 

-        Do you evaluate the quality systems of the supplier as an important 

criterion? 

-        How important is for you the location of the supplier, considering it may 

affect the environmental risk (policies, weather, etc.) or the currency used in 

transactions? 

PRODUCT 

-      How important are the characteristics of the material you are buying when 

selecting the supplier? 

-        What are the main variables you look at when evaluating the material? 

-   Are the end-use characteristics (quality, functionality, reliability, etc.) the 

main things considered? 



115 
 

-       Do you also consider other product characteristics as handling (packaging, 

labelling, self-life) or the environmental friendliness? How important are they? 

Why? 

COST 

-        How important is the total cost of buying the material when selecting a 

supplier? 

-        Is the price of the material itself very important? 

-        Do you consider other costs like transport and taxes? How important are 

they in the decision-making process? Why? 

SERVICE 

-        Apart from the main topics discussed before, how important do you 

consider the service provided by the supplier is? How important do you 

consider the service is compared with the other variables? 

-        Regarding the service, what do you value most? 

-        How important is the delivery performance of the supplier and its 

conditions? 

-        Is the support provided by the supplier important for you? 

-        How important is the professionalism of the supplier when choosing them? 

-        Do you consider as important other value-added services /satisfiers? 

Which and why? 

-        Is the attitude toward information exchange important for selecting the 

supplier? 
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