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Modern supply chains are constantly exposed to supply risks, the realization of which can 
cause serious damage to companies. One serious realization of supply risks is the 
unavailability of critical components. Ensuring a smooth material flow is crucial for business 
continuity, as material unavailability can lead to increases in material prices, shifts in 
customer demand and production shutdowns causing significant economic damage. To 
ensure the availability of critical components, effective supply risk management is needed.  
 
The purpose of this master's thesis is to investigate how supply risk management can be 
utilized to ensure the material availability of critical components, focusing specifically on 
the battery systems manufacturing industry. This study builds on literature by exploring the 
relationship between supply risk management and the availability of critical components.  
 
The empirical section of this study has been carried out utilizing a qualitative research 
methodology and the primary data is collected through six semi-structured interviews with 
procurement professionals. Four of the interviewees are chosen from a battery systems 
manufacturing company, while two participants are selected based on their prior experience 
and knowledge in procurement. Additionally, the interviewed company's websites and 
publicly available documents have been utilized in this study as secondary data. This thesis 
utilizes a qualitative content analysis to analyze the data.  
 
The findings of this study suggest that to ensure the material availability of critical 
components, transitioning from an individual-dependent supply risk management approach 
to a more in-depth and process-driven supply risk management methodology should be 
preferred. Companies should focus on utilizing a systematic four-step supply risk 
management process as well as both buffer and process improvement strategies. 
Furthermore, this study suggests that there is no one-size-fits-all strategy for managing 
supply risks to ensure the availability of critical components. Instead, supply risk 
management should be aligned with the unique context of each company, taking into 
consideration company size, market conditions, component characteristics and supply chain 
features.   
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Modernit toimitusketjut ovat jatkuvasti alttiina hankintariskeille, joiden realisoituminen voi 
aiheuttaa yritykselle vakavia vahinkoja. Yhtenä vakavana hankintariskien realisoitumisena 
voidaan pitää kriittisten komponenttien saatavuusongelmaa. Sujuvan materiaalivirran 
varmistaminen on keskeistä liiketoiminnan jatkuvuuden kannalta, sillä materiaalien 
saatavuusongelmat voivat johtaa materiaalihintojen nousuun, asiakaskysynnän muutoksiin 
sekä tuotannon seisahtumiseen ja sitä kautta merkittäviin taloudellisiin menetyksiin. Jotta 
kriittisten komponenttien saatavuus voidaan varmistaa, tehokasta hankintariskienhallintaa 
tarvitaan.  

Tämän maisterintutkielman tavoitteena on tarkastella, miten hankintariskienhallintaa 
voidaan hyödyntää kriittisten komponenttien materiaalin saatavuuden varmistamisessa, 
keskittyen erityisesti akkujärjestelmiä valmistavaan teollisuuteen. Tämä tutkimus pohjautuu 
kirjallisuuteen tarkastelemalla hankintariskienhallinnan ja kriittisten komponenttien 
saatavuuden välistä suhdetta.  

Tutkimuksen empiirinen osuus on toteutettu laadullisena tutkimuksena, ja primääriaineisto 
on kerätty kuudella puolistrukturoidulla haastattelulla hankinnan ammattilaisilta. Neljä 
haastateltavaa on valittu akkujärjestelmiä valmistavasta yrityksestä, kun taas kaksi 
osallistujaa on valittu heidän aiemman hankintakokemuksensa ja -tietämyksensä perusteella. 
Lisäksi tässä tutkimuksessa on hyödynnetty sekundääriaineistona haastateltavan yrityksen 
verkkosivustoja ja julkisesti saatavilla olevia asiakirjoja. Aineiston analyysissa on käytetty 
laadullista sisällönanalyysia.  

Tämän tutkimuksen tulokset viittaavat siihen, että kriittisten komponenttien materiaalin 
saatavuuden varmistamiseksi tulisi siirtyä yksilöihin nojaavasta hankintariskienhallinnasta 
kohti syvällisempää ja prosessilähtöisempää riskienhallintaa. Yritysten tulisi hyödyntää 
systemaattista ja nelivaiheista hankintariskienhallintaprosessia sekä puskuri- että 
prosessikehitysstrategioita. Lisäksi tämä tutkimus osoittaa, ettei ole olemassa yhtä, kaikille 
sopivaa strategiaa hankintariskienhallintaan kriittisten komponenttien saatavuuden 
varmistamiseksi. Sen sijaan riskienhallinta tulisi sovittaa kunkin yrityksen yksilölliseen 
toimintaympäristöön huomioiden yrityksen koon, markkinaolosuhteet sekä komponenttien 
ja toimitusketjun ominaispiirteet. 
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1  Introduction 

1.1  Background 

Modern supply chains have become increasingly complex, consisting of long supplier 

networks across multiple industries operating globally. Globalization, rapid development of 

technology, increasingly complex products, ever-demanding customers and shorter lead 

times have caused supply chains to become increasingly unstable and more vulnerable to 

disruptions. (Bier, Lange & Glock, 2020; Huma, Ahmed & Najmi, 2020) This vulnerability 

is influenced by many risk factors such as political events, long distances from source, 

demand fluctuations, insufficient capacity, financial instability of suppliers, management 

turnover, and changes in technology and product availability. (Giunipero & Aly Eltantawy, 

2004) 

Zsidisin (2003a) emphasizes that suppliers and supply networks are significant sources of 

risks to firms. Companies' growing dependency on suppliers in managing their operations 

has increased the importance of focusing on the upstream supply chain. (Gualandris & 

Kalchschmidt, 2014) According to Huma et al. (2020), manufacturing firms typically 

outsource many of their noncore activities which has increased the risks related to their 

external partners. Furthermore, factors such as complex and critical materials, difficult 

supply markets, global sourcing and environmental turbulence have been found to expose 

firms to supply risks. (Gualandris & Kalchschmidt, 2015) 

In the past, there have been several examples where the realization of supply risks has caused 

serious damage to firms' supply chains. In 1997, Toyota had to shut down twenty of its 

assembly lines as one of its critical component suppliers faced a fire. In 2000, Ericsson faced 

a loss of 400 million dollars due to a small fire in its sub-suppliers' plant. (Norrman & 

Jansson, 2004) In 2011, several global supply chains faced serious disruptions as the tsunami 

and earthquake disaster forced many companies in Japan to stop their production. (Sanci, 

Daskin, Hong, Roesch, & Zhang, 2022) Most recently, crises such as Russian invasion of 

Ukraine and the COVID-19 pandemic have caused severe impacts to supply chains. COVID-

19 caused serious disruptions in supply chains globally such as delays in component 

deliveries, raw material shortages and transport restrictions. (Mouloudi & Evrard Samuel, 
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2022; Hallikas, Evangelista, Lintukangas, Kähkönen, & Immonen, 2022; Sakthivel, 

Kandasamy & Davim, 2021; Sanci et al., 2022) Most recently, the Russian invasion of 

Ukraine has caused severe impacts in the already vulnerable global supply chains, including 

disruptions in energy supply, cost increases of raw materials and transportation as well as 

production delays. (Cui, Yue, Nghiem, & Duan, 2023; Ngoc, Viet, Tien, Hiep, Anh, Anh, & 

Dung, 2022) As both the global environment and supply chains have become more complex, 

the disruptions occur more frequently and have more severe impacts on production 

continuity. (Bier et al. 2020; Huma et al. 2020; Kern, Moser, Hartmann & Moder, 2012)  

The aforementioned examples highlight the critical need for effective supply risk 

management to enable companies to adapt in a constantly changing world. Furthermore, 

according to Hoffmann, Schiele & Krabbendam (2013), activities related to supply risk 

management are considered to have a positive impact on the performance of a company and 

its supply chain management. Additionally, supply risk management practices can help firms 

to gain competitive advantage, ensure sustainability, mitigate and overcome risks, control 

costs and ensure material availability. (Giunipero et al., 2004; Gualandris et al., 2015; Huma 

et al., 2020) 

To help companies to secure their supply chains and achieve these benefits regarding supply 

risk management, previous literature has recognized the importance of identifying and 

managing risks especially among key critical components. This is essential particularly in 

metal-dependent industries where most of the metals are non-renewable and supply 

conditions are often unstable leading to a higher risk of material shortages. (Mouloudi et al., 

2022)  

In the battery systems manufacturing industry, the critical components associated with 

significant supply risks include materials referred to as "technology metals", such as natural 

graphite, cobalt and lithium as well as other rare earth metals. (Ballinger, Stringer, Schmeda-

Lopez, Kefford, Parkinson, Greig, & Smart, 2019; Mouloudi et al., 2022; Petavratzi & Gunn, 

2023) The battery systems manufacturing sector's perspective is particularly interesting as 

companies in this industry often face challenges in their supply chains such as limited 

transparency and high complexity as well as environmental, geopolitical, geological and 

geographical challenges related to the critical components. (Mouloudi et al., 2022; Petavratzi 

et al., 2023)  
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The market for battery metals has grown rapidly and the demand for these components will 

continue to grow in the coming years. One of the key challenges in sourcing these critical 

components is the availability of materials. Suppliers in the mining and processing industry 

often have long delivery times for metals and minerals, and even a minor disruption at the 

beginning of the supply chain has a negative impact on product deliveries in the rest of the 

supply chain. (Petavratzi et al., 2023) According to Zsidisin (2003b), regardless of the price 

of components, the unavailability of products from a supplier may have negative impact on 

company's profit. As a more extreme example, in the 1970s, political instabilities caused 

drastic decrease in material availability of cobalt, which led to a price increase of 380 %. 

This resulted in changes in the whole supply chain, more precisely in production 

technologies, products, national policies and sourcing routes. (Alonso et al., 2007) Ensuring 

material availability is crucial for business continuity, especially in the manufacturing 

industries, where firms depend on timely access to the right components to produce goods 

and meet customer demand. (Alonso, Gregory, Field & Kirchain, 2007)  

There are limited studies that investigate the relationship between supply risk management 

and the availability of critical components. More precisely, the relationship has not been 

widely studied from the perspective of battery systems manufacturing industry. This study 

aims to fill the research gap by finding out how supply risk management can be utilized to 

ensure material availability of critical components. Furthermore, this study aims to 

understand the current state of supply risk management in a company operating in the battery 

systems manufacturing industry and to make proposals that could help to ensure material 

availability. 

1.2  Research questions 

The research questions of this study are answered by comparing the findings from existing 

literature with empirical data. The aim of this thesis is to examine how material availability 

of critical components can be ensured with the help of supply risk management. Thus, the 

main research question is the following:  

a. How can material availability of critical components be ensured with the help of 

supply risk management?  
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With the main research question, the aim is to understand the relationship between supply 

risk management and material availability of critical components. The following two sub-

research questions have been selected to support the main research question:  

1. What are the most significant supply risks that disrupt the availability of critical 

components? 

2. What are the key supply risk management strategies and actions to manage the 

most significant risks? 

With the first sub-research question, the aim is to find the most relevant supply risks that 

impact the material availability of critical components. Risk identification is considered as 

the first critical step of the risk management process. The goal with risk identification in this 

study is to find all significant risks that disrupt the availability of critical components. 

Further, the aim of risk identification is to distinguish the risks that should be examined more 

closely from those that can be seen as non-significant. After identifying the most relevant 

supply risks that affect the availability of critical components, it is possible to consider the 

most important supply risk management strategies and actions. (Kern et al., 2012) This leads 

us to the reasoning of the second sub-research question.  

Previous literature has identified several risk management strategies to manage supply risks. 

(Guido, Cagno, & Zorzini, 2008) With the second sub-question, the aim is to find the most 

significant risk management strategies and actions to manage the previously identified 

supply risks. After recognizing the key supply risk management strategies and actions, the 

relationship between material availability of critical components and supply risk 

management can be examined. Finally, the main research question can be answered, and the 

purpose of this study can be fulfilled.  

1.3  Conceptual framework 

The conceptual framework presents the key theories on which this thesis is based as well as 

the relationships between the theories. The framework focuses mainly on integrating supply 

risk management methods to ensure the availability of critical components. The conceptual 

framework can be found in Figure 1. This thesis begins by reviewing existing literature on 

supply risks, which form the basis for this study. The aim is to find the most significant 
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supply risks that disrupt the availability of critical components. This is followed by an 

exploration of supply risk management theories. Supply risk management is particularly 

examined from the perspective of a risk management process. The aim of supply risk 

management process is to find the most effective management actions to manage the 

significant supply risks in terms of material availability. The process begins with risk 

identification, after which the risks are assessed. Next, risk management actions are 

developed and implemented, after which risks are monitored. Finally, after understanding 

the concepts of supply risks and supply risk management, they can be applied to ensure the 

material availability of critical components.  

 

Figure 1 Conceptual Framework 

1.4  Key concepts 

This chapter introduces the key concepts of this study. The concepts are the following: 

supply disruption, supply risk, risk management, supply risk management and critical 

components.  
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Supply risks  

According to Zsidisin (2003a) supply risks can be 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." Furthermore, risks are 

typically associated with only negative outcomes. (De Lima & Seuring, 2023) 

Supply disruption 

Chakraborty, Chauhan & Ouhimmou (2020) define supply disruption as a sudden 

interruption in supply caused by unexpected events that have a major effect on the entire 

supply chain. Supply disruptions may cause serious short- and long-term damage on 

company's operational performance, reputation, sales, long-term stock prices and 

stakeholder value. Relationships with suppliers and customers may also be negatively 

affected. (Bode & Wagner, 2015; Lu, Yan & Browning, 2024) 

Risk management  

Risk management refers to increasing the knowledge of possible loss-making events, 

reducing the probability of such events occurring and mitigating the effects of these loss-

making events. (Ellegaard, 2008) Risk management includes understanding the factors 

behind potential losses and gains, as well as their probability of happening. It should be firm-

specific and integrated rather than managing single risks separately. (Krause, 2006) 

Supply risk management  

Supply risk management, often also referred as upstream supply chain risk management, 

include activities that have a positive impact on the performance of a company and its supply 

chain management. (Hoffmann et al., 2013; Kern et al., 2012) According to Hallikas, 

Karvonen, Pulkkinen, Virolainen & Tuominen (2004), supply risk management can be seen 

as a process with the four following stages: identifying risks, assessing risks, implementing 

risk management actions and monitoring risks.  

Critical components 

Critical components can be defined as components which shortage or failure may lead to 

loss in production, damage in safety or threat to the environment. (Antosz & Ratnayake, 
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2019) In the event of a component failure, corrective actions must be taken immediately, 

and new components must be ordered as soon as possible. (Huiskonen, 2001) 

1.5  Limitations 

There are certain limitations that might affect the validity and reliability of this study. This 

thesis mainly focuses on supply risk management of one purchasing company's perspective 

and does not consider any other companies' perspectives. The interviewed company operates 

in the battery systems manufacturing industry and this study does not consider any other 

industries. As of product categories, this study mainly focuses on the availability of one 

firm's critical components and does not consider any other product categories. By focusing 

on a single company's perspective and the availability of a certain product category, a more 

in-depth and specific analysis of this topic is ensured. However, due to this limitation the 

results of this study cannot be directly applied to other companies nor be generalized in wider 

context.  

To keep the scope of this study manageable, certain limitations are set. In the context of risk 

management, this study mainly focuses on the upstream supply chain risk management and 

does not consider risk management in the whole supply chain. Additionally, this study 

focuses primarily on the supply risk management process to answer the research questions, 

and therefore other risk management methods are not considered in this study.  

This study utilizes qualitative research methodology to help answer the research questions. 

According to Lim (2025), qualitative research approach allows studies to capture subjective 

experiences and perspectives of complex phenomena. The semi-structured interview 

approach allows this study to gain subjective insights of the interviewed company's supply 

risk management and component availability. To narrow the scope of this study, the 

interviews focus on the perspectives of procurement professionals in Finland, and therefore, 

the interviewed company's operations in other countries are not considered in the results. 
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1.6  Research methodology & data collection plan 

This study utilizes qualitative research methods to examine how material availability of 

critical components can be ensured with the help of supply risk management. According to 

Eriksson & Kovalainen (2008), qualitative research approach can be used to understand the 

core processes of businesses and to examine complex business-related circumstances in their 

own contexts. As this study aims to understand complex phenomena such as supply risk 

management and critical component material availability in a business environment context, 

the qualitative research approach is justified for this study. Additionally, qualitative research 

answers the questions on "how" things work in real-world business environments and aims 

to understand subjective perspectives and experiences. (Eriksson et al., 2008) The qualitative 

research approach is chosen as this study aims to explore supply risk management and 

component availability through the subjective perspectives of the interview participants. 

(Lim, 2025) 

This study utilizes semi-structured interviews as the primary data collection method. Semi-

structured interviews are used to obtain responses to predefined open-ended questions. 

(Denny & Weckesser, 2022) According to Kvale (2007), the aim of semi-structured 

interviews is to obtain interviewees personal perspectives on the discussed themes. The 

purpose with these interviews is to gain a deeper understanding of the most significant 

supply risks and their risk management strategies from a company's perspective in terms of 

ensuring material availability of critical components. To gain a comprehensive 

understanding of the topic, the interview participants are selected to be procurement 

professionals with slightly different roles. This enables comparison of different interviewees' 

perspectives.  

The interviews are conducted via video calls and held in Finnish to ensure smooth 

communication. Meetings are then recorded and transcribed. The data collection of this 

study focuses mainly on one company, and most of the interview participants are selected 

from the procurement department of this specific firm, more precisely from the direct 

purchasing side. Additionally, two participants are selected from outside of the interviewed 

company based on their knowledge on battery systems manufacturing industry and 

procurement in general. The secondary data is collected using the interviewed company's 

websites and publicly available documents. (Denny et al., 2022) 
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1.7  Structure of the thesis 

This thesis consists of six main chapters that are Introduction, Literature review, 

Methodology, Empirical findings, Discussion and Conclusions. The second chapter, 

Literature review, presents the literature review of this study. In this chapter, the key themes 

of this study will be discussed with the help of existing literature. The key themes include 

supply risks, supply risk management, ensuring material availability and critical 

components. The first subsection, supply risks, explores the most significant supply risks 

identified in existing literature and describes their drivers. The second subsection, supply 

risk management, analyzes existing literature around the topic and particularly focuses on 

the risk management process. The risk management process steps, risk identification, risk 

assessment, risk management actions and risk monitoring are explained in more detail in 

their own chapters. The third and final subsection of the second chapter, ensuring material 

availability and critical components, explores previous literature on how material 

availability can be ensured and reviews theory of critical components.  

After the theoretical part of this thesis, the third chapter introduces the research 

methodology, the data collection plan and the data analysis approach used in this study. The 

first subsection, Data collection, explains how the data is collected using a semi-structured 

interview method. The following subsection, Data analysis, explores how the data is 

analyzed using content analysis. The final subsection introduces the interviewed company. 

The fourth chapter consists of the empirical findings of this study and interpretations based 

on them. This chapter introduces the most significant supply risks and supply risk 

management practices used in the interviewed company. Additionally, ensuring material 

availability of critical components is further discussed. The fifth chapter discusses the 

empirical findings and reflects them to previously presented literature. After this, the chapter 

answers the research questions of this thesis. The sixth and final chapter summarizes the 

main findings of this study, introduces several managerial implications, analyzes the 

potential limitations of this study and provides some interesting future research topics.   
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2  Literature review 

This chapter focuses on introducing existing research relevant to this study. First, this section 

provides an overview of supply risk sources, supply risk definitions and different ways of 

categorizing supply risks. Next, this chapter introduces some common supply risks 

mentioned in previous literature as well as their possible causes and consequences. This is 

followed by an overview of supply risk management. In particular, this subsection provides 

an overview of the supply risk management process and its stages. Finally, this chapter 

discusses ensuring material availability at a general level and presents some critical 

components relevant to the industry. The aim of this literature review is to build a 

comprehensive understanding of the concepts and definitions used in this study. 

2.1  Sources of supply risks  

Every buying company faces risks in their daily operations as risks have become 

unavoidable. Trends such as e-business, outsourcing, globalization and complex products 

have caused supply networks to become increasingly complex and vulnerable to disruptions. 

(Harland, Brenchley & Walker, 2003) In addition, geopolitical conflicts and trade wars have 

become increasingly significant threats to supply chains. (Cui, Pan & Song, 2025) The 

complex business environment has intensified supply chain risks and made them occur more 

frequently. In particular, supply risks related to critical components have become a 

significant concern. (Cui et al., 2025; Harland et al., 2003)  

Since supply risks have a negative impact on the whole supply chain, from the buying firm 

to suppliers, the risks should be properly managed. (Cui et al., 2025; Wu, Blackhurst & 

Chidambaram, 2006) In order to manage supply risks appropriately, it is crucial to 

understand the different types of supply risks and their possible causes. This allows decision-

makers to recognize potential sources of disruptions in advance and respond proactively to 

future risks. (Norrman et al., 2004)  

There are several studies in the existing literature that discuss the different sources of supply 

risks. Jüttner, Peck & Christopher (2003) argue that sources of supply chain risks include 

the uncertainties related to environment, organization and supply chain which certain 
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prediction is not possible. Norrman et al. (2004), then again, divide supply chain related risk 

sources into the following three categories: internal risk sources, external risk sources and 

supply network related risk sources. Internal sources can include uncertainties regarding 

production, labor and IT systems, whereas external sources cover social, natural, political 

and market/industry related uncertainties. Supply network-related risk sources include 

uncertainties arising from interactions between firms, for example due to poor cooperation 

and insufficient communication. (Norrman et al., 2004; Jüttner et al., 2003)  

Zsidisin (2003a) argues that sources of supply risks can be divided into two categories: 

individual supplier failures and supplier market characteristics. Individual supplier failures 

include, for example, quality problems, relationship issues, delivery failures, cost increases, 

inability to meet demand and supply discontinuity. Market characteristics, on the other hand, 

include factors such as market shortages, supplier patents, geographic concentration of 

suppliers and limited qualified sources. (Zsidisin, 2003a)  

According to Wiedenmann & Größler (2021), sources of supply risks can be either related 

to suppliers, products or external issues. Similarly, Ellis, Shockley & Henry (2011) classify 

supply risk sources into three categories: supply, product and geopolitical factors. Supply 

factors include, for example, supply market and supply network, whereas geopolitical factors 

involve societal disruptions and natural disasters. Product factors include things such as 

technology and customization. Giunipero et al. (2004) list the sources of supply risks as 

political events, long distances to sources, unpredictable fluctuations in demand, insufficient 

capacity, the financial instability of a supplier, management turnover, changes in technology 

and product availability.  

2.2  Supply risks 

Companies face several types of supply risks such as material availability risk, quality risk 

and price risk. (Zsidisin, 2003b) In literature, there are several ways to define supply risks. 

According to Wagner & Bode (2008), supply risks are related to the firms' upstream supply 

chain operations such as suppliers, supply networks, supplier relationships and purchasing. 

Supply risks, as defined by Zsidisin (2003a), mean "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 
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or cause threats to customer life and safety." Then again, Christopher, Mena, Khan, & Yurt 

(2011) refer to supply risks as the risks arising from the sourcing of goods by a company.  

According to Ellegaard (2008), supply risks are an inevitable part of companies' operations 

and often refer to the possibility of loss to the firm caused by events occurring in the 

upstream supply chain. These losses may be either social, physical, psychological, 

performance, financial or time related losses, and the level of loss may vary from minor 

operational losses to catastrophic losses. (Ellegaard, 2008; Harland et al., 2003) According 

to Zsidisin (2003b), supply risks include both the probability of loss, defined as the number 

of times an event with negative consequences occurs divided by the total number of possible 

events, and the significance of the loss.  

2.3  Categorizing supply risks  

Previous literature categorizes supply risks in various ways. Gualandris et al. (2015) divides 

supply risks into three risk categories which are supply related delays, distortions and 

disruptions. Delay risk is often caused by fluctuations in production and transportation lead 

times whereas distortion risk might occur because of shortages or opportunistic behavior in 

supply markets. Disruption risk, then again, is caused by unexpected and radical 

transformations in the supply chain, such as production shutdowns or failures in equipment 

and warehousing. (Gualandris et al., 2015)   

According to Huma et al. (2020), supply risks can be divided into internal and external risk 

categories. Internal risks often occur within a firms' operations whereas external risks are 

typically related to upstream suppliers. (Huma et al., 2020) Wu et al. (2006) categorizes 

supply risks by further grouping the internal and external risks into the following categories: 

controllable, partial controllable and uncontrollable. Internal controllable includes internal 

risks that could typically be controllable by the firm whereas external controllable includes 

external risks that are controllable by supplier firm. The internal partially controllable 

includes internal risks that are partially controllable by the firm, and external partially 

controllable refer to external risks that are partially controlled by supplier firm. Internal 

uncontrollable involve internal risks that are not controllable by the organization whereas 

external uncontrollable include external risks that are not controllable by the supplier firm. 

(Wu et al. 2006) 
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Spekman & Davis (2004) identify three supply risk categories that are information security, 

relational risk arising from opportunism and corporate social responsibility (CSR). 

Information security includes the risks related to sharing information with external parties. 

Opportunism refers to the risk of a supplier acting in its own interest which may appear, for 

example, as a lack of honesty. CSR includes risks related to suppliers potential 

compromising of environmental or ethical demands and standards. (Ellegaard, 2008; 

Spekman et al., 2004) 

According to Harland et al. (2003), the realization of risks may be caused by either a firm, 

its employees or by factors beyond their control. Zsidisin (2003a) divides the outcomes of 

supply risks to two categories: the "inability to meet customer requirements" and "threats to 

customer life and safety". The first category includes outcomes such as a failure to meet 

customer demand, missed shipments, subcontractor failures, negative effects on profit 

targets and loss of customer business. The second category consists of outcomes such as 

quality failures that result in reduced product quality and loss of life. (Zsidisin, 2003a) 

2.4  Supply risks, their drivers and realization of risks 

Zsidisin (2003b) argues that supply risks influence each other. As supply chain members are 

closely linked to each other, the risks one faces affect the entire supply chain. (Waters, 2011) 

The same risk drivers can cause many supply risks, and several supply risk characteristics 

can act as a source for another risk. The sources of supply risks are usually related to the 

uncertainty and characteristics of the upstream supply network whereas the outcomes of a 

realized supply risk negatively affect the inbound supply performance. (Wiedenmann et al., 

2021) The following subsections provide a more detailed overview of common supply risks 

identified in the existing literature, their drivers and the outcomes of what could happen if 

these risks are realized. Table 1 summarizes the findings.  

2.4.1  Logistics risk  

Logistics risk is one of the most common supply risks as most firms encounter problems in 

logistics regularly. (Ellegaard, 2008) This type of risk concern failures in shipping and 

transportation of goods as well as other disruptions in logistics that hinder the on-time 
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delivery of goods to customers. (Blackhurst, Scheibe & Johnson, 2008) Logistics risk can 

arise from problems in supplier's operations management or production, custom regulations 

and border crossing as well as accidents and insufficient capacity during transport. 

(Wiedermann et al., 2021; Blackhurst et al., 2008; Wagner et al., 2008) Furthermore, 

logistics risk can arise from a growing distance from source. The increased distance can 

cause longer lead times and possible disruptions in transportation, making the continuity of 

supply more vulnerable. If logistics risk realizes it can ultimately lead to threats in material 

flow and disrupt the timely delivery of goods. (Ellegaard, 2008; Giunipero et al., 2004)  

2.4.2  Quality risk 

Quality is seen as mandatory requirement for firms. Therefore, suppliers that suffer from 

product quality issues are often unable to remain in business for long. (Zsidisin, 2003b) 

Quality risks concern failures in product or service requirements. These failures can arise 

from poor supplier training in quality techniques or principles, poor production practices or 

transportation disruptions. (Ellegaard, 2008; Zsidisin, Panelli & Upton, 2000) According to 

Wiedenmann et al. (2021), sources of quality risks can further include insufficient 

manufacturing processes or innovation capabilities, limited common quality assurance 

strategies and technological competencies as well as faulty material handling. If quality risk 

realizes, the whole supply chain from the buying company to final customer can be 

negatively affected. (Zsidisin et al., 2000) 

2.4.3  Supplier capacity constraints 

According to Zsidisin et al. (2000), for manufacturing firms, a risk related to supplier 

capacity constraints means that suppliers are unable to produce the required quantity of 

products within a certain time frame and are therefore unable to meet the demand. This 

includes that suppliers are unable to react to fluctuations in capacity and cannot increase or 

decrease their capacity levels when needed. (Wiedermann et al., 2021) This type of risk often 

arises from problems in suppliers' operations management or production as well as 

disturbances in the flow of goods. Additionally, such risks can be due to demand 

fluctuations, which may lead to an inefficient use of employees and equipment. (Ellegaard, 
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2008; Giunipero et al., 2004; Wagner et al., 2008) If a risk related to supplier capacity 

constraints realizes, it may lead to the unavailability of products and services and adversely 

affect the competitiveness of the buying company. (Zsidisin, 2003b; Zsidisin et al., 2000)  

2.4.4  Supplier business risk  

Supplier business risks are associated with supplier related events that can cause an 

interruption of the relationship between suppliers and buyers. Supplier business risks include 

a threat of suppliers' financial instability which may lead to bankruptcy or default of the 

supplier. (Wagner et al., 2008) According to Zsidisin et al. (2000), this type of risk often 

becomes relevant when suppliers and buyers form a relationship, and the buying firm starts 

to rely on the supplier. A greater risk is faced especially when a supplier is unprofitable, it 

has a major impact of buying company's costs, no backup suppliers are available or the 

industry where the buying firm operates strongly relies on partnerships. (Giunipero et al., 

2004) Sources of supplier business risks can include the buying firm's dependence on a 

supplier, issues with supplier management, increases in purchase prices, negative events 

caused by economic conditions, suppliers’ financial instability or the issues regarding supply 

market competition and development. (Wiedenmann et al., 2021) 

2.4.5  Technological change risk 

According to Zsidisin et al. (2000), technological change risk refers to a situation where 

technology has improved rapidly, and suppliers are unable to keep up with the technological 

changes. This risk often arises from rapid improvements in technology that make the existing 

technology obsolete as well as the buying firm's dependency on outsourcing. (Wagner et al., 

2008; Zsidisin et al., 2000) If this risk realizes, suppliers will be unable to manufacture the 

necessary products at competitive prices to meet demand. (Giunipero et al., 2004) This often 

leads to negative impacts on competitiveness and costs to the buying firm. (Wagner et al., 

2008)  
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2.4.6  Disaster risk 

Zsidisin et al. (2000) argue that disaster risk considers situations where buying firms or 

suppliers face uncertainties over which they have no control. A typical feature for this risk 

is that preparation for this type of risk is complicated due to its unpredictability. (Spekman 

et al., 2004) Disaster risks can arise from geopolitical conditions, accidents, strikes, 

earthquakes, floods, fires, hurricanes and tornadoes which can happen at suppliers' premises 

or during the transportation of goods. (Wiedenmann et al., 2021; Zsidisin et al., 2000) A 

greater risk is often faced if the buying firm is dependent on a single source of supply. 

(Chopra & Sodhi, 2004) If disaster risk realizes, the whole supply chain from the buying 

company to final customer can be negatively affected. (Wiedenmann et al., 2021; Zsidisin 

et al., 2000) These negative effects could be things such as the unavailability of components 

and additional costs to the purchasing firm. (KT & Sarmah, 2021)  

2.4.7  Product design changes 

According to Spekman et al. (2004), companies make product design changes to lower costs, 

increase the availability of materials, meet varying customer requirements and to change the 

design of production processes. The risk related to product design changes refers to a 

situation where suppliers are incapable of changing their product design and production 

processes to meet the requirements of a buying firm. (Zsidisin et al., 2000) This risk often 

arises from growing customer demand and unpredictable changes of process technology and 

demand. (Giunipero et al., 2004) If a risk related to product design changes realizes it may 

cause negative impacts on the competitiveness and costs of the buying firm. (Wagner et al., 

2008) 

2.4.8  Supplier sustainability risk  

The environmental and social matters in supply chains include things such as worker safety, 

labor practices as well as investing in technologies that prevent and control pollution. 

(Shafiq, Johnson, Klassen & Awaysheh, 2017) The battery manufacturing industry's 

environmental policies regarding raw material mining have become stricter, posing new 
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standards for waste management and emission control. This has led to cost increases in 

production and pressures for sustainability. (Huang, Yao, Wei & Tao, 2026)  

Supplier sustainability risk means the possible occurrence of an event caused by a supplier 

that leads to environmental and/or social failures. This type of risk often arises from a 

pressure from stakeholders on companies to control their suppliers' sustainable performance. 

(Shafiq et al., 2017) If this type of risk realizes, the buying firm may face negative 

consequences such as financial penalties from the government, higher costs, a negative 

public image, or consumer boycotts. (Shafiq et al., 2017) 

Supply risk Risk drivers Result of risk 

occurring 

Previous literature 

Logistics risk Long distances from source; 

problems in supplier's 

operations management or 

production; custom regulations; 

border crossing; accidents 

during transport; insufficient 

capacity during transport;  

Threats in material 

flow; disruptions in 

timely delivery of 

goods 

Ellegaard (2008); 

Wiedernmann et al. 

(2021); Blackhurst et 

al. (2008); Wagner et. 

al. (2008), Giunipero et 

al. (2004)  

Quality risk Disruptions in transportation, 

insufficient manufacturing 

process or innovation 

capability, limited common 

quality assurance strategy and 

technological competences, 

faulty material handling 

Negative impacts on 

the whole supply 

chain 

Zsidisin et al. (2000); 

Ellegaard (2008), 

Wiedenmann et al. 

(2021)  

Supplier capacity 

constraints 

Problems in supplier's 

operations management or 

production; disturbances in the 

flow of goods; demand 

fluctuations  

Product and service 

unavailability; 

negative impacts on 

buying firms' 

competitiveness 

Ellegaard (2008); 

Giunipero et al. (2004); 

Wagner et al. (2008); 

Zsidisin (2003b); 

Zsidisin (2000) 

Supplier business 

risk 

Buying firm's dependence on a 

supplier; issues with supplier 

management; purchase price 

increase; economic conditions; 

Bankruptcy or default 

of the supplier 

Wagner et al. (2008); 

Giunipero et al. (2004); 

Wiedenmann et al. 

(2021)  
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financial instability of a 

supplier; issues regarding 

supply market competition and 

development  

Technological 

change risk 

Rapid improvements in 

technology; buying firms' 

dependence on outsourcing 

Unavailability of 

products; negative 

impacts on buying 

firms' competitiveness 

and costs 

Wagner et al. (2008); 

Zsidisin et al. (2000); 

Giunipero et al. (2004) 

Disaster risk Geopolitical conditions; 

accidents; strikes; earthquakes; 

floods; fires; hurricanes; 

tornadoes; single source of 

supply  

Negative impacts on 

the whole supply 

chain; unavailability 

of components; 

additional costs 

Wiedenmann et al. 

(2021); Zsidisin et al. 

(2000); Chopra & 

Sodhi (2004); KT et al. 

(2021)  

Product design 

changes 

Growing customer demand; 

unpredictable changes in 

demand and process technology 

Negative impacts on 

the competitiveness 

and costs 

Wagner et al. (2008); 

Giunipero et al. (2004); 

Zsidisin et al. (2000)  

Supplier 

sustainability 

risk 

Pressure from stakeholders Financial penalties 

from government; 

higher costs; negative 

public image; 

consumer boycott 

Shafiq et al. (2017) 

Table 1: Common supply risks, their drivers and outcomes according to existing literature 

2.5  Supply risk management 

The complexity of supply risk management has increased due to today's market 

characteristics. As the modern business environment is changing rapidly, organizations must 

adapt by making fast decisions to keep up with the changes. (Aqlan & Lam, 2015) Wu et al. 

(2006) argue that supply risk management is a crucial part of supply chain management and 

it is critical for a firm's success to manage supply risks. According to Hoffmann et al. (2013), 

supply risk management activities tend to have a positive impact on firm's performance and 

therefore should be integrated into firms’ processes.  
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Risk management has been widely discussed in existing literature. According to Ellegaard 

(2008), risk management refers to increasing the knowledge of possible loss-making events, 

reducing the probability of such events occurring and mitigating the effects of these loss-

making events. According to Giunipero et al., (2004), risk management refers to a continuing 

process where supply chain members are dedicated long-term. Then again, Aqlan et al. 

(2015) argue that the aim of risk management is to identify, assess and prioritize potential 

risks after which risk mitigation, risk monitoring and risk control strategies should be 

developed. According to Harland et al. (2003), risk management often depends on firms' 

attitudes which means that companies usually take "positions" on risks that can be either 

analytical, defensive, prospective or reactive. 

To avoid and manage risks, companies should incorporate a variety of risk management 

actions into their operations. Alonso et al. (2007) emphasizes the importance of including 

supply risk management actions into a company's operations in order to ensure material 

availability. They suggest risk management actions such as adding flexibility by utilizing 

multiple supply sources and having inventory, increasing knowledge of the supply chain and 

increasing robustness. Other supply risk management actions, strategies and tools include 

things such as using expert panels and scenario planning, multiple sourcing or transitioning 

from global supply networks to regional ones. (Cui et al., 2025; Harland et al., 2003) 

According to Cui et al. (2025), multiple sourcing may increase competition between 

suppliers that can lead to price decreases. Furthermore, supply risk management strategies 

can include developing supplier relationships by training and educating suppliers, building 

long-term relationships with suppliers that are labeled as sustainable and responsible and 

having proper contracts with suppliers. (Huma et al., 2020)  

2.6  Supply risk management process 

Risk management processes have been widely studied in existing literature. According to 

Hallikas et al. (2004), supply risk management process consists of the four following stages: 

identifying risks, assessing risks, implementing risk management actions and monitoring 

risks.  
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2.6.1  Supply risk identification 

Supply risk management process begins with risk identification. Risk identification refers to 

recognizing the phenomena or events that cause uncertainty before they realize. (Hallikas et 

al., 2004) The aim is to find all possible risks in the upstream supply chain that are relevant 

to a firm. (KT et al., 2021; Kern et al., 2012) More precisely, risk identification includes first 

finding potential risk sources and drivers. After this, the potential consequences of each 

significant risk are identified as well as those supply chain areas that are impacted. (KT et 

al., 2021; Tummala & Schoenherr, 2011)  

Risk identification can, for example, focus on certain product types or certain suppliers. (Wu 

et al., 2006) To find the relevant risks, buying firms should increase their knowledge on their 

critical components, processes and suppliers. (Kern et al., 2012)  

Risk identification focuses on finding new potential risks and classifying already identified 

risks. (Kern et al., 2012) This can be done using checklists or check sheets, supply chain 

mapping and event tree analysis. (Ganguly & Bandyopdhyay, 2014) Risk identification helps 

firms to manage risks in advance, and it is a crucial part of risk management process to 

trigger any further risk management activities. (Hallikas et al., 2004; Kern et al., 2012) The 

quality of risk identification is critical for the entire supply risk management process as only 

risks that have been identified can further be assessed and managed.  (Kern et al., 2012)  

2.6.2  Supply risk assessment  

The second step in the supply risk management process is risk assessment. This process step 

enables buying companies to choose and prioritize the most relevant risk management 

actions for responding to risks (Hallikas et al., 2004; Zsidisin et al., 2000). The aim of risk 

assessment is to assess both the probability and potential consequences of a risk event to be 

able to understand the impacts that the firm may face. (Hallikas et al., 2004) Risk assessment 

can be used to distinguish between critically significant risks that threaten business 

operations and less significant risks. (Wiedenmann et al., 2021) 

Furthermore, the purpose of risk assessment is to assess and understand the significance of 

each risk in detail. This includes searching for potential sources and drivers of risks identified 



 25 

in the previous process step and analyzing the how the realization of these risks would affect 

the firm and its upstream supply chain. The impacts can be loss factors, such as, costs, 

reputation, trust, network position and knowledge (Hallikas et al., 2004). The severity of 

these disruptions on firms’ operations often depends on how quickly the risks realize and 

how long the risk events last. (Kern et al., 2012)  

Risk assessment includes classifying and prioritizing the identified risks. This can be done 

with the help of assessment tools such as risk maps or risk matrix. (Kern et al., 2012; 

Norrman et al., 2004) Figure 2 represents a risk matrix that utilizes impact and probability 

assessment scales (table 2 and table 3) to help companies understand which risks they should 

prioritize. (Glöser, Tercero Espinoza, Gandenberger & Faulstich, 2015; Hallikas et al., 2004) 

Rank Subjective estimate Description 

1 No impact Not significant to the whole firm 

2 Minor impact Some minor losses  

3 Medium impact Short-term challenges 

4 Serious impact Long-term challenges 

5 Catastrophic impact Business shut down  

Table 2: Impact assessment scale according to Hallikas et al., 2004 

Rank Subjective estimate Description 

1 Very unlikely  Very rare incident 

2 Unlikely There is indirect evidence of the incident 

3 Possible There is some evidence of the incident 

4 Likely There is strong evidence of the incident 

5 Very likely  Incident occurs often  

Table 3: Probability assessment scale according to Hallikas et al., 2004 
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Figure 2: Risk matrix according to Glöser et al. (2015); Hallikas et al. (2004) 

2.6.3  Supply risk management actions 

After identifying and assessing risk, next step in the risk management process is supply risk 

management actions. Typically, while choosing risk management strategies, various factors 

should be considered. These include the type of a risk, the source of a risk and firm's 

resources. (Aqlan et al., 2015) Therefore, at this stage of the process, previous knowledge 

on risk identification and assessment is used to respond to risks with appropriate 

countermeasures (Kern et al., 2012).  

According to Zsidisin et al. (2000), supply risk management actions are strategies that 

companies can use to respond to risks. These actions can be divided into buffer strategies 

and process improvement strategies. Process improvement strategies include those activities 

that decrease the probability of identified risks from occurring while improving supply 

processes. These strategies include activities such as supplier development initiatives and 

strategic partnerships. Buffer strategies include the activities that shield firms from risks that 

companies are unable to eliminate such as accidents and natural disasters. These strategies 
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include activities such as other optional sources of supply as well as inventories. (Zsidisin et 

al., 2000)  

Supply risk management actions involve efforts such as risk elimination, risk reduction, risk 

taking, risk transfer as well as individual risks' further analysis. (Hallikas et al., 2004) Risk 

transfer refers to a situation where firm's risks are transferred to another organization. This 

strategy usually considers risks that have high impact and low probability such as disruption 

risks. In practice, risk transfer can include utilizing contracts and insurance to manage risks. 

Risk elimination means avoiding risks by eliminating the sources and/or outcomes of risks. 

This strategy includes critical risks that have both high impact and probability and are crucial 

for business continuity. Risk elimination involves practices such as changing operation 

methods or transforming the supply chain. Risk reduction, on the other hand, means 

mitigating risks without eliminating them. This strategy considers risks that have low impact 

and high probability such as operational risks. In practice, risk reduction can include 

increasing the quality of tools and the utilized amount of quality tests, as well as operator 

education to reduce risks. (Aqlan et al., 2015) Hunger, Erfurth, Arnold & Wichmann (2026) 

further mention diversifying supplier base geographically as a way to reduce supply risks. 

Taking risks refer to accepting the risk when the costs avoiding the risk would be higher than 

the effect of the risk. This strategy includes risks that have both low impact and probability, 

and in practice, this includes using for example contingency plans. Ignoring risks refer to a 

situation where the risks are neither studied nor identified. This strategy considers risks that 

both have very low impact and probability. This method may pose a risk itself. (Aqlan et al., 

2015) 

According to Fan & Stevenson (2018), risk mitigation is one of the most researched risk 

management actions. The aim of risk mitigation activities is to minimize both the probability 

and the negative consequences of a risk occurrence so that the risk can be reduced to a 

reasonable level. (Fan et al., 2018; Kern et al., 2012) This can be done with the help of both 

mitigation strategies and contingency plans. Mitigation strategies are often utilized before 

the risk event occurs, and contingency plans are utilized after the risk event occurs. (Kern et 

al., 2012) Risk mitigation strategies can include for instance supplier audits and 

development, inventory increases, early supplier involvement in product design, dual and 

multiple sourcing, pooled demand as well as increases in flexibility. (Hunger et al., 2026; 
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Hoffmann et al., 2013) According to Kern et al. (2012), risk mitigation strategies should be 

risk-specific and primarily focus on the most significant risks.  

2.6.4  Supply risk monitoring 

Supply risk monitoring is the last part of the supply risk management process. According to 

KT et al. (2021), risk monitoring refers to observing risk sources and their assessment 

continuously so that risk mitigation strategies can be applied as quickly as possible and at a 

minimal cost. Therefore, supply risk monitoring can be seen as a warning system when risk 

levels rise and can help firms to respond to changing conditions and adjust their mitigation 

strategies. (Hoffmann et al., 2013) Supply risk monitoring should be continuous, constantly 

improved and include monitoring all actors in the supply chain. (KT et al., 2021; Kern et al., 

2012)  

Ho, Zheng, Yildiz & Talluri (2015) highlight that even though supply risk monitoring has 

not gained as much attention in research than the other process steps, the importance of 

monitoring risks proactively as a part of supply risk management should be emphasized. 

Monitoring risks proactively could help companies for example to save costs. (Ho et al., 

2015) With the help of supply risk monitoring, firms may further spot new relevant risk 

factors and recognize possible increases in probability or consequences of identified risk 

factors. (Hallikas et al., 2004) Additionally, supply risk monitoring enables companies to 

identify new risks, improve risk assessment, (KT et al., 2021), manage and control the risks, 

understand the effectivity of risk management actions and modify the strategies to achieve 

optimal risk management. (Kern et al., 2012)  

According to Hoffmann et al. (2013), supply risk monitoring may often be a time-consuming 

and resource-intensive process which is why companies should select the risks they would 

want to monitor on an ongoing basis instead of monitoring all supply risks. Then again, KT 

et al. (2021) emphasize that risk monitoring includes scanning all parties in the supply chain 

such as contacting suppliers to ensure equally shared information in the supply chain. 

According to Blackhurst et al. (2008), the risk monitoring itself may be carried out using 

tools such as supplier assessment tools and heat graphs that could track risk indices over 

time. (Hoffmann et al., 2013)  
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2.7  Ensuring material availability of critical components  

In the existing literature, there are various views on the definitions of critical components. 

According to Antosz et al. (2019), critical components can be defined as components which 

shortage or failure may lead to loss in production, damage in safety or threat to the 

environment. Hunger et al. (2026) state that materials are not themselves essentially critical. 

Instead, the criticality often arises from certain features or characteristics in a system, such 

as the availability of critical materials. The same study further highlights that any product 

can be critical at a certain level, and the criticality levels may increase. Then again, according 

to Manjong, Marinova, Bach, Burheim, Finkbeiner & Strømman (2024), material criticality 

is often assessed by analyzing the likelihood of supply risks and the possible effects they 

would have on a geography, sector, technology or product. This includes assessing factors 

such as geological resource and production distribution, economic importance of the product 

as well as political instabilities. Criticality assessment help firms to understand the 

significance of their components. (Manjong et al., 2024) Mouloudi et al. (2022) further 

suggest that the key factors determining the criticality of components are the high likelihood 

of supply constraints and the significant impact of supply disruptions. 

In the battery systems manufacturing industry, components that are seen as critical include 

materials referred as "technology metals". These include metals such as natural graphite, 

cobalt and lithium as well as other rare earth metals. (Ballinger et al., 2023; Petavratzi et al., 

2023) According to Petavratzi et al., (2023), the material availability of these critical 

components may be impacted by several factors. These factors include, for example, trade 

wars, concentration of production, geopolitics, accidents, natural disasters, pandemics and 

competing demand. Additionally, factors related to the producing countries such as 

economic and political conditions, regulation and environmental performance impact 

material availability of these critical components. (Petavratzi et al., 2023) 

According to Manuj & Mentzer (2008), one key purpose of supply chains is to transfer 

materials from one part of the supply chain to another in such a way that materials are 

available in a timely manner. Furthermore, materials such as critical components are needed 

for companies to manufacture goods that customers would purchase. (Hunger et al., 2026; 

Pfeffer & Salancik, 2003) The availability of critical components is crucial as they can act 

as a source of supply risks that cause vulnerability in supply chains. (Petavratzi et al., 2023; 



 30 

Mouloudi et al., 2022) The unavailability of key components has significant impacts for the 

entire company's operations. These impacts can include customers shifting demand to 

competing supply chains, material price increases, shutdowns in production and significant 

economic damage. (Hunger et al., 2026; Petavratzi et al., 2023; Alonso et al., 2007; Zsidisin, 

2003b) If materials are unavailable, the continuity of a firm may be at risk. (Manuj et al., 

2008)  

Hunger et al. (2026) emphasize that companies can utilize supply risk management strategies 

and processes to ensure material availability. The same study notes that the supply risk 

management process includes identifying, assessing, mitigating monitoring risks, while 

supply risk management strategies may include, for example, utilizing multiple suppliers. 

(Hunger et al., 2026) Petavratzi et al. (2023) mention several supply risk management 

strategies that could help to ensure the availability of materials in the battery systems 

manufacturing industry. These strategies include international collaboration and 

partnerships throughout the entire supply chain, as well as government involvement. 

Government involvement as a risk management strategy is further considered as a crucial 

way to mitigate the concentration of component production in a few countries. This could 

include, for example, removing trade restrictions, reducing the dependency on critical 

materials through technological innovations, increasing understanding of supply chains and 

examining the potential of domestic resources. (Petavratzi et al., 2023) 
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3  Methodology 

After introducing some relevant theories regarding supply risks, supply risk management 

and ensuring material availability of critical components, the focus of this study shifts to the 

empirical part of this thesis. The aim of this chapter is to discuss the research methods that 

are used to carry out this study. As this study aims to understand supply risk management 

and critical component availability in a real-life business environment, the study is carried 

out using a qualitative research method. Qualitative research enables a deep understanding 

of complex phenomena in their own context through subjective perspectives and 

experiences. (Eriksson et al., 2008)  

This chapter starts by exploring how the data is collected using the semi-structured interview 

method. Moving forward, the analysis of the data will be examined, after which the 

interviewed company will be briefly introduced. Figure 3 illustrates the data collection and 

analysis process of this thesis. 

 

Figure 3: Data collection and analysis process 
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Combining categories and removing unnecessary data

Data grouping and categorization

Data reduction and finding similarities

Transcribing the interview data

Data collection using semi-structured interviews 



 32 

3.1  Data collection 

The primary data for this study was collected by utilizing semi-structured interviews. In this 

qualitative data collection method, the aim is to gain a deep understanding of the topic in 

question in such a way that the interviewees' subjective perspectives on the topic are clearly 

highlighted. The interviewees answer to predefined open-ended questions that explore the 

key topics of this study. (Denny et al., 2022; Kallio, Pietilä, Johnson & Kangasniemi, 2016) 

According to Saunders, Lewis, & Thornhill (2016), the order of the questions may vary in 

the interviews depending on how the conversation progresses. Additionally, they also argue 

that some questions may be omitted from the interview depending on the preferences of the 

participants. To gain a comprehensive understanding of the discussed topic, a typical feature 

of semi-structured interviews is that the interviewer may also ask additional questions that 

emerge from the conversation. However, collecting information that is unnecessary to this 

study is avoided. (Denny et al., 2022; Kallio et al., 2016)  

The semi-structured interview approach was selected as the most suitable data collection 

method for this study, as the interviews help to gain a comprehensive understanding of the 

most relevant supply risks and their management strategies from a company's perspective in 

terms of ensuring material availability of critical components. Furthermore, this data 

collection method enables the analysis and comparison of the subjective views of the 

interview participants. 

Overall, six interviews were conducted, and they were held during January 2026 and 

February 2026. To ensure well-considered and comprehensive responses, the interview 

questions were sent to the interviewees in advance so that they could familiarize themselves 

with the questions before the interview. One of the interviewees mainly responded to the 

interview questions in a written form, and the interview with them included reviewing what 

was unclear with the written answers. Additionally, to confirm that all interviewees 

understood the concept of critical components, the following definition by Antosz et al. 

(2019) was provided in the interview questions: critical components can be defined as 

components which shortage or failure may lead to loss in production, damage in safety or 

threat to the environment.  

The interviews were conducted via video calls in Microsoft Teams as individual interviews. 

All meetings were recorded for further analysis and their duration varied from 24 minutes to 
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86 minutes. The interviews were held in Finnish to ensure smooth communication and 

prevent language barriers from negatively affecting the scope of the responses and the 

reliability of this study. (Denny et al., 2022) The interviewees were selected based on their 

prior experience and knowledge on procurement. Their positions represented different parts 

of a procurement department which enabled a wide range of responses and the comparison 

of different perspectives. The interview participants were mostly selected from the 

procurement department of a specific firm, mostly from the direct purchasing side. Two 

interviewees were selected from two other companies based on their expertise on the battery 

systems manufacturing industry and risk management knowledge. Table 4 represents a list 

of the interviewees, their different positions, the duration of the interview and the interview 

transcript length. (Denny et al., 2022) 

Participant # Position in the company Duration of 

the interview 

Interview transcript 

length 

P1 Category Leader 24 minutes 1 

second 

19 pages 

P2 Senior Manager, Strategic 

Sourcing 

40 minutes 

52 seconds 

26 pages 

P3 Senior Procurement Specialist  28 minutes 

16 seconds 

11 pages 

P4 Senior Procurement Specialist 86 minutes 

17 seconds 

49 pages 

P5 Project Sourcing Manager 54 minutes 

32 seconds 

40 pages 

P6 Senior Procurement Specialist 43 minutes 

34 seconds 

33 pages 

Table 4 Interviewee profiles 

In addition to semi-structured interviews, this study also utilizes secondary data. According 

to Saunders et al. (2016), secondary data is data that has been previously collected for other 

purposes, and it can be used in studies to provide additional or diverse knowledge on the 

subject. The same study argues that secondary data may include, for example, firms' annual 
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reports, surveys or other publications. The aim of using secondary data in this study is to 

support the interviews and obtain a deeper understanding of the topic. The secondary data is 

collected using the interviewed company's websites and documents that are publicly 

available.  

3.2  Data analysis 

After collecting the primary data with semi-structured interviews, all interviews are 

transcribed into a written form. The transcripts contain the exact answers given by the 

interviewees to the questions, as well as the tone they used. (Saunders et al., 2016) The text 

is transcribed with the help of Microsoft Teams transcription tool, and it is read several times 

to ensure the accuracy of the text. The final transcript is corrected from any errors.  

After the transcription, the data is analyzed. This study utilizes qualitative content analysis 

to analyze the data. The aim of content analysis is to provide a comprehensive understanding 

of both the studied phenomenon and the contextual interpretations of the data. (Eriksson & 

Kovalainen, 2015) According to Tuomi & Sarajärvi (2018), the purpose with content 

analysis is to describe the content of the data verbally and organize the data into a concise 

and clear format. All relevant information should be taken into account. (Tuomi et al., 2018)  

More precisely, this study utilizes categorization as a type of qualitative content analysis in 

accordance with a study by Eriksson et al. (2015). The purpose of categorization is to get a 

comprehensive understanding of the phenomenon by providing a detailed description of the 

content of the data. First, the collected data is divided into sections by searching for key 

themes in the interview transcripts. The data is then categorized into groups in accordance 

with the conceptual framework of this study. The coding categories include the identified 

supply risks, supply risk management strategies, identified critical components and their 

material availability. While categorizing the data under the topics, overlapping and 

unnecessary codes are removed. The codes that have limited content and therefore are 

irrelevant as themselves are combined with other categories, whereas codes that have too 

much content are split up into smaller categories. After this, the categorized data is analyzed 

by finding relationships, patterns and trends from the text. Additionally, the categories are 

compared with each other. (Eriksson et al., 2015) When analyzing the transcripts of semi-
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structured interviews, secondary data such as company websites are used for comparison 

purposes and to obtain additional information.  

3.3  The interviewed company 

The company interviewed for this study is a battery solutions provider that operates in the 

battery systems manufacturing industry. The company operates in two countries with over 

one thousand employees. It specializes as a contract manufacturer and supplier for advanced 

battery systems, focusing on the automotive sector. Additionally, the firm produces battery 

solutions for a variety of applications including agriculture, buses, construction, forestry, 

material handling and trucking. Its own products include both already established battery 

systems and customized solutions.  

This study mainly focuses on the procurement department of the interviewed firm, more 

specifically the direct purchasing side. The business environment the company operates in 

is seen as uncertain and competitive due to factors such as geopolitical situation and trade 

restrictions in the key countries and markets. As the interviewed company aims to start 

shifting its business area more towards its own products, securing the availability of critical 

components is crucial for the firm. Risks related to the unavailability of components as well 

as supply chain disruptions, are recognized as some of the key challenges in the interviewed 

company.  
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4  Empirical findings  

This chapter presents the empirical findings of this study that are based on the interview data 

and publicly available company reports. The first subsection introduces the sources of supply 

risks that were recognized in the interviews. The second subsection presents the most 

significant supply risks that were identified in the interviews. After this, the third subsection 

presents the supply risk management in the interviewed company and its impact on ensuring 

material availability. Finally, some development ideas regarding supply risk management 

are introduced.  

4.1  Sources of supply risks  

To understand supply risks and their management, it is essential to understand the potential 

sources of these risks. The interviews revealed many sources of supply risks in the battery 

systems manufacturing industry that affect the availability of critical components. The 

sources of risks can be divided into component-, suppliers-, and company-related risk 

sources which will be discussed in the following subsections.  

4.1.1  Component-related risk sources 

Though the interviewees were provided with the same definition of critical components, the 

views of what was seen as critical differed between the interviewees. In the video calls, many 

interviewees clearly highlighted certain component categories that they considered as 

critical. The product category that stood out the most was cells. Typically, a battery is 

designed around a specific cell which are often dangerous to handle, must be stored carefully 

and their transport require special permits. Other critical component categories that were 

identified in the interviews included products such as electronic components, adhesives as 

well as basic components, such as screws.  

In addition to dividing the components into clear product categories, a common theme that 

emerged from the interviews was that all components can ultimately be critical if they are 

unavailable but needed for the batteries for them to function.  
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P6: "Because it doesn't matter how small or insignificant the part we're missing is, our 

production will stop if we don't have it." 

The interviewees also highlighted how the characteristics of battery components can act as 

sources of supply risks. According to P5, many components in the batteries are quite 

complex due to their design. The components in the batteries are often custom-made, 

meaning that the product structures do not always allow to switch manufacturers, and they 

may be designed so that only a few suppliers can make them. For some components, there 

may not be a directly equivalent product on the market that could be used as a replacement. 

According to the interviewees, replacing the components in these situations can be 

challenging or extremely slow and this may lead to sole source or single source situations. 

P4: "We are definitely married to that cell manufacturer once it's been chosen."  

Another component-related risk source that emerged in the interviews is the availability of 

raw materials, such as minerals and semiconductors, that are needed for the battery 

components. According to P5, raw material prices can fluctuate significantly which has a 

direct impact on sourcing components at reasonable prices. According to interviewees P4, 

P5 and P6, there may be global shortages of raw materials for some components, which can 

make them difficult to procure. Therefore, the availability of raw materials often has a direct 

impact on the availability of battery components as well.  

4.1.2  Supplier-related risk sources 

According to the interviewees, the firm's current supplier relationships for critical 

components are generally good and cooperation with them is close. The responses regarding 

supplier-related risks slightly differed depending on whether the interviewee talked from the 

perspective of contract manufacturing, serial production, the company's own products, 

product development or supplier relationships in general. In contract manufacturing, 

customer requirements have significant impact on supplier selection as suppliers are often 

chosen by the customer. Regarding the firm's own products, there is more power to make 

supplier-related decisions.  

The interviewees identified several risk sources related to suppliers, especially to suppliers 

located further away. For certain critical component categories, geographical diversification 
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is not possible, which was seen as a cause for concern in many of the interviews. Therefore, 

one of the supplier-related risk sources that was highlighted in the interviews was the 

supplier market concentration in Asia for certain product categories. In this regard, long lead 

times, advanced technology, cultural differences, suppliers' varying operating methods and 

differing perspectives on the importance of sustainability emerged in the interviews as 

potential sources of supplier-related risks. 

Another supplier-related risk source that emerged in the interviews was the limited visibility 

into suppliers’ operations. According to P5, the visibility is overall good regarding tier 1 and 

tier 2 suppliers. However, due to long supply chains, the visibility into lower tier suppliers' 

operations is limited which was identified as a key risk source.  

4.1.3  Market-related risk sources 

The interviewed company operates in a competitive and geopolitically sensitive market 

which may be seen as a crucial source for supply risks. A good example of the competitive 

market is that according to P1, the battery systems manufacturing industry heavily relies on 

the same suppliers and components with energy sector. If the demand rose in one of these 

sectors, the unavailability of components could become an issue in both sectors. Many of 

the interviewees also brought up the current geopolitical situation and how it has become 

more tense globally.  

P4: "One has to think a little about how much we want to use China, which is definitely a 

pioneer in battery technology, or more specifically, cell technology".  

According to P2, some of the battery components travel across the globe during the 

manufacturing processes as different factories specialize in different stages of production. 

As the supply chains for these components are long and global, even a minor disruption in 

one part can trigger a chain reaction in other parts of the supply chain. Thus, many of the 

interviewees highlighted the global supply chains and long production chains as crucial 

supply risk sources.   

Other market-related risk sources that were identified in the interviews included sudden 

changes in the market, trade wars, the evolving battery legislation of EU, potentially 

changing customs legislation, and demand fluctuations.  
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4.1.4  Company-related risk sources 

The interviewees identified several risk sources related to the characteristics of the 

interviewed company. One of the key risk sources identified to affect material availability is 

the size of the firm. Many of the interviewees highlighted that the size of a buying company 

can affect its negotiation power, purchasing power and reputation in relation to the suppliers.  

P5: "In practice, especially in certain specific markets, we compete for the suppliers. And 

our competitors, such as companies competing as customers, can be for example big OEM's. 

As a customer, competing can be quite challenging as our (purchasing) power is not 

necessarily at the same level as these large OEM's." 

As the company aims to shift more towards its own products, the development of the new 

products was seen as a primary source for supply risks in the publicly available company 

reports. According to the reports, risk sources related to the new products include things such 

as specific market requirements, sourcing components at expected prices as well as 

forecasting demand. Likewise, many interviewees identified the company's entry into a new 

market as a source of supply risks. According to the interviewees, the following factors were 

identified as risk sources: lack of brand recognition, forecasting demand for their own 

products, expanding the supplier portfolio, specific requirements of the customer market and 

limited resources. 

One crucial company-related risk source that emerged in the interviews was the 

collaboration between the product development and procurement teams. Examples that 

occurred in the interviews included situations where the product development team designs 

products well into the process without involving procurement. In such cases, the product 

development team may end up selecting components for which there is only a single supplier 

available. Additionally, communication gaps between the teams can occur which may lead 

to sudden schedule changes.  

P5: "The procurement team's opinion isn't always taken into account in the decisions, so 

then it's up to procurement to deal with the situation, whatever the source of risk was that 

had been pointed out." 
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4.2  Supply risks  

Several supply risks were identified in the interviews and publicly available reports. The 

following subsections will introduce the most significant supply risks in the interviewed 

company that affect the availability of critical components. Furthermore, some potential or 

already occurred scenarios of these risks realizing will be briefly discussed. At the end of 

this chapter, the potential sources of supply risks and supply risks themselves are 

summarized in Table 5 to illustrate the findings.  

4.2.1  Dependency of a single supplier 

One of the key supplier-related risk categories that was highlighted in the interviews is 

excessive dependence on a single supplier. Many of the interviewees emphasized that in the 

battery systems manufacturing industry, there are relatively few suppliers that deliver 

components which often causes the buying firm to be dependent on a single supplier. The 

interviewees highlighted that the single source situation can be quite tricky for the buying 

company, especially if the supplier is unable to deliver the products.  

As the supplier market can be limited especially regarding certain product categories, 

switching suppliers might be expensive, time-consuming and risky in terms of quality. 

Furthermore, competitive tendering among suppliers can be very challenging if there are 

only a few suppliers. According to P5 and P6, suppliers themselves know that they are only 

a few of them, which makes the power relationship between the firms quite challenging and 

can cause tension between the firms. 

P6: "The suppliers know it themselves, there aren't that many of them. So of course, they can 

also take this into account in their pricing policy. 'You can't get this part anywhere else. So 

basically, we can charge you whatever we want for this part, and you'll pay it without 

complaint'." 
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4.2.2  Risk of maintaining a stable supplier base 

Another supplier-related risk category that emerged in both publicly available company 

reports as well as the interviews is a risk with maintaining a stable supplier base. Many of 

the interviewees highlighted that as a smaller player in the battery systems manufacturing 

industry, it is difficult to ensure material availability by having constant access to suppliers.  

According to P4, in the battery systems manufacturing industry, suppliers can prioritize their 

customers which often results to larger customers being served first. P3 further highlighted 

that this creates a seller's market situation and complicates development. If this risk realized, 

it could cause, for example, cost increases in components, delays and material unavailability.  

P4: "If demand from another, more important customer is growing, this can easily have a 

direct impact on what (company name) receives as the capacity will be allocated to the more 

important customer." 

4.2.3  Quality risk 

Many interviewees identified quality risk as one of the most significant supply risks that 

impact the material availability of critical components. As battery components are quite 

complex, even a small error in one component can have a huge impact on the entire battery 

system. If the quality risk realized, this could lead to a halt in production, unavailability of 

components as well as production stoppages at suppliers. According to P5, battery 

components need to meet strict quality specifications to guarantee the battery's functionality. 

This was mentioned to be particularly important as the battery malfunction can lead to 

dangerous circumstances such as accidents.  

P6: "If there is a widespread defect in the final product due to the quality of a component, 

well that is really the worst-case scenario. -- There is still the risk that really serious 

personal injuries could happen"  

Furthermore, many interviewees identified several component categories where quality risks 

must be given special consideration. P4 highlighted the importance of quality risk, especially 

when discussing pilot batches. The components in pilot batches, which are purchased from 

suppliers, are usually prototypes for the suppliers as well. This means that suppliers cannot 
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guarantee 100% quality for these products, the products are not yet fully verified, their 

quality varies and the products may not have the correct dimensions. Regarding quality risks, 

P1 further mentioned that for some of these critical components, the product design may also 

be modular, meaning that a decline in the quality of a single component could also halt the 

manufacturing of other products.  

4.2.4  Disaster risk  

Many of the interviewees identified disaster risk as one of the most significant supply risks 

that disrupt the availability of critical components. This was seen particularly crucial for the 

company as the supply chains are both long and global and the geopolitical situation is 

uncertain. The interviewees mentioned several possible disasters such as trade wars, 

changing battery legislation, wars, harbor issues, earthquakes, COVID-19, fires, typhoons, 

and natural disasters. If this risk realized, it could lead to delays, material unavailability or 

negative impacts on the whole supply chain.  

During the last few years, the interviewed company has faced various events in which 

disaster risk has realized, leading to negative impacts on the material availability of critical 

components. According to P3, the COVID-19 pandemic caused unavailability of 

semiconductors as well as automation components. Furthermore, P5 highlighted that the 

Russian invasion of Ukraine led to rerouting and cost increases. Another example of disaster 

risk realizing that affected the availability of critical components was the case of Nexperia 

which was mentioned by five interviewees. Due to geopolitical conditions, a Chinese 

supplier stopped delivering components to a Dutch company. This caused disruptions in the 

supply chain and finally, an availability crisis for semiconductors in the battery systems 

manufacturing industry.  

P6: "We were really living hand-to-mouth with those components, just barely managing to 

get them." 
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Supply risk Potential supply risk sources 

Dependency of a single 

supplier 

Complex products, only a few replacements, advanced 

technology, evolving battery legislation of EU, custom 

legislation changes, size of the firm, limited resources, 

developing new products 

Securing a stable 

supplier base  

Raw material unavailability, only a few replacements, 

geographical concentration in Asia, long lead times, varying 

operation methods, geopolitically sensitive and competitive 

market, trade wars, long and global supply chains, sudden 

market changes, demand fluctuations, size of the firm, limited 

resources, forecasting demand  

Quality risk Complex products, advanced technology, limited visibility 

into suppliers’ operations, varying operation methods, 

developing new products, expanding supplier portfolio, 

internal communication gaps 

Disaster risk Geographical concentration in Asia, limited visibility into 

suppliers’ operations, geopolitically sensitive and competitive 

market, trade wars, long and global supply chains 

Table 5: Supply risks and risk sources in the interviewed company 

4.3  Supply risk management  

This chapter discusses the current supply risk management practices in the interviewed 

company. First, the company's current practices in supply risk identification and assessment 

will be introduced after which supply risk management actions will be discussed. Finally, 

supply risk monitoring in the interviewed company will be presented.  

4.3.1  Supply risk identification and assessment 

The interviewees perspectives on supply risk identification and assessment varied greatly 

depending on their positions. From the contract manufacturing perspective, supply risk 
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identification and assessment were seen primarily as the responsibility of the end customers. 

Then again, from the product development perspective, supply risks are mainly identified 

and assessed from the products and suppliers’ point of view.  

According to P4 and P5, supply risk identification currently mainly relies on the team's own 

skills and expertise. Supply risks are mainly identified by monitoring the market and by 

interacting with suppliers. Reviewing the supplier market includes considering risk factors 

related to suppliers such as their financial data, the size of the supplier market and the types 

of suppliers that should be used. Furthermore, component-related risks and their sources are 

identified. This includes considering geopolitical risks, key quality risks affecting battery's 

core functions and specific customer requirements. 

According to P5, supply risk assessment starts at the very beginning of the product 

development process, just after the project is officially launched. The interviewed firm uses 

a proactive approach in risk management. It is done by assessing supplier market from the 

component perspective. This includes determining where the components come from and 

who supplies them. Risk assessments are then conducted continuously at each stage of 

product development, for each product category and to each supplier.  

4.3.2  Supply risk management actions 

The interviewees highlighted several supply risk management actions that are used in the 

firm. These included, for example, doing regular inventory, utilizing safety stocks and 

understanding the market and components. This covers carefully reviewing all components 

to understand which ones are the most critical, which are essential for production continuity, 

and which require closer monitoring.  

Many of the interviewees mentioned several supplier-related risk management actions. 

These included strategies such as buffering risks by sourcing from European or local 

suppliers, auditing both new and current suppliers regularly and understanding the power 

relationships between the companies. One of the supply risk management actions that was 

considered crucial was close and continuous cooperation with suppliers. The interviewees 

highlighted that being a good customer and ensuring good relationships with suppliers can 

also help the firm to ensure the availability of critical components. According to the 
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interviewees, this includes regular meetings, supplier audits and building long-term 

relationships.  

P4: "Existing business relationships go a long way, as long as they are taken care of. -- We 

need to be a likeable customer that won't be left at the very back of the line in a tight spot. -

- We aim to provide reliable, accurate forecasts, be a good customer, and pay invoices on 

time." 

P3 mentioned that communication between departments is a significant part of the firm's 

supply risk management. Many of the interviewees highlighted that transparency within the 

company as well as close cooperation between the procurement and product development 

departments, in particular, plays a crucial role in the firm's supply risk management to ensure 

the material availability of critical components.  

P4 "Of course, it's a well-known principle that fixing mistakes is always cheapest when they 

are still on the drawing board." 

However, many of the interviewees highlighted that, in practice, the company's supply risk 

management largely rely on the skills and expertise of individuals and teams. According to 

P5, it is crucial for individuals to understand things such market changes, the overall raw 

material availability, and trends in both pricing and product development. P3 further 

highlighted that the most significant risks are often managed mostly by their executive team. 

4.3.3  Supply risk monitoring 

The interviews revealed that the current supply risk monitoring mainly relies on individuals' 

and team's own expertise, and no risk monitoring tools were separately mentioned in the 

interviews. According to the interviews, current and potential risks are monitored by 

following the overall market such as the news, global economy, current trends, regulations, 

raw material availability and prices, websites, geopolitical situation, competing companies 

in the market and general development in the battery systems manufacturing industry.  

Many of the interviewees also highlighted that monitoring key suppliers continuously is 

crucial from a supply risk monitoring perspective. This includes, for example, understanding 

the industry and the environment in which the supplier operates. Additionally, according to 
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P5, systematic, transparent and open communication with key suppliers can help the buying 

company to monitor potential supply risks and provide the needed response time.  

P6 summarized supply risk monitoring as thinking "a step ahead", meaning that supply risk 

monitoring should include considering worst-case scenarios until being sure that the 

uncertainties will not affect the company or its operations.  

4.4  Developing supply risk management 

The interviewees generally considered the firm's current supply risk management practices 

to be at a good level from the perspective of ensuring material availability. However, the 

interviewees proposed several development ideas which will now be discussed.  

Many interviewees mentioned that a more systematic approach with clear supply risk 

management methods should be integrated. According to P5, the supply risk management 

process appears to rely more on individuals rather than on a structured process, which could 

benefit from further development. According to the interviewees a more systematic approach 

could include, for example, a process-driven risk management, utilizing and actively 

updating risk management tools, jointly maintained risk management databases and 

continuous development of risk management. Furthermore, many interviewees emphasized 

the importance of transparency within the company and the need for risk management 

information accessibility.   

The need for development was particularly evident in the areas of company's own products 

and from the product development side. One of the key development ideas that emerged 

from the interviews regarding supply risk management and ensuring material availability 

included strengthening procurement department's early participation in product 

development. P5 highlighted that in some cases, supply risk management may take a back 

seat, for example, when a component that involves clear supply risks may be selected for 

technical reasons. If the supply risk perspective is not considered, this may lead to realization 

of risks which may have severe consequences for the firm.  

Furthermore, the following development proposals regarding supply risk management were 

identified in the interviews. First, interviewees suggested allocating resources to a more 

comprehensive strategic procurement, which would include analyzing the market, 
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technological trends and global economy. Second, the interviewees emphasized using risk 

matrices and FMEA to assess risks, finding the blind spots in supply risk management, 

making sure that single- or sole source components would be as few as possible in the 

batteries, increasing production volumes, diversifying supplier base geographically, having 

transparency regarding customer agreements and growing as a firm. Many of the 

interviewees also suggested that second source planning could benefit from further 

development. This could include having a detailed plan for second sources, having them for 

every component category and actively maintaining these supplier relationships.  
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5  Discussion  

This chapter discusses and reflects the empirical findings with previously presented literature 

to be able to later answer the research questions. First, supply risks and risk sources will be 

reviewed from the perspective of ensuring material availability. Then, the supply risk 

management process and some development ideas regarding supply risk management will 

be discussed with existing literature. Finally, this chapter answers the research questions.  

5.1  Supply risks and risk sources 

The empirical part of this study identified several supply risk sources that affect the material 

availability of critical components. Understanding the sources of supply risks was seen as 

crucial to recognize potential sources of disruptions in advance and to respond proactively 

to future risks. (Norrman et al., 2004) The supply risk sources identified in the empirical part 

of this study were divided into supplier-, component-, market-, and company-related sources. 

This risk source categorization corresponded to the classifications presented in the 

theoretical section, in which risk sources were divided into categories such as supplier-, 

product-, external issues-, and organization-related categories. (Wiedenmann et al., 2021; 

Jüttner et al., 2003)  

Identifying the most significant supply risks was seen as a crucial part of the risk 

management process to trigger any further risk management activities. (Hallikas et al., 2004; 

Kern et al., 2012) The theory section identified eight supply risks that could negatively 

impact the availability of critical components. These included logistics risk, quality risk, 

supplier capacity constraints, business risk, technological change risk, disaster risk, product 

design changes, and supplier sustainability risk. Only two of these risks, quality risk and 

disaster risk, were also identified in the empirical part of this study. The empirical section 

identified four supply risks to be the most significant to affect material availability of critical 

components. In addition to quality risk and disaster risk, these four risks involved the 

dependency of a single supplier and the risk of maintaining a stable supplier base. The 

differences between supply risks in the theoretical and empirical section may be explained 
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by the fact that the empirical section focused primarily on the perspective of a single 

industry, whereas the theoretical section focused on supply risks more in general.  

5.2  Supply risk management  

Both the theoretical and empirical sections of this study emphasized the importance of 

supply risk management for companies in ensuring the availability of critical components. 

The empirical section emphasized that the unavailability of critical components can have 

significant impacts on company's operations such as shutdowns in production. This was also 

supported in the theoretical section. (Hunger et al., 2026) Furthermore, the theoretical 

section highlighted that the unavailability of critical components can have other significant 

impacts on company's operations such as customers shifting demand to competing supply 

chains, material price increases and significant economic damage. (Hunger et al., 2026; 

Petavratzi et al., 2023; Alonso et al., 2007; Zsidisin, 2003b)  

In the theoretical section of this study, supply risk management strategies and processes were 

seen as effective methods for managing supply risks to ensure material availability. (Hunger 

et al., 2026) The theoretical section introduced a supply risk management process that 

consists of risk identification, risk assessment, risk management actions and risk monitoring. 

(Hallikas et al. 2004) Although the interviews revealed that the company does not appear to 

have a systemic supply risk management process as a part of its operations, certain elements 

of the risk management process have been implemented.  

Focusing on certain product types or suppliers was seen as an effective way of identifying 

supply risks in both the theoretical and empirical sections of this study. The theoretical part 

suggested that to find the most significant supply risks, companies should increase their 

knowledge on critical components, processes and suppliers. (Kern et al., 2012) As in the 

theoretical section, increasing knowledge was seen as an important part of the interviewed 

company's risk identification. This involved building expertise of supply risks by reviewing 

and monitoring the supplier market, interacting with suppliers, gaining a comprehensive 

understanding of market changes, the overall raw material availability and trends in product 

development and pricing. Furthermore, the theoretical section found that supply risk 

identification may include finding potential risks and classifying already identified risks by 

using methods such as supply chain mapping, event tree analysis, check sheets or checklists. 
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(Ganguly et al., 2014; Kern et al., 2012) However, the empirical section revealed that the 

interviewed company does not currently utilize separate tools or methods for identifying or 

classifying their supply risks, and risk identification is primarily based on the team's own 

expertise and skills.  

For companies to understand which supply risks to prioritize and choose the most relevant 

risk management actions, the literature emphasized the importance of risk assessment 

(Hallikas et al., 2004; Zsidisin et al., 2000). The theoretical section further suggested the use 

of a risk matrix to assess both the impact and probability of supply risks. (Kern et al., 2012; 

Norrman et al., 2004; Glöser et al., 2015; Hallikas et al., 2004) Nevertheless, the interviews 

revealed that the interviewed company does not currently utilize any risk assessment tools. 

Instead, supply risk assessment is conducted utilizing a proactive approach by assessing risks 

at each stage of product development, for each product category and to each supplier.  

Both the empirical and theoretical sections of this study recognized similar types of supply 

risk management actions. The empirical part suggested practices such as conducting supplier 

audits, doing inventory, developing supplier relationships and sourcing from European or 

local suppliers to be crucial in terms of managing risks. Similarly, these supply risk 

management actions were mentioned in the literature (Cui et al., 2025; Hoffmann et al., 

2013; Zsidisin et al., 2000). The empirical part further suggested that practices such as 

cooperating closely between the procurement and product development departments, being 

a good customer and understanding the power dynamics between the buying company and 

its suppliers can help to manage supply risks and ensure the availability of critical 

components. However, these supply risk management strategies were not mentioned in the 

theoretical section.   

The theoretical section of this study further highlighted how supply risk management actions 

can be divided into buffer and process improvement strategies. (Kern et al., 2012; Zsidisin 

et al., 2000) Although the empirical section mainly mentioned buffer strategies such as doing 

inventories and utilizing safety stocks, the results suggest that both strategies are used in the 

interviewed firm. Several identified actions such as developing close and continuous 

supplier relationships, increasing transparency and increasing cooperation with the product 

development department may be interpreted as process improvement strategies, as they aim 

to improve supply processes while decreasing the probability of identified risks occurring. 

(Zsidisin et al., 2000)  
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Both the theoretical and empirical sections of this study highlighted the importance of 

monitoring supply risks proactively. The empirical section emphasized proactive risk 

monitoring to ensure that uncertainties do not affect the company nor its operations while 

the theoretical section highlighted that monitoring risks proactively can help companies, for 

example, to save costs. (Ho et al., 2015) Furthermore, the theoretical section suggested that 

supply risk monitoring should generally include spotting new risk factors by scanning all 

parties in the supply chain. This could include, for example, contacting suppliers to ensure 

equally shared information in the supply chain. (KT et al., 2021) This was also seen as 

important in the empirical section of this study, as the interviewed company regularly 

monitors its key suppliers through openly communicating with them and by understanding 

the environment and the industry the supplier operates in. Furthermore, the interviewed 

company monitors potential risks by following the overall market such as current trends, 

geopolitical situation and the battery systems manufacturing industry. In contrast to the 

theoretical section, the empirical part revealed that no supply risk monitoring tools are 

currently in use. The theoretical section, on the other hand, recommended utilizing tools to 

monitor supply risks. These could include, for example, supplier assessment tools or heat 

maps to track risk indices over time. (Hoffmann et al., 2013)  

5.3  Strategies to develop supply risk management 

As the interviewed company's current supply risk management process mainly relies on the 

skills and expertise of individuals, the empirical section of this study suggested several 

development ideas that could be used to improve the current risk management process to 

help the company to ensure the availability of critical components. These development ideas 

involved a process-driven risk management, utilizing risk management tools, having 

accessible risk management information, allocating resources to strategic procurement and 

involving the procurement department to participate early in the product development 

process. The theoretical section reflects the importance of including comprehensive supply 

risk management actions into company's operations to ensure material availability. (Alonso 

et al., 2007)  

The empirical part recognized a need for multiple sourcing and minimizing single-source 

components in the batteries. This was also suggested by the theoretical section as being 
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dependent on a single supplier often causes a greater risk of disruptions. (Cui et al., 2025; 

Chopra et al., 2004; Harland et al., 2003) According to Hunger et al. (2026), dual and 

multiple sourcing can especially mitigate disruption risk and the economic impact a risk 

could have on a company. By securing backup suppliers, a company can more effectively 

respond to material unavailability. As another development idea, the empirical part 

suggested diversifying supplier base geographically to ensure material availability. This idea 

was also supported in the theoretical section of this study as diversifying supplier base 

geographically was viewed as a method to reduce supply risks. (Hunger et al., 2026) 

Additionally, the theoretical section emphasized that geopolitics, economic and political 

conditions as well as concentration of production were seen as key factors to impact the 

material availability in the battery systems manufacturing industry. (Petavratzi et al., 2023) 

This also supports the aforementioned development idea presented in the empirical section, 

according to which material availability could be ensured by diversifying the supplier base. 

Regarding crucial supply risk management strategies to ensure material availability in the 

battery systems manufacturing industry, the theoretical section further mentioned 

collaboration throughout the entire supply chain as well as government involvement. 

(Petavratzi et al., 2023) Although these were not directly identified in the empirical part, the 

results suggest that both supply risk management strategies could be used to improve the 

company's current supply risk management process. The empirical part indicated that 

increasing visibility into lower tier suppliers' operations as well as managing trade 

restrictions were seen as areas for improvement. As mentioned by Petavratzi et al. (2023), 

government involvement could help to remove the aforementioned trade restrictions and 

mitigate the concentration of component production in a few countries, which was also 

identified as a key development area for supply risk management in the empirical section of 

this study. Similarly, collaboration throughout the entire supply chain could help to increase 

visibility and thereby ensure material availability.  

Additionally, the interviewed firm recognized a potential need for risk matrices to assess 

their supply risks. This tool was also suggested in the theoretical section of this study as risk 

matrices can help companies to both classify their supply risks and understand which risks 

they should prioritize. (Glöser et al., 2015; Hallikas et al., 2004) Other development ideas 

that were identified in the empirical section, such as utilizing FMEA to assess risks, finding 

blind spots in supply risk management, having transparency regarding customer agreements, 
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growing as a firm and minimizing sole sourcing were not mentioned in the theoretical 

section.  

5.4  Answering the research questions 

This sub-chapter answers the research questions of this study that were previously presented 

in chapter 1.2. First, the two sub-research questions will be discussed and answered after 

which the focus will shift to the main research question.  

 

What are the most significant supply risks that disrupt the availability of critical 

components? 

The aim of the first sub-research question was to find the most relevant supply risks that 

impact the availability of critical components. Identifying the most significant supply risks 

was seen as a crucial part of the risk management process to be able to later manage those 

risks. The most significant supply risks that were found in this study included the 

dependency of a single supplier, risk of maintaining a stable supplier base, quality risk and 

disaster risk. These results contradict from the previous literature, as only two of these risks, 

quality risk and disaster risk, were seen as relevant in the theoretical section. The theoretical 

section further identified the following risks: logistics risk, supplier capacity constraints, 

supplier business risk, technological change risk, product design changes and supplier 

sustainability risk.  

These differences may be explained by the fact that the most significant supply risks that 

impact the availability of critical components were specific to the interviewed company that 

operates in the battery systems manufacturing industry. These results indicate that the 

identified risks are often unique for companies of different sizes and from different 

industries. In the battery systems manufacturing industry, the market was found to be 

competitive and geopolitically sensitive, the supply chains are global and long, there is a 

limited visibility to suppliers' operations, and legislation changes quickly. The critical 

battery components are overall quite complex due to their design, and for certain component 

categories the supplier market is both limited and concentrated in Asia. The company's 

specific characteristics, such as the size of the firm and that the company aims to shift its 
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business area more towards its own products, also explain why certain supply risks were 

considered more important than others.  

 

What are the key supply risk management strategies and actions to manage the most 

significant risks? 

The second sub-research question aimed to find the most significant supply risk management 

strategies and actions to manage the previously identified supply risks. The theoretical part 

of this study emphasized utilizing both process improvement strategies and buffer strategies 

to manage risks. (Kern et al., 2012; Zsidisin et al., 2000) These strategies were also suggested 

by the empirical part of this study. In the interviewed firm, buffer strategies included doing 

inventories, utilizing safety stocks and planning multiple sourcing. As the buffer strategies 

are mainly used to shield companies from risks that they are unable to eliminate (Zsidisin et 

al., 2000), these types of strategies could be used to manage the identified disaster risk. Then 

again, process improvement strategies included activities that decrease the probability of 

identified risks from occurring while improving processes (Zsidisin et al., 2000). In the 

interviewed company, the process improvement strategies included for example developing 

close and continuous supplier relationships as well as increasing transparency and 

cooperation with product development department. These types of risk management 

strategies could be used to manage the following supply risks: dependency of a single 

supplier, risk of maintaining a stable supplier base and quality risk.  

Based on the findings of the empirical and theoretical sections of this study, the current 

supply risk management of the interviewed firm mainly relies on team's own expertise and 

skills. Though the empirical section of this study found that the supply risk management 

strategies and actions were overall at a good level in the interviewed company, it also 

revealed that the interviewed company has faced various disruptive events during the last 

few years, which has led to negative impacts on material availability. Therefore, to be able 

to ensure material availability, a need for a more process-driven supply risk management 

was recognized in this study. The development ideas for supply risk management strategies 

and actions included, for example, utilizing risk management tools, allocating resources into 

strategic procurement, minimizing single-source components from the batteries, diversifying 
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supplier base geographically and involving the procurement department early in the product 

development. 

The empirical part recognized some barriers to implementation for some of these 

development ideas. These barriers included a lack of resources as well as the company being 

quite new to the market. Additionally, the empirical part of this study identified that 

sometimes the technical selection of components seems to override supply risks. Due to a 

lack of resources, a company could prioritize risk assessment to distinguish the most 

significant risks that threaten its business operations from those that can be seen as less 

significant. (Wiedenmann et al., 2021)  

 

How can material availability of critical components be ensured with the help of supply 

risk management?  

After discussing and answering the two sub-research questions, the main research question 

can be answered. The aim of the main research question was to understand the relationship 

between supply risk management and material availability of critical components. 

Furthermore, the aim was to examine how material availability of critical components can 

be ensured with the help of supply risk management.  

Based on the empirical and theoretical findings of this study, it was found that to ensure 

material availability, companies should include several supply risk management strategies 

and actions into their operations and treat supply risk management as a continuing process 

that requires a long-term commitment from supply chain members. (Alonso et al., 2007; 

Giunpero et al., 2004) Supply risk management should both shield companies from risks 

they are unable to eliminate and include activities that decrease the probability of identified 

risks from occurring while improving processes (Zsidisin et al., 2000). Therefore, the results 

suggested the use of both buffer and process improvement strategies to manage supply risks 

comprehensively to ensure material availability of critical components.  

Both the empirical and theoretical sections of this study further suggested that to manage 

risks, companies should implement a systematic supply risk management process into their 

operations that includes the following process steps: risk identification, risk assessment, risk 

management actions and risk monitoring. (Hallikas et al., 2004) Based on the results of this 

study, the first process step, supply risk identification, includes finding potential risk sources 
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and most significant supply risks. The second step, supply risk assessment, focuses on 

assessing the identified risks. The third step, supply risk management actions include finding 

management strategies to the most significant risks. Finally, supply risk monitoring involves 

tracking the supply chain and spotting new risk factors. With the help of these process steps, 

material availability of critical components can be ensured.  
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6  Conclusions 

Supply risks have become unavoidable making every purchasing company face risks daily. 

As the COVID-19 pandemic or the Russian invasion of Ukraine have shown, disruptions 

can occur suddenly and unexpectedly, having severe impacts on supply chains, such as the 

unavailability of critical components. Material unavailability can lead to customers shifting 

to competing supply chains, increasing material prices, and shutdowns in production causing 

significant economic damage. Ultimately, the continuity of companies may be at risk. This 

has led to critical need for effective supply risk management for ensuring material 

availability.  

The aim of this thesis was to investigate how supply risk management can be utilized to 

ensure the material availability of critical components, focusing specifically on the battery 

systems manufacturing industry. For companies to ensure material availability of critical 

components, this study strongly emphasized transitioning from an individual-dependent 

supply risk management methodology to a more in-depth and process-driven supply risk 

management approach that requires a strong commitment from all supply chain members. A 

more process-driven supply risk management includes utilizing a comprehensive supply risk 

management process which consists of risk identification, risk assessment, risk management 

actions and risk monitoring. All parts of this four-step supply risk management process were 

considered essential to ensuring the availability of critical components. With the help of risk 

identification, supply risks and their sources can be detected at an early stage. Risk 

assessment, then again, is crucial for choosing and prioritizing the most significant supply 

risks to focus on, as well as for understanding the impacts the realization of supply risks 

would have. With risk management actions, it is possible to respond to the previously 

identified and assessed supply risks with appropriate countermeasures. This study suggests 

utilizing both buffer and process improvement strategies to manage risks effectively. The 

fourth and last step of the process is risk monitoring, which enables risk management 

strategies to be implemented as quickly as possible and at the lowest possible cost.  

While this study suggests the use of a comprehensive supply risk management process to 

ensure material availability, the results suggest that there is no one-size-fits-all strategy for 

managing supply risks to ensure the availability of critical components. Factors such as 
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company size, industry, supply market conditions, component characteristics and supply 

chain features have a crucial impact on which supply risk management strategies are 

considered most effective in ensuring the material availability of critical components.    

6.1  Managerial implications 

From a managerial point of view, this study offers several implications for how material 

availability of critical components can be ensured by improving a company's supply risk 

management practices and strategies. This study shows that while it is possible to have a less 

structured approach relying mainly on expertise of individuals, a more comprehensive and 

systematic supply risk management process should be preferred in today's rapidly changing 

and vulnerable business environment. Relying too heavily on the expertise of individuals 

can be a risk itself, as personnel changes may occur. It is therefore crucial that supply risk 

management relies on standard operating procedures.  

Companies should replace an individual-based risk management approach with a structured 

supply risk management process that includes the following steps: risk identification, risk 

assessment, risk management actions and risk monitoring. In practice, the first step, risk 

identification should be done utilizing tools such as checklists, event tree analysis or supply 

chain mapping. Risk assessment, in turn, could be carried out utilizing assessment tools such 

as risk matrix. Risk management actions, on the other hand, should focus on finding the best 

risk management practices for each specific risk. Managers should focus on including both 

buffer and process improvement strategies in their risk management actions. In the final step 

of the process, risk monitoring, companies should utilize tools such as heat maps to track 

risk indices over time. 

To ensure the material availability of critical components with limited resources, supply risk 

management should focus on proactively identifying, assessing, managing and monitoring 

the most significant supply risks, with particular attention to the most critical components. 
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6.2  Limitations and suggestions for future research 

This study has some limitations that need to be considered. This thesis mainly focuses on 

the battery systems manufacturing industry and the findings are mainly based on a small 

number of semi-structured interviews with procurement professionals. Four of the 

interviewees were chosen from the interviewed company in the industry, while two were 

selected mainly based on their general expertise in procurement. As the sample size is 

relatively small, these results cannot be generalized to other companies or to the battery 

systems manufacturing industry overall. The findings are presented from the perspective of 

ensuring the availability of critical components in the battery systems manufacturing 

industry. Therefore, other component groups, raw materials or purchases are not considered 

in this study.  

The interviewees' views of critical components, supply risks and supply risk management 

varied depending on their positions, experience and their knowledge of procurement. Some 

of the interviewees focused on contract manufacturing, some on product development and 

some on the company's own products while some approached the topic from an outside 

perspective. The component categories the interviewees were familiar with as well as the 

specific areas in which they worked may have influenced which components they consider 

critical. Since the results are based on data collected from the semi-structured interviews, the 

interviewees' own interests as well as underlying assumptions about the desired responses 

may have also influenced the results of this study. Additionally, researcher bias may have 

influenced the results. As an example, the researcher's own interpretation of the responses 

may have influenced what was perceived as supply risks and what as supply risk sources. 

Therefore, these subjective views on the subject may affect the reliability of this study.    

Although this study fills a gap in the research, there are some areas for future research that 

could be studied. Firstly, a larger sample of procurement professionals in the battery systems 

manufacturing industry would make the results more generalizable. The topic of ensuring 

the material availability of critical components with the help of supply risk management 

could also be studied in other companies and industries as well as for other component 

categories. Another key theme that emerged from this study as a potential direction for future 

research was ensuring material availability of critical components by integrating supply risk 

management into the product development process. This perspective would allow 
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researchers to examine how implementing supply risk management early in the product 

development process could help to ensure material availability.  
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Appendices  

 

Appendix 1. Interview questions in English 

 

Background questions 

1. Could you briefly describe your role in the company and your main responsibilities?  

a) How long have you been working in this role?  

 

Identifying critical components 

2. What are critical components* from your company's perspective? Could you give a 

couple of examples of critical components?  

3.  Ensuring the availability of which components are particularly important for your 

company's production continuity?  

a) Could you describe your current supplier relationships regarding critical components?   
*Critical components are components which shortage or failure may lead to loss in production, damage 

in safety or threat to the environment. 

 

Supply risks 

4. In your opinion, what are the key supply risks that companies face in the battery systems 

manufacturing industry?  

a) Do you think that there are any supply risks that apply only to your company?  

5. In your opinion, what are the most significant supply risks that significantly impact the 

availability of critical components?  

6. Has your company encountered a component availability issue that has had major 

negative impacts on production or the supply chain? If so, could you describe what 

happened and how this situation was brought under control?  

7. What factors do you think pose the most significant supply risks for your company?  

 

Supply risk management 

8. How are supply risks identified and assessed in your company?  

9. How are the most significant supply risks managed in your company?  

a) Can you think of any effective methods or tools that are used to manage supply risks in 

your company?  
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10. How do you think supply risks related to the availability of critical components could 

be mitigated or eliminated?  

11. How can supply risks be monitored or how could future risks be identified?  

 

Improving operations 

12. How effective do you think the company's current risk management practices are in 

terms of ensuring material availability?  

13. In your opinion, how could the company's current risk management be improved?  

- Can you think of any specific area of procurement that should be given attention?  

14. Is there anything else you would like to add regarding supply risks, risk management, 

critical components or material availability?  

 

Appendix 2. Interview questions in Finnish 

 

Taustakysymykset 

1. Voisitko kertoa lyhyesti, mikä on roolisi yrityksessä ja mitkä ovat keskeiset tehtäväsi? 

a) Kauanko olet työskennellyt kyseisessä roolissa?  

 

Kriittisten komponenttien tunnistaminen  

2. Mitä ovat kriittiset komponentit* yrityksenne näkökulmasta? Voisitko antaa pari 

esimerkkiä kriittisistä komponenteista?  

3. Minkä komponenttien saatavuuden turvaaminen on erityisen tärkeää yrityksen tuotannon 

jatkuvuuden kannalta?  

a) Voisitteko kuvailla nykyisiä toimittajasuhteita kriittisten komponenttien osalta?  
*Kriittiset komponentit ovat komponentteja, joiden puute tai vikaantumien voi johtaa tuotannon 

menetykseen, turvallisuuden vaarantumiseen tai ympäristölle aiheutuvaan uhkaan.  

 

Hankintariskit 

4. Mitkä ovat mielestäsi akkuteollisuuden yritysten keskeisimmät hankintariskit?  

a) Onko jotain hankintariskejä, jotka koskevat mielestäsi vain teidän yritystänne?  

5. Mitkä ovat mielestäsi kaikkein keskeisimmät hankintariskit, jotka vaikuttavat 

merkittävästi kriittisten komponenttien saatavuuteen?  
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6. Onko yrityksenne kohdannut tuotteiden saatavuusongelmaa, jolla on ollut isoja 

negatiivisia vaikutuksia tuotantoon tai toimitusketjuun? Jos on, kuvailisitko mitä tapahtui 

ja kuinka tämä tilanne saatiin hallintaan?  

7. Minkä tekijöiden luulet aiheuttavan eniten hankintariskejä yrityksessänne?  

 

Hankintariskien hallinta 

8. Miten hankintariskejä tunnistetaan ja arvioidaan yrityksessänne?  

9. Miten merkittävimpiä hankintariskejä hallitaan yrityksessänne?  

a) Tuleeko sinulle mieleen esimerkiksi jotain tehokkaita keinoja tai työkaluja, joiden avulla 

hankintariskejä hallitaan yrityksessänne? 

10. Miten uskot, että kriittisten materiaalien saatavuuteen liittyviä hankintariskejä 

voitaisiin vähentää tai poistaa?  

11. Miten hankintariskejä voitaisiin seurata tai kuinka tulevia riskejä voitaisiin havaita?  

 

Toiminnan parantaminen 

12. Kuinka toimivina näet yrityksen tämänhetkiset riskienhallintakeinot materiaalin 

saatavuuden varmistamisen näkökulmasta?  

13. Miten yrityksen nykyistä riskienhallintaa voitaisiin mielestäsi kehittää?   

- Tuleeko mieleesi jotain erityistä hankinnan osa-aluetta, johon tulisi kiinnittää 

huomiota?  

14. Onko teillä jotain muuta, mitä tahtoisitte vielä kertoa hankintariskeihin, 

riskienhallintaan, kriittisiin komponentteihin tai materiaalin saatavuuteen liittyen? 

 

 


