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This thesis focuses on the challenges of semiconductor supply chain management from 

the perspective of industrial engineering. The aim of this thesis is to form an overview of 

the situation, reviewing the factors by which the current events can mostly be explained, 

and certain remedies presented. The work includes a literature review that discusses the 

semiconductor manufacturing process, the nature of cyclical markets, the characterist ics 

of demand and supply shocks, and the concept of the bullwhip effect. The results of the 

literature and market analysis are combined with expert interviews to form a framework 

on which conclusions and recommendations will be built. 

The findings of this study point to divergent incentives and patterns of action, the 

combined effect of which exacerbates the shortage, partly consciously but also 

unknowingly. Cooperation and communication between retailers, manufacturers, 

logistics companies, and raw material producers in certain high-risk sectors of the supply 

chain will continue to play a key role in minimizing similar shocks in the future. The most 

effective methods are expanding information flows, as well as direct cooperation between 

different parts of the supply chain. This development is likely to be further supported in 

the future by continuous progress in information technology, the expansion of data 

management, and the improvement of analytics tools. 

The study provides an extensive and current overview of a historically unique situation, 

the long-term effects of which can only be speculated for the time being. Based on the 

findings, it is possible to make recommendations for organizations operating in the 

current or somewhat similar circumstances, as well as to create a sort of period piece from 

the thinking and choices of decision-makers during a crisis for subsequent research. 

Keywords: semiconductor manufacturing, microchips, shortage, supply chain 

management, risk management  



 

 

TIIVISTELMÄ 

Supply chain challenges in the semiconductor industry 

Iivari Karrila 

Oulun yliopisto, Tuotantotalouden tutkinto-ohjelma 

Diplomityö, 2022, 91 s. + 1 liite 

Työn ohjaaja(t) yliopistolla: Osmo Kauppila, Ehsan Shekarian 

 

Tämä diplomityö käsittelee puolijohteiden tilaus-toimitusketjujen haasteita 

tuotantotalouden näkökulmasta. Tavoitteena on muodostaa yleiskuva puolijohdepulasta 

kerraten tapahtumat, joilla ainakin suurin osa taustatekijöistä voidaan selittää ja esittää 

niiden varalta torjuntakeinoja. Työhön kuuluu kirjallisuuskatsaus, jossa käydään läpi 

puolijohteiden valmistusprosessi pääpiirteineen, syklisten markkinoiden luonne, kysyntä -  

ja tarjontashokkien piirteitä, sekä esitellään Piiskanisku-ilmiön käsite. Kirjallisuus- ja 

markkinakatsauksen tulokset yhdistetään lopulta asiantuntijahaastatteluihin ja 

muodostetaan viitekehys, jonka ympärille johtopäätökset ja suositukset rakennetaan. 

Työn tulokset osoittavat erisuuntaisiin toimintamalleihin, joiden yhteisvaikutus pahentaa 

pulaa osittain tietoisesti, mutta myös osapuolten tiedostamatta. Keskeisimmässä roolissa 

vastaavien kysyntä- ja tarjontashokkien minimoinnissa tulee jatkossa olemaan tietyil lä 

toimitusketjujen kannalta riskipitoisilla aloilla toimivien tilaajien, tuottajien ja raaka-

ainevalmistajien välinen yhteistyö. Menetelmistä tehokkaimpia on suora 

piiskaniskuilmiöön puuttuminen informaatiovirtoja tehostamalla ja ketjun osien välinen 

nopeampi kommunikaatio. Tätä kehityskulkua tulevat todennäköisesti jatkossa tukemaan 

myös tietotekninen kehitys, datanhallinnan laajentuminen ja analytiikan parantuminen. 

Tutkimus tarjoaa laajan ja ajankohtaisen yleiskatsauksen historiallisesti ainutlaatuiseen 

tilanteeseen, jonka pitkäaikaisia vaikutuksia voidaan toistaiseksi vain arvailla. Tulosten 

pohjalta voidaan laatia toimintasuosituksia nykyisissä tai nykyisiä joltakin osin 

vastaavissa olosuhteissa toimiville organisaatioille, sekä luoda myöhemmin ajankuvaa 

kriisin keskellä päätöksiä tekevien tahojen ajattelusta ja valinnoista.  

 

Asiasanat: Puolijohteiden valmistus, mikrosirut, puolijohdepula, toimitusketjujen 
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1 INTRODUCTION 

The ability to react precisely to ever-shifting levels of demand is one of the most 

important tasks for the effective management of supply chains. This is difficult even when 

only considering the normal seasonal, cyclical, and semi-cyclical variation trends. 

However, when taking into account so-called black swan events or incidents that provide 

no preceding warnings and unfold quickly bringing vast changes in the operational 

environment, even recording all of the relevant components becomes exponentia l ly 

challenging. (Beaulieu et al. 1992; Nafday 2009) 

After the beginning of the Covid-19 pandemic, in the first quarter of 2020, various 

globally remarkable events unfolded straining the global supply chains to their extremes. 

A quick slump in demand swiftly changed to a surge, that almost doubled the 

semiconductor demand over the past decade. (Attinasi et al. 2021) The increase in turn 

has caused subsequent ramifications for various industries, which are investigated in this 

paper. Furthermore, the Russian invasion of Ukraine, which began originally in 2014, 

intensified from February 2022 onwards causing cascading challenges in the energy 

sector. These issues reverberated all over the world, but especially in Europe energy 

prices continue to soar. (Attinasi et al. 2021; Ozili 2022) 

One of the most evident manners by which increasing uncertainty has manifested is 

through the semiconductor industry. (Frieske & Stieler 2022) This is largely due to it 

being a field with long ramp-up times, high capital intensity, and efficient utilization rates. 

Moreover, the semiconductor supply chain utilizes resources from all over the world, 

including Ukraine, and a few of the resources have substitutes available on short notice, 

if at all. Finally, there is a requirement for a tremendous and constant flow of energy, 

ultra-clean water, and sterile facilities, at the risk of serious complications. (Alexander, 

Meissner & Kirschestein 2021) 

1.1 Research problem and questions 

The objective of this research is to formulate an understanding of the causes and effects 

of the current semiconductor shortage and to find ways to mitigate or alleviate such 

circumstances in the future. This includes both methods and actions of individuals, as 
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well as both governmental organizations, and companies in all stages of the supply chain.  

This is supported by the following research questions: 

Research question 1: What is the current situation like regarding the semiconduc tor 

shortage? What kind of issues are behind the shortage? 

Research question 2: What are the largest barriers to resolving these issues? 

Research question 3: What actions could be taken to mitigate the effects of the shortage? 

As the topic is rather broad, the research approach was adapted by including a large 

number of sources from scientific literature, trustworthy news sources, and direct 

interviews with specialists working in the field. Based on this heterogenous collection of 

resources the process was planned in stages. First, the literature review would create a 

basis of knowledge to guide the market analysis. Together these two would in turn enable 

initiating the interview process.  

Similar studies have been done using a combination of multiple different sources and 

types of data with varying results. According to Burns (2020) for example, email 

interviews, especially when agreed on beforehand, are valued by managers and other busy 

professionals.  Whereas Roberts (2000) suggests also using web-based polling and 

surveying tools for capturing a wider potential audience. This would however likely 

simplify the answers, somewhat decrease the trustworthiness, and reduce the accuracy of 

the answers given. In addition, asking follow-up questions wouldn’t be possible. To 

gather the richest and most extensive material possible, McClelland suggests using 

individual face-to-face interviews. Due to large distances, time, and the ongoing Covid-

19 pandemic these interviews were largely decided to be executed as virtual meetings. 

(Burns 2010; Roberts 2000; McClelland 1994; Fossey et al. 2002; Denzin 2009) 

It is often challenging to combine many different sources and types of data into a coherent 

and considered whole in order to draw logical conclusions. Especially when these 

conclusions are to some extent open to interpretation, hence auxiliary tools for mixed 

method research, such as MAXQDA for data storage and compilation, were used 

whenever possible. 
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1.2 Research process & structure 

 

Figure 1. The structure and chapters of the thesis. 

The structure of this thesis is described above in figure 1. The research mixes mult ip le 

data sources and methods from a literature review and market analysis to a collection of 

unstructured interviews with various specialists, to offer a diverse sentiment from a 

multitude of viewpoints. The thesis begins by giving an overview of the market by 

introducing the largest and most notable current semiconductor manufacturers, showcases 

the special nature of the field by displaying the elaborate manufacturing process for 

semiconductors, and presents the concepts of demand and supply shocks, nearshoring, 

and the bullwhip effect to give an idea of the underlying factors behind the shortage. 

In the empirical section of the thesis, we’ll conduct a market analysis encompassing the 

field as it stands at the beginning of 2022. The interviewees are introduced, the interview 

process explained, and interview results compiled. In this section, the thesis also 

introduces the effects that the shortage has had on some significant industrial sectors, and 

how different stakeholders have responded to the changing environment. We’ll also have 

some comments from specialists on the subject. Finally, in the last chapters the findings, 

recommendations, and conclusions are provided along with an evaluation of the results. 
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2 LITERATURE REVIEW 

2.1 Semiconductor manufacturers 

The semiconductor industry is a complex business ecosystem that can be more easily 

introduced by dividing the market into three main business models, the first of which is 

integrated device manufacturers or IDMs. They focus on both the design and 

manufacturing of integrated circuits (IC) and related products. The second model is 

represented by fabless companies, which design microchips but contract out their 

production rather than owning factories themselves. The third business model is the 

complete opposite, foundries with the focus on only manufacturing IC products designed 

by other companies. These models are presented as a Venn diagram in figure 2 below. 

(Hung, Chiu & Wu 2017) 

 

Figure 2. The three most common IC business models are a combination of design and 

manufacturing. (Adapted from Hung, Chiu & Wu 2017) 

The most significant IDMs in terms of revenue according to IC Insights are Samsung, 

Intel, and SK Hynix, whereas the most notable companies in the fabless business are 

Broadcomm, Qualcomm, and MediaTek. Lastly, the top three foundries are Taiwan 

Semiconductor Manufacturing Company (TSMC), GlobalFoundries, and United 

Microelectronics Corporation (UMC). (IC insights 2022; IC insights 2016) 
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The most recent trend has been companies moving away from almost entirely IDM-

centric business models toward small fabless companies constructing strategic alliances 

with foundries to form the fabless-foundry model. This approach offers three major 

benefits over the IDM model: risk sharing, flexibility, and operational efficiency. Fabless 

companies do not have the same capital risk as IDMs or foundries, and can instead focus 

on shorter IC design cycles to move new designs faster into the production phase. 

Furthermore, the foundries taking orders from a large pool of fabless companies have the 

possibility to drive up utilization rates for their expensive facilities higher than before. 

This is critical in a field that operates traditionally with thin profit margins. (Hung, Chiu 

& Wu 2017) 

 

Figure 3. More than 85 % of the semiconductor production capacity is concentrated in 

the APAC region. (Adapted from Hamling et al. 2021) 

The semiconductor market is fragmented into several regions, of which the Asia-Pacific 

area (APAC) dominates the industry with approximately 85 % share of the global. TSMC 

and UMC are Taiwanese semiconductor foundries and are the basis for a large cluster of 

semiconductor-related companies in the Asia-Pacific area. (Hamling et al. 2021; Gai 

2021) 

65%
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5%
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Figure 4. Over half of all manufacturing capacity in matured nodes in 2021 was 

provided by just three companies. (Adapted from Gai 2021) 

87% of the global semiconductor foundries and fabrication is controlled by China, South 

Korea, and Taiwan. Taiwan Semiconductor Manufacturing Company, known simply as 

TSMC, is the largest semiconductor foundry owner in the world. TSMCs main customers 

are Intel, Apple, and Nvidia, which have traditionally focused more on IC design. 

However, there is also a large number of smaller companies that order smaller amounts 

of foundry capacity for chips made for more niche markets. (Chang & Wu 2021) 

The world's semiconductor manufacturing industry can be segmented depending on the 

applications they are intended to be used for. These application segments include 

consumer electronics such as home appliances, smartphones, laptops and computers, 

healthcare, and automotive electronics (Iannaccone et al. 2021). Overall TSMC produces 

the most semiconductors used in all of these various applications. Apart from Samsung, 

28 %
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11 %10 %

7 %

6 %

6 %

6 %

5 %
8 %
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NANOMETER AND BELOW, INCLUDING 8-INCH) 2021

TSMC UMC SMIC Samsung

GlobalFoundries Huanggang Group VIS Powerchip

Tower semiconductor Others



13 

 

TSMC is the only other company with the capacity to manufacture advanced 5-nanometer 

chips used in iPhones and the most powerful Graphical Processing Units (GPUs). TSMC 

alone controls roughly 54% of the global semiconductor fabrication market almost 

entirely from Taiwan. This centralization has brought great political leverage for the 

Taiwanese government but carries large geopolitical risks in terms of international safety 

and the stability of global semiconductor supply chains. (Chang & Wu 2021). 

Samsung is based in South Korea and is currently the second-largest semiconduc tor 

manufacturer in the world. It controls 17% of the global market. Samsung semiconduc tors 

go into making phones and tablets, especially for Samsung's product lines. In both South 

Korea and Taiwan, the market share is mostly controlled by a small number of companies 

that have generated complex business ecosystems around their operations. These 

ecosystems consist of hundreds or thousands of companies across multiple countries, and 

in some instances have even geopolitical reverberations. (Kuo & Klingler-Vidra 2021). 

Intel is the largest semiconductor manufacturer in the United States. It produces most of 

the semiconductors used in different applications within the United States and has a 

widely recognized brand in most western countries. Intel develops semiconductors for 

Central Processing Units (CPU) that are mostly used for laptops and Personal Computers 

(PC). The CPUs are either delivered to partners specialized in PC manufactur ing 

including Lenovo, Dell, and HP, or directly to customers. Other leading semiconduc tor 

manufacturers in the world include HK Hynix of South Korea, Broadcom Corporation, 

and Qualcomm, both of which are based in the United States and focus on the fabless 

business model. (Kuo, & Klingler-Vidra 2021) 
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2.2 Manufacturing process & requirements 

The IC development process and the most common activities that companies specialize 

in are described by Borges & Vieira on a general level in figure 5 below: 

 

Figure 5. Roles for companies operating in the semiconductor supply chain (Adapted 

from Borges & Vieira 2014) 

The whole IC development and manufacturing process is divided into four categories or 

steps that are executed in order. All of these phases require quite diverse sets of abilit ies 

and capabilities, thus creating numerous opportunities for specialization. The steps from 

first to last are: 

1) Designing the product according to the desired application, market demand, and 

current manufacturing capabilities. 

2) Manufacturing IC units on a silicon wafer using physical-chemical processes such 

as photolithography and etching. This phase is referred to as the front-end. 

3) Packaging the IC units and testing, a phase called back-end. 

4) Serving customers and related activities. 
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In this model  by Borger and Vieira (2014) of the semiconductor supply chain, different 

companies are classified into various groups depending on their role in the process: 

i) IDMs or Integrated Device Manufacturers, generally work with all phases of 

the chain from design to customer service. 

ii) Fabless companies. They operate in the conception and customer service 

phases without participating in manufacturing, testing, or packaging. 

iii)  Foundries provide manufacturing capacity for all other companies in the 

business ecosystem. 

iv) Companies with a focus on assembly and test services can specialize in back-

end activities. 

v) Design houses are independent contractors hired by IDMs, manufacturers, or 

occasionally fabless companies. 

vi) SIP (Silicon Intellectual Property) companies license their technology as 

intellectual property to a customer, which can be a fabless company, design 

house, or IDM. 

Ramping up production takes a considerable amount of time. Just manufacturing and 

shipping a finished product for a customer can take up to 26 weeks. The first step, creating 

the silicon wafer, takes about 12 weeks on average and up to 20 weeks for more advanced 

cutting-edge processes. Furthermore, perfecting the whole fabrication process to reduce 

production errors and to gradually increase volumes takes usually around 24 weeks. 

Finally, there is the assembly, testing, and packaging or back-end phase, which will often 

be additional 6 weeks to complete. Therefore, the total lead time from an order to 

receiving the final product can take up to a total of half a year. (Semiconductor Industry 

Association 2021) 

Utilization rates are often important metrics in any large-scale manufactur ing 

environment. As microchip design and manufacturing processes are always evolving, 

even the most high-end facilities have rapid depreciation rates. Consequently, in the 

semiconductor industry, requirements for high utilization are even more pronounced. The 

rates have often been between 75 and 85 %; however, during some quarters it has reached 

even over 95 %. (SIA 2021; IC insights 2021; Ycharts 2021) 
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Figure 6. Flow diagram for a simplified generic integrated circuit manufacturing process 

(Adapted from Goodsell 2009). 

The most common and challenging technique utilized in the manufacturing process is 

photolithography. A photolithography stepper or scanner is a sort of nanoscale printer 

that prints integrated circuit patterns on a silicon wafer. A simplified process showcased 

in figure 6 goes like this: 

1. The wafer is coated with a chemical referred to as a photoresist 

2. A scanner projects the circuit design onto the wafer using a mask 

3. After the scanning is complete, areas that have not been exposed are etched away 
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This process then starts over again and again until the desired resolution is achieved. The 

final result of the process is illustrated in figure 7 below. As showcased, a single wafer 

consists of many individual chips, which in turn contain millions of transistors. 

 

Figure 7. From left to right: 1. Semiconductor wafer; 2. IC chip; 3. MOSFET and 

bipolar transistor (Adapted from Goodsell 2009). 

 

The modern semiconductor manufacturing process is one of the most complicated and 

technologically challenging sequences of any high-volume production. It consists of 

hundreds of individual production steps that each have extremely low margins for error. 

If any step in the process is not flawlessly executed, the whole production must be 

started from the beginning. As the size of an average human red blood cell is around 

100 μm and a modern transistor is currently just under 10 nm, meaning that a cell is 

10,000 times larger than a transistor, even the tiniest dust particle floating in the air over 

the wafer could shade the light used in lithography causing significant issues and waste 

in the production chain. (Goodsell 2009; Ravi 2020)  

 

Due to the challenging manufacturing process, semiconductor foundries operate in 

highly automated cleanroom environments, where the number of particles in the size 

range of 0.5 micrometers is kept at 0-10 per cubic meter. A typical urban area has 

around 35 million particles per cubic meter. Temperature, humidity, pressure, and 

airflow are all tightly monitored and controlled at all times. In addition, there must be 

generators in the event of a power failure, and even during normal production, most 

facilities use hundreds of kilowatt hours of electricity and millions of gallons of water 
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daily. This will lead to problems, especially in areas where either electricity or water is 

a scarce resource. (Ravi 2020; Nichols 2016) 

 

The cost of a typical Integrated Circuit (IC) manufacturing facility ranges from around 1 

to 3-4 billion US dollars. Some semiconductor manufacturing processes could have 

fabrication yields as low as 20 %, which is quite a lot less than for example the yield of 

around 60 to 80 % in other well-established industrial manufacturing processes. (Jun, 

Chang & Jun 2020) To stay competitive, most semiconductor manufacturers have to 

offset these large initial investment costs and low yields with high rates of automation 

and centralized large-scale production, which has led to global production chains mostly 

focused on only a few facilities. (May & Spanos 2006) 

 

2.3 Cyclic markets 

The semiconductor industry is extremely cyclic by nature. During seasons of strong 

growth, the market often shoots up by 20 or even 40 % in a year. However, this usually 

lasts for only a year or two until the market radically shrinks by 10 to 30 % or has mult ip le 

zero-growth years. For example, in 2019 the semiconductor industry saw a decline of 15 

% and struggled throughout early 2020 until the Covid-19 pandemic provided the catalyst 

for a strong upturn in IC sales from late 2020 to 2022. This grew the market suddenly to 

a new all-time height in terms of chips sold. Figure 8 below showcases the Year-to-Year 

percentage changes tracking the worldwide semiconductor market revenue. (IC insights 

2022) 
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Figure 8. The growth rate in the Integrated Circuit market from 1996 to 2022 has been 

volatile (Adapted from SIA 2022). 

This type of cyclic behaviour is common in some industries and market sectors and less 

pronounced in others, yet it is often still present to some extent. A few key elements that 

determine the amplitude and length of market cycles are the capital cost to increase 

production capacity, demand elasticity, whether the supply is more responsive to market 

conditions than demand, and the stability of the current market environment. A cyclic 

market is defined by constantly altering periods of over-supply and under-supply even 

when other variables stay relatively stable. (Beaulieu et al. 1992; Wheaton 1987) 

2.4 Demand shocks 

Demand shocks are sudden increases or decreases in the demand of any individual trade 

item or service and may originate from an individual source or be a combined result of 

various influences. For example, retail stores may intentionally cause a spike in demand 

to empty their warehouses by launching extensive marketing campaigns and price 



20 

 

discounts. As a term, demand shock may refer to both positive and negative shocks, 

however, in this context we are mostly discussing the positive spikes, not negative drops 

in demand. 

Research has shown that when tasked with making decisions in quickly changing 

situations people and organizations tend to prefer over-estimating likelihoods for 

uncertain negative outcomes. This often leads to increased holding costs when compared 

to the theoretical optimal strategy. As the event-based uncertainty increases, decision-

makers brace for greater losses by overstocking, This event-based uncertainty creates 

quite distinct behaviour when compared to traditional random demand uncertainty as both 

the timing and magnitude of the shock are unknown. One critical aspect that decreases 

the inefficiencies related to demand shocks is information. Therefore, strengthening 

communication between manufacturers and retailers has been shown to have a positive 

impact on the profitability of both. (Tokar, Aloysius & Waller 2014) 

Many of the currently commonly used warehouse replenishment policies have the 

disadvantage of unavoidably transmitting sudden shocks in demand upstream toward the 

preceding links of the supply chain, according to Nilakantan (2015). Two of the most 

effective strategies in smoothing out demand shocks are the Moving Average (MA) 

control and a trade-off strategy, which seeks to reduce shocks and fluctuations in the 

entire supply chain ecosystem. The MA is often the optimal controlling choice for 

maximizing benefits in the individual warehousing unit, whereas trade-off benefits the 

complete system with reduced risks, increased profits, and without calling for high flows 

of material in the system. The downside is, that it may not always meet the demand fully, 

or will do it only after a significant delay, thus sacrificing profits in preparation for the 

demand shock. A choice between the MA and trade-off is therefore a choice between 

efficiency and robustness. (Nilakantan 2015; Tokar, Aloysius & Waller 2014) 

2.5 Supply shocks 

Events that cause rapid changes in the supply of a certain service or commodity by 

increasing or decreasing their availability are referred to as supply shocks. In the short 

term, positive supply shocks move the aggregate supply (AS) curve to the right, whereas 

negative shocks move it leftwards. Increases in the supply drive prices down and 

decreasing it raises them assuming that the aggregate demand (AD) stays constant. The 
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equilibrium price is always at the intersection of these two lines referred to as the 

equilibrium point. This theory is represented in figure 9 below. (Czech 2013) 

 

Figure 9. Negative supply shock moving the AS curve leftwards causing the price to 

increase (Adapted from Negative supply shock 2005). 

Supply-side shocks, as well as demand shocks, are caused by sudden changes in the 

operating environment and can be either positive or negative. These changes could be 

either a one-time occurrence or a more permanent change. The extent of the shock 

depends mostly on a few key factors, which are the expected duration, magnitude, and 

associated incremental costs (i.e., the number of required substitutes) of the shock, and in 

addition on the price elasticity of the products or services affected by it. (Czech 2013, 

Asquith et al. 2019) 

According to Childerhouse, Disney & Towill (2009) and Hoover et al. (1996), scheduling 

volatility impacts supply chains via two self-feeding cycles, the first of which is based on 

quality issues, and the second has to do with planning and inventory management 
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challenges. These two cycles are illustrated in the following figure 10, originally by 

Hoover et al. 1996: 

 

Figure 10. Chaotic behavior in the supply chain is caused by self-enhancing feedback 

loops forming two "Vicious Circles" (Adapted from Hoover, Tyreman, Westh  & 

Wollung 1996). 

As both of these loops affect each other and themselves, even brief initial errors in 

scheduling cause rapid deterioration in the predictability of the system. The two feedback 

loops and their phases are described in detail above. The chaotic behavior can begin from 

any step in the figure, yet eventually, it will reach all phases of the system and magnify 

itself. (Childerhouse, Disney & Towill 2009; Hoover et al. 1996) 

To mitigate scheduling issues the most effective method recommended by Childerhouse , 

Disney, and Towill is to utilize Pass on Orders method (PoO). The philosophy behind 

PoO is to directly relay all customer order data to the manufacturing floor. As a result, 

the employees are then expected to utilize their up-to-date knowledge of local conditions 

to determine the necessary resources for meeting the upcoming demand. Out of mult ip le 
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different scheduler strategies, this relatively simple solution was better than roughly 75 

% of the alternatives. (Childerhouse, Disney & Towill 2009; Disney et al., 2005) 

Essentially, the closer inspection of this phenomenon has led some researchers to 

conclude that achieving sufficient understanding to accurately forecast upcoming supply 

shocks is highly unlikely without large, complex data models, AI-assisted computing, and 

other significant enhancements in capability. However, technological developments in 

this sector have been made, and according to some research, have been reducing the 

severity and prevalence of shocks in many fields. One of the easiest categories to diminish 

using these statistical or technological methods is shocks related to defects in market 

demand anticipation, and other consumption-related forecasts. (Deng & Liu 2021; 

Happonen 2012; Joo et al. 2002; Salisu & Gupta 2021) 

2.6 Bullwhip effect 

When demand spikes and drops move through the supply chain from downstream 

(consumers) towards upstream (manufacturers, suppliers) they are amplified by the 

bullwhip effect between each step as agents react disproportionately to changing demand 

based on incomplete information. These distortions create immense inefficiencies in the 

overall supply chain network greatly magnifying the original variation. Common 

consequences of the phenomenon include misguided product forecasts, sequentia l 

overstocking or understocking, long backlogs, increased order swings, especially to 

suppliers, poor production planning, and even complete product unavailability. Over 

longer periods these issues contribute to decreased resilience and profitability for all 

parties involved in the supply chain. Even greater risks of emerging bullwhips are 

introduced when the length and complexity of supply chain networks increase, which has 

been the prevalent trend since the beginning of modern industrialization. The steps and 

developmental phases of the bullwhip are represented in figure 11. (Lee, Padmanabhan 

& Whang 1997) 
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Figure 11. A relatively minor increase in demand causes pronounced reactions in the 

supply chain as disruptions cumulate. (Adapted from Lee et al. 1997) 

Most research seeks to model supply chains by simplifying them as only a few cascading 

interconnected participants in a detached environment. This may be sufficient for some 

analytic approaches; however, the majority of supply chains exist as immense ly 

complicated webs of interaction that possess a plethora of customers, suppliers, and 

divergent links between industries. Even further complications are often caused by 

sourcing and distribution activities. Therefore, the traditional model is often not suffic ient 

when used to assess complex behaviour in a complex system. (Ouyang & Li 2010, Wang 

& Disney 2016) 

2.7 Nearshoring and reshoring 

Nearshoring is the process of transferring manufacturing plants and facilit ies 

geographically closer to the home country using a third-party provider. Usually, this is 

done when reducing distance is considered to also decrease multi-dimensional risks 

related to physical separation. These risks could refer to difficulties when dealing with 

time, for example, reducing time zones between the subdivisions of the company in order 

to aid in scheduling meetings, issues caused by cultural misunderstandings, language 

barriers, or increased costs for communication, shipping, and tariffs. (Carmel 2006) 

Relocating certain offices and factories can also be done to provide convenient travel for 

face-to-face interaction. (Carmel 2006; Carmel & Abbot 2007; Porter 1998) 
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One of the main reasons behind the nearshoring trend is the need to improve reliability, 

efficiency, and the social cohesion of the company by shortening the distance. This 

phenomenon is sometimes seen as a counterweight to the previously widespread trend 

towards farshoring, which focused mostly on economic issues by seeking inexpens ive 

production facilities from far-away locations. Most often the only major obstacle to 

relocation is the high cost of moving itself, which may be offset by opportunity costs or 

by taking into account the risks involved in staying long-term. (Kiesler & Cummings 

2002; Carmel & Abbot 2007) 

Reshoring, by comparison, is an even more radical practice of moving production 

capacity and services back to the company’s country of origin. This has similar benefits 

as nearshoring, but often ones that are more focused on risk mitigation. Reshoring 

becomes even more beneficial when risks related to international conflicts increase. It can 

also be done to ease supply chain management as most sections of the chain are operating 

in the same time zone within proximity of each other. Moreover, the regulatory pressure 

from multiple countries involved in the production is reduced by compressing the process.  

Another trend in favour of reshoring is the increasing labour and shipping costs in 

developing countries, especially in China and Asia. To facilitate this development some 

countries have presented monetary and regulatory incentives, the effectiveness of which 

is still being studied. (Barbieri, Ciabuschi, Fratocchi & Vignoli 2018) 

2.8 Mathematical models 

The next section has to do with mathematical models developed and used as tools to 

enhance the effectiveness of supply chain management. They can be utilized solely by 

themselves, although even more effectively, in combination with one or more of the 

previously mentioned mitigation techniques. A mathematical model can be for instance 

translated into an adaptive pricing algorithm, which would offer quicker reactions and 

live forecasting for the sales departments of different company subunits, or the supply 

network as a whole. In other situations, a mathematical model could facilitate adjusting 

strategic inventories, offer insight to support production and maintenance schedules, or 

keep track of any concentrated supplier risks involved in the network. The potential of 

these models naturally develops as computational capabilities to utilize them increase. 

After certain tipping points have been reached, even completely novel applications could 
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arise, such as the possibility to render accurate 3D graphics in real time during the 20th 

century. (Gilliand and Prince 2001) 

Some research has also been done on the potential mathematical models by which such 

calculations could be made. In a 2014 paper by Ouaarab et al., the researchers explored 

the idea of utilizing math solvers for the Travelling Salesman Problem (TSP) and discrete 

cuckoo search algorithm (DCS) in optimizing the function further. Results were 

promising as close to an optimal solution was reached in only 50 iterations. (Ouaarab, 

ahiod & Yang 2014) 

More recently, various optimization algorithms have been studied for their ability to 

enhance supply chain management. Two of the most significant groups are single -

objective and multi-objective models. In addition, they can be classified as open-loop or 

closed-loop networks.  

In the semiconductor supply chain, different agents may require different algorithms to 

optimize different sections and aspects of the system. For instance, some of the rearmost 

parties in the supply chain may want to utilize the following closed-loop multip le-

objective model by Ozkir and Basligil (2013): 

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑇𝑅𝐸𝑉 − 𝑇𝑆𝐶 − 𝑇𝐹𝐶 − 𝑇𝑃𝐶 − 𝑇𝑃𝑈𝐶 − 𝑇𝑇𝐶 − 𝑇𝐻𝐶 − 𝑇𝑃𝐸𝐶 

In this equation, to find optimal solutions an algorithm would seek to minimize each cost 

such as the total setup costs (TSC), total fixed costs (TFC), processing costs (TPC), 

purchasing (TPUC), transporting (TTC), handling (THC), and penalty costs (TPEC). At 

the same time, a maximal value for the total revenue (TREV) would be searched for. All 

costs are then deducted from the revenue to calculate the maximal profit an operator in 

the supply chain can achieve. This optimal value can then be used to compare and evaluate 

the current status of the supply chain, and further action can be done based on the values 

of each variable. There is a multitude of ways to calculate each variable in this equation, 

some of which are explored in detail in the original paper by Ozkir and Basligil (2013). 

Similar models have been developed for optimizing minimal total costs (Tsiakis et al. 

2001; Salema et al. 2007; Abdallah et al. 2010; Ramudhin et al. 2010; Pishvaee et al. 

2011; Sabio et al. 2012), delivery time (Liang 2008; Che and Chiang 2010; Kamali et al. 

2011), environmental impact (Giarola et al. 2011; Pozo et al. 2012; Sabio et al. 2012; 
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Shaw et al. 2012), and lead time, losses, financial risk, investment costs et cetera. 

(Moncayo-Martínez and Zhang 2011; Jamshidi et al. 2012; Azaron et al. 2008) These 

models can be used in designing supply chain networks, selecting suppliers, production 

planning, warehouse management, and demand forecasting depending on the type of the 

mathematical model. 

However, the previously described models are quite primitive compared to some of the 

modern ways in which companies utilize their vast quantities of data. In a 2019 paper by 

Jiang Wuxue, he demonstrates a simulation model for supply chains that first creates the 

bullwhip effect, and then learns to prevent it from happening. This is all done utilizing a 

collaborative model, IoT devices, and large cloud computing resources. The model for 

the bullwhip effect used in the simulation in its most simplified form with only one 

producer and the retailer would look like the following: 

𝐷𝑡 =  𝜇 +  λ𝐷𝑡−1 + 𝜃𝑡 

Where 𝜇 is a constant demand with no variation, λ is the correlation between demand in 

two adjacent periods, and 𝜃𝑡 refers to the demand variation error, which is period-

independent. The equation provides end customer needs as 𝐷𝑡 linking them in time to 

previous and subsequent periods. Upcoming demand can be predicted directly by 

using the moving average method or in a more sophisticated manner by combining it 

with the order quantity formulas and determining the ratio of the variance of the order 

quantity received by the manufacturer to the variance of the customer’s demand 

received by the retailer. (Jiang 2019) 

The model described in the paper by Jian (2019) would then utilize data from all parts of 

the supply chain and help formulate a common strategy to mitigate the upcoming 

bullwhip. Collaboration would thus be based on a foundation of shared data, which 

requires a certain level of trust. In many industries, such trust exists, however, 

semiconductor manufacturing may be one exception. 
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3 RESEARCH MATERIAL AND METHODS 

The following three chapters will make up the empirical section of this thesis. In this 

chapter, we will briefly go through the data gathering, analysis, and research methods 

used in the research. Thereafter, the results of the research methods described in this 

chapter will be used in subsequent chapter 4 which goes into more detail on the market 

analysis, section 5 on the interviews, and in section 6 which discusses the results in full.  

The purpose of this section is to set out the common contextual information used in the 

study in general and the process of obtaining it, upon which the following chapters will 

be constructed. This is to ensure that the reader understands the sources that were used to 

gather the information. 

3.1 Research methodology and data analysis 

To search for relevant literature, open scientific databases such as the Web of Science, 

Scopus, JSTOR, and ScienceDirect were utilized. In addition, the most recent news 

articles from trustworthy economic, scientific, and technical publications were selected 

to reflect the changing undertones of the situation. Previously mentioned sources and 

databases were supplemented by publications found using Google Scholar. In order to 

capture these results the following list of keywords was used by themselves and together 

as various combinations in the literary review sections of the thesis: 

- Semiconductor shortage 

- Semiconductor crisis 

- Supply chain management 

- Supply chain challenges 

- Supply glut 

- Supply spike/shock 

- Chip shortage 

- Demand spike/shock 

- Integrated chip 

- Integrated circuit manufacturing 

- Lithography 

- Bullwhip effect 
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- Nearshoring 

- Reshoring 

This list is by no means comprehensive yet indicates how the literature research was 

conducted. First by forming an overall picture of the situation, then deepening it by 

seeking out individual elements behind the phenomenon. Throughout the process, peer-

reviewed articles were favoured over releases from institutions with an agenda, an 

economic or an ideological one, as their motivation.  

Due to the rapidly evolving nature of this paper’s topic, some information was so recent 

that it could only be retrieved from non-peer-reviewed or otherwise non-scientif ic 

sources. Such cases are for example the effects of certain political decisions, changes in 

manufacturing or shipping capacity, and largely the consequences of these developments. 

Sometimes sources such as news agencies, SIA (Semiconductor Industry Association), 

and other organizations that have the goal of increasing profits for their members by 

lobbying and influencing governments were used. Even still, these sources were deemed 

to be reliable enough to showcase certain trends in the market. Potential short-term 

inaccuracies were not seen as relevant in the scale of this work. After the base information 

had been gathered, it was time to move on to the interviews. 

The interview process is described in more detail within chapter 5, but in a nutshell, the 

first step was to create profiles of the people who would be interviewed. These were 

sought out and contacted mainly through LinkedIn connections. Interviews were 

scheduled and questions were formulated to fit the profile. Most of the interviews were 

conducted remotely in Microsoft Teams. Finally, the majority of the work was spent on 

transliteration and evaluation of the results, which took up the majority of the time. 

After the study was finally complete, the research questions, conclusions, and results were 

shown to most of the interviewed personnel so that they could comment on the 

conclusions before publication. Roughly one-third (4) of all interviewed people wanted 

to see verify the final product. This was done to increase the reliability of the results. In 

addition, some predictions already began to materialize before it was complete such as 

the GPU demand glut following the collapse in the value of most cryptocurrencies, the 

easing of the container shortage, and emerging complications in the European energy 

sector.  
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4 MARKET ANALYSIS 

To gain a better understanding of the semiconductor industry, we need a deeper 

perspective on the semiconductor market and how it has been changing. This chapter 

covers the market analysis section, which will cover the immediate historical background 

and future forecasts for semiconductor demand. We will also dive deeper into the impact 

that the pandemic, logistical difficulties, and other recent events have had on the 

availability of semiconductors, and the market as a whole. We then discuss the reactions 

of governments, companies, and individuals to the turmoil of recent years, and conclude 

with a quick recap of the container crisis, which coincides closely with the most difficult 

months of the semiconductor shortage. 

The market analysis was mainly carried out by monitoring news outlets, demand indices 

in certain key sectors, and, for instance, open transponder data from ships near the largest 

ports over the past year. Most of the major events, such as the unwinding of peak demand 

in the graphics card, cryptocurrency, and container markets, could be observed in near 

real-time during the study. Comparing this new data with pre-pandemic reports, such as 

old revenue figures and forecasts from Semiconductor Industry Association or Jon Peddie 

Research, allow us to build a picture of how the market changed as the semiconduc tor 

crisis unfolded. 

For this particular study, existing market analysis reports, overviews, or studies were used 

to facilitate the research process, whenever they were available. However, they were not 

completely relied upon, as the methodology, sources, and findings of the material were 

verified to be applicable to the research question and objectives, and occasionally more 

recent data was gathered from open sources such as valuations for key indexes in the 

shipping chapter.  
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4.1 Semiconductor demand 

Worldwide semiconductor sales have increased from around 200 billion US dollars at the 

turn of the millennium to 440 billion USD in the first year of the pandemic and roughly 

527 billion USD in 2021 greatly surpassing previous expectations. Units sold during 2021 

exceeded 1.05 trillion in November, which is the record annual total sales amount. When 

compared to the previous year 2020, 2021 saw a significant increase of 20 – 25 % in 

global semiconductor sales, one of the largest in history. (SIA 2021) This came after a 

prolonged period of reduced investments in semiconductor fabrication capacity between 

2012 and 2019 as presented in figure 12.  

Figure 12. There has been a long period of reduced investments for new fabs leading up 

to the supply crisis. Values after 2021 are estimates. (Adapted from Gai 2021) 

In addition, Semiconductor Industry Association SIA and World Semiconductor Trade 

Statistics WSTS forecast that the industry will continue to grow up to 573 billion USD 

by 2022. As demonstrated earlier by Figure 8 in chapter 2.4, global semiconductor sales 
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fluctuate in the short term, however, the trend is evident as there is more than a twofold 

increase over the last two decades. (SIA 2021) 

4.1.1 Demand drivers 

Multiple transformative technologies that could drive further semiconductor industry 

growth are currently in their early stages. Some of the most notable examples include 5G, 

artificial intelligence (AI), autonomous vehicles, and the internet of things (IoT). A key 

driver for increased semiconductor demand for various AI-based needs (raytracing, 

autonomous vehicles, cryptography, etc.) is ASICs or Application Specific Integrated 

Circuits that are designed for a certain use case from the ground up. This means that the 

software is designed first, and the hardware is optimized for the specific program in mind. 

Especially in embedded systems, this enables large efficiency increases when running the 

same calculations in rapid succession as the program is already partially adapted within 

the design of the chip. 

In 2020, the global semiconductor market was worth 425 billion US dollars. The impact 

of the COVID-19 pandemic on the semiconductor market has been staggering. That lead 

to large volatility at the beginning of 2020 and even an initial slowdown in production, 

although only a few months later the market experienced growth across multiple regions 

even despite shortages and various other issues (Coughlin 2020). Based on an analysis by 

Fortune Business Insights, the market grew by a rate of 3.3 % in 2020. It is expected to 

expand from $425 billion in 2021 to just over $800 billion in 2028. The expansion in the  

semiconductor market will be fuelled by economic growth returning to pre-pandemic 

levels as well as by a large discharge of accumulated consumption. The growth in the 

market is also attributed to the rising consumption of consumer electronics across 

different regions of the world (Petrov 2021).  

The emergence of technologies such as the Internet of Things (IoT), Artific ia l 

Intelligence, and Machine Learning are offering a stable foundation for further market 

development in coming years. These technologies require faster and more advanced 

memory chips, and even more refined semiconductor manufacturing capabilities for 

transistors in the size range of 7 to 5 nanometres. Due to all these technologica l 

developments, as well as the ongoing adoption of 5G in mobile devices, the demand for 

semiconductors has witnessed a dramatic increase that is likely to continue for numerous 
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years. However, this demand likely won’t be uniform in its division between fields of 

industry, application, or maturity. (Coughlin 2020, Petrov 2021) 

The need to work from home due to the pandemic has led to a surge in the usage of 

networking and communication technologies as well as increased demand for 

decentralized data processing applications. Lockdowns and restrictions on physical 

encounters have also limited the number of entertainment options, which increased the 

demand for gaming consoles, and other semiconductor-based devices. This has led to 

steady and strong growth which is driven even further by an increase in household 

disposable income in many countries due to historical all-time highs in quantitat ive 

easing, as well as a growing global population and rapid urbanization. These trends have 

expanded the demand for semiconductors far over the combined global manufactur ing 

capacity thus increasing prices and creating component shortages in some industr ies. 

(Voas, Kshetri, & DeFranco, 2021) 

While the economic shutdowns induced by the pandemic disrupted supply chains across 

the world, the demand for semiconductors surged to a record high with the reopening of 

the economies. This has led to a market shortage for semiconductors affecting 

manufacturers of consumer electronics across the world. The shortage is expected to last 

at least until the end of 2023 if not longer by many analysts. (J.P. Morgan Research 2022) 

The market outlook for leading semiconductor manufacturers looks very positive going 

into the future. (Voas, Kshetri, & DeFranco, 2021) 

4.2 The effects of the pandemic on the semiconductor industry 

The response to the suddenly deteriorating market outlook at the beginning of 2020 for 

many companies, especially in the car manufacturing industry, was to quickly cut back 

some production. At the time, many analysts expected the pandemic to lead to lost 

production capacity first in China, and soon after all around the world. A relative ly 

common and sensible viewpoint at the time, albeit a rather dismissive in retrospect, is 

illustrated by the following quote from an established research institute from the 

beginning of 2020: 

“This is the third consecutive quarter of increased GPU shipments. However, Q1 

which is seasonally flat to down may show an unusual dip because of supply chain 
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interruptions from China due to the Coronavirus epidemic.” (Jon Peddie, President 

of Jon Peddie Research 26.2.2020) 

These views turned out to be somewhat inaccurate as, according to Jon Peddie Research 

themselves, GPU supply dropped only from around 93 pre-pandemic to 88 million units 

in Q1 of 2020 rapidly increasing to over 120 by Q4. At the same time, car manufacturers 

opened production facilities faster than expected and joined the bidding competition for 

fabrication time. Foundry schedules filled up when automakers started competing with 

the largest tech companies for the diminishing capacity, having initially underestimated 

the consumer demand for the second quarter of 2020. Many smaller customers were thus 

driven to the far end of the waiting list, creating a build-up of unmet demand for many 

months to come. (Ravi 2020; Pizzemento 2021; Joshi 2020) 

At the same time, the Covid-19 pandemic closed facilities in almost all industries, and the 

cost of silicon increased due to the higher demand for high-quality silicon for producing 

vast quantities of vaccines. (Pizzemento 2021) Many of the interviewees who worked in 

foundries, design houses, or other closely related organizations, described the summer 

months following the start of the pandemic as the most intense period they have seen in 

the business. Utilization rates were high, downtime was minimized whenever possible, 

and additional recruitment was commonplace. Dissolving the backlog always takes time, 

especially in an industry with long lead times, and unmet demand required lots of 

investments in both material and personnel.  

At roughly the same time, issues in recruiting new people into the business also became 

more common. Similarities with the so-called great resignation taking place in various 

other industries exist. Interviewee H speculated one likely reason to be, that most 

technically minded scientists, engineers, and other professionals are drawn towards the 

software industry rather than hardware. Not only are the jobs more often fully remote, 

more comfortable, safe, and easily attainable, but in addition, the pay is usually higher in 

software rather than hardware. This reduces the interest of young people to even pursue 

a career in the semiconductor industry and enlarges the gap in job applicants. 

Furthermore, nowadays young people do not become overly familiar with the physical 

details of computer architecture. They do not meddle with electronics, as fixing your own 

computer by yourself is much harder than it was in the past, oftentimes made even 

impossible by the manufacturer. The interviewee concluded that this trend is probably 
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going to continue as technology becomes ever smaller in size, more complex, and ever 

more integrated. Similar concerns arose when discussing the continuous proliferation of 

ever-further miniaturized chips, specialized computing units, ASICs, and other 

comparable developments taking place with interviewee E.  

4.3 Automotive industry and the semiconductor shortage 

A significant part of semiconductor demand is generated by the car manufactur ing 

industry. As modern cars require currently up to 150 ECUs (Electronic Control Units) per 

vehicle and operate using continuously more complicated, expensive, and sophisticated 

software, nowadays even exceeding 100 million lines of code. That is a quite considerable 

amount when compared to other software products of the embedded variety, such as the 

F-35 fighter jet, which has around 35 million. Even the widely used Windows operating 

system has only around 55 million lines in 2020. (Ebert & Jones 2009, eeNews 

Automotive 2019) 

 

Figure 13. Conventional cars are highly reliant on legacy and mature nodes (adapted 

from Alexander, Meissner F & Kirschestein 2021) 
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According to an article released by Roland Berger (2021), approximately 40 % of the 

demand for semiconductors is from the car manufacturing industry alone. Most of these 

are for use as ECUs, which require comparatively low-tech legacy nodes and mature 

products. Cars mostly utilize transistors in the size range of 40-450 nm, which is quite a 

lot larger than the current leading-edge (under 10 nm). (Alexander, Meissner & 

Kirschestein 2021) The usage of semiconductors from different maturity groups is more 

thoroughly described in figure 13 above. 

One currently occurring trend in the semiconductor industry around automotive 

computers is a move from centralized architecture toward a zonal architecture supported 

by long-term supply contracts with foundries and other companies in IC design or 

manufacturing. Customers and suppliers have had mutual capacity commitments over 

many years that enable long-term capacity planning and more efficient manufactur ing 

resource utilization. The aforementioned strategy is becoming more common as car 

manufacturing companies have encountered increased challenges in securing enough 

chips for their vehicles. (Alexander, Meissner & Kirschestein 2021; Ebert & Jones 2009; 

EeNews Automotive 2019) 

Some other strategies include Hyundai’s effort to avoid the crisis by stockpiling chips in 

temporary warehouses to try and outlast the crisis. This may have been more effective, if 

the supply chain issue had been a fleeting hitch, instead of a large consolidation of 

multiple systemic challenges. Other automakers, Toyota and Tesla included, started 

designing their own chips and producing mature ones already some time past. Even 

though the strategy of partial self-reliance initially eased a small portion of the pain, it 

turned out to not be enough to completely avoid the issue of counting on the dedicated 

foundries and their capacity. (EeNews Automotive 2019; Pizzemento 2021) 

4.4 Chip shortage and cryptocurrencies 

When talking about a shortage of graphics cards for recreational use, the media has 

sometimes implied at the beginning of 2020 that there has been a negative drop in supply. 

In reality, the opposite is true for GPUs. The shipped units for example for Nvidia dropped 

briefly in the first quarter of 2020 as the pandemic first hit, but quickly recovered hitting 

new highs during the same year. Since then. this trend has only continued. (Needham 
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2021) This implies that demand for GPUs has significantly increased, and the increase in 

supply has not been fast enough even though it has been considerable. 

One of the largest developments in crypto mining happened on 15.9.2022 when the 

second largest blockchain Ethereum completed its transformation from the Proof of Work 

(PoW) model to utilizing Proof of Stake (PoS) instead. In practice, this means reducing 

the energy consumption of its validation nodes by roughly 99 %. (Kessler 2022) Instead 

of requiring computationally intensive mining using GPUs, in the PoS model new crypto 

coins will be generated based on stakes people set in their portfolios. The fewer stakes  

there are at any moment, the more of them will be rewarded to participants. Thus, the 

benefits of maintaining the network scale down until a balance are reached. This radically 

changes the demand for equipment needed for maintaining the blockchain network. GPU 

mining racks and power-hungry PoW processes will be superseded by new technologies 

focused on faster, more efficient memory management and staking. (Kessler 2022; 

Coinbase 2022) 

Since then, the value of most cryptocurrencies has almost collapsed and there have even 

been occasional complete crashes of crypto exchanges. A good example is the downfall 

of the famous and popular FTX exchange in the winter of 2022. FTX took down many 

tokens and around 8 billion USD in value as it filed for bankruptcy. Bitcoin and Ethereum 

have since both reached new two-year lows driving down crypto mining profits even 

further. (Ramirez 2022) 

4.5 Chip shortage and consumer electronics 

The proceedings of the cryptocurrency market have been somewhat parallel to the ones 

taking place in consumer electronics, as both mining rigs and personal computers use 

similar components. In addition, various smaller appliances utilize the same legacy chips 

as embedded computers within the car industry. Thus, even the consumer electronics 

market was not sheltered from the effects of the shortage, and scarcity was, and to some 

extent still is present in a multitude of markets. 

One clear example of issues was the decision from Nvidia to withhold the release of the 

new RTX 4000 series originally planned for July 2022 at least until December of the same 
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year. Previously Sony and Microsoft both had trouble sourcing chips for their newest 

consoles, and  

According to Nvidia CEO Jensen Huang, decreasing GPU prices any further is 

impossible. He also announced that the cost of wafers has increased and the ability of 

Moore’s Law to deliver more powerful chips for the same price is over. (Ivan 2022) Just 

two days after Nvidia’s announcement their main competitor AMD declared significant 

price cuts to their whole Radeon RX 6000-series GPU line-up. AMD also notified that 

they have the ability to produce GPUs even cheaper still, potentially driving prices down 

in the future. This revitalized competition could entail a period of shrinking profit margins 

for the largest GPU producers for some years to come. At the same time, it could also 

enable an increase in customers’ ability to upgrade their hardware, as well as allow Sony, 

Microsoft, Dell, HP, and others to produce cheaper consoles or PCs. (Ivan 2022; White 

2022) 

4.6 Reactions to the shortage 

4.6.1 Governmental reactions 

In 2020 15 % of Taiwan’s GDP was generated by semiconductor manufacturing. Since 

then, some analysts have stated that the Taiwanese semiconductor industry and economy 

have greatly benefitted from the semiconductor shortage, trade tariffs set up against 

Chinese manufacturers, and the ban on Huawei. Thousands of Taiwanese companies are 

either leaving, considering leaving, or in the process of leaving mainland China to return 

to Taiwan, the most common reasons being increased shipping and electricity costs, as 

well as political instability. (Kuo, & Klingler-Vidra 2021, Collison 2021) 

This has raised US interest in Taiwanese American cooperation in semiconduc tor 

manufacturing and has been one of the driving forces behind governmental investments 

in the industry. (Koho 2022; Collison 2021) The trend of decentralization or reversing 

globalization has staggered multiple other supply chains as well. As semiconductors are 

one of the most significant key nodes in a global network of intertwined supply chains, 

they are considered an important asset from political, as well as economical, and military 

points of view by many geopolitical entities. Through this key link, any large incidents 

occurring in one industry, such as automotive or consumer electronics, could travel 

swiftly from one end of the supply chain to all of the others. The larger the government 
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or coalition, the more likely it is to seek to avoid crises by controlling these key links by 

themselves, either directly or indirectly. (Kuo, & Klingler-Vidra 2021; Collison 2021) 

To ensure semiconductor availability for purposes of the utmost societal importance, the 

European Union, the USA, and China have all decided to allocate significant monetary 

resources to the establishment of new foundries, research facilities, and other production 

centers. Governments have provided financial support to the semiconductor industry in 

the form of grants, loans, and other forms of assistance. This support is intended to help 

companies in the industry to invest in new technologies and manufacturing processes, as 

well as to address the challenges posed by the current shortage.  

For example, the European Commission decided to support European microchip 

production by allocating an aid package of 11 billion EUR directly and more than 43 

billion EUR indirectly in order to double the production of semiconductors. To ultimate 

goal is to reduce reliance on manufacturers from the APAC region. The commission seeks 

to quadruple European semiconductor manufacturing by 2030 and focus on the most 

high-tech 5 nm chips. This decision was made just some weeks before the Russian 

invasion of Ukraine started escalating in February. (Ozili 2022; Koho 2022) 

After the invasion, governments have also worked to secure supplies of semiconduc tors 

by entering into agreements with manufacturers and other industry players. This can 

include agreements to prioritize the supply of semiconductors to certain companies or 

sectors or to allocate a certain percentage of production to specific countries or regions.  

A prime example would be the CHIPS act by the United States government. (Kannan 

2022) 

Overall, governments have taken a range of actions in response to the semiconduc tor 

shortage, intending to support the industry and address the challenges posed by the 

shortage. These efforts are aimed at ensuring that the semiconductor industry can continue 

to support the growth and development of the global economy. Another timely subject is 

the government's role in providing its citizens with suitable infrastructure to operate in 

the modern world. The radical nature of the additional stress that the pandemic suddenly 

caused on the cloud resources is well demonstrated in figure 14 below: 
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Figure 14. Compared to the same quarter of the previous year, annual Zoom meeting 

minutes increased by 3300 % in October 2020. (Adapted from Dean 2022) 

Using Zoom in this way as a direct indicator is naturally somewhat inaccurate as it did 

not see widespread global utilization before the lockdowns began. At least not in the same 

way as Microsoft Teams, or other streaming services like Twitch or Netflix. Fortunately, 

we have similar statistics for Teams as well in figure 15 below, which can be used in 

assessing the overall effect of the pandemic on IT infrastructure.  
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Figure 15. Active Teams users according to Microsoft. (Adapted from Spataro 2021) 

These two figures point toward the general direction of exponential growth in the data 

load required by people all over the world, to not only stay informed and entertained but 

also to accomplish critical tasks such as work or education. Teams was widely used even 

before the pandemic as it comes pre-installed with Windows, yet the data in Figure 15 

clearly shows how large the effect ended up being. (Curry 2022; Spataro 2021) 

As the IT infrastructure becomes more critical for an ever-increasing pool of applications, 

the significance of ensuring sufficient semiconductor availability has been noticed as 

well. The involvement of the US, European, and Asian governments in the industry was 

expected to increase to some extent by Interviewees E, F, and G. In many countries, most 

notably the South-Korea, Taiwan, and Japan these technological corporations are already 

critical parts of the political system. 
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(1) “It is difficult to understate how linked TSMC and the Taiwanese government 

are. Taiwan is obsessed with TSMC. And in fact, has been for a long time. The local 

nickname for the company is translated as the “Silicon Sacred Mountain” or the 

“Silicon Shield”. A recent TSMC's additional foundry consumed a third of Taiwan's 

newly generated electricity. Its more than forty-thousand employees also 

contributed more than a percent of total newborns in Taiwan.” (Interviewee E 

about the link between Taiwan and TSMC) 

Interviewees working within the semiconductor industry are skeptical that the efforts to 

increase domestic IC manufacturing by subsidizing could be effective. Other interviewees 

B and C saw the role of governments as influential in other ways. They thought that 

investments into the sector are foremost to ensure the availability of semiconductors for 

a few critical applications that require a relatively small amount of them, such as military 

manufacturing or research. Developing a large-scale commercial ecosystem around the 

semiconductor industry would require a much more significant concentration of talent 

and capital that takes considerable time and effort to establish, and in addition constant 

care and administration to keep it competitive.  

4.6.2 Company responses  

Common reactions to the pandemic have been to move the business online whenever 

possible (Ro 2020), to increase remote work among employees (Ravi 2020), and 

especially for the service sector to halt operations altogether in multiple countries. Within 

the semiconductor industry, companies have invested in new technologies and 

manufacturing processes to improve the efficiency and productivity of semiconduc tor 

production. This includes any investments in technologies that can help to increase the 

output of semiconductor fabrication facilities. (Geda 2020, Joshi 2020) 

Container prices increased from 2,000 $ to almost 20,000 $ during the height of the 

container shortage, while the wait times in ports increased as well. An interesting response 

by Amazon has been to produce new containers by themselves. To combat the container 

shortage Amazon has produced 5,000 – 10,000 containers during the years 2020 and 

2021, which are not shipped back to Asia once they arrive in the US. Instead, Amazon 

utilizes its containers for trucking and train deliveries. Amazon ships now more than 72 

% of its packages, up from 47 % in 2019. (Tarasov 2021)  
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To avoid the long wait times Amazon has reportedly begun to avoid ports altogether in 

some cases, instead focusing on leasing at least 10 long-haul planes from the struggling 

air industry to deliver the most profitable goods directly from China to the USA. The 

labour shortage has hit Amazon hard, and it is likely the most challenging issue to tackle. 

Currently, Amazon is offering a sign-on bonus of 3,000 $ for all seasonal employees hired 

during 2021. One of the last bottlenecks Amazon is solving is the warehouse capacity. 

250 new facilities were opened up only in 2021. (Tarasov 2021) 

As temporary fixes, some companies are stockpiling goods in trailers and chartering 

private container ships. In long term, other companies are making sweeping changes in 

their supply chains. Some of these include shifting manufacturing closer to home, 

refracturing supply chains, or completely switching strategies to restructure from group 

up. (O’Neal 2021) 

4.6.3 Customer reactions 

The most significant and widespread element affecting individual consumers during the 

last two years has likely been the covid-19 pandemic, which forced many to cut down on 

expenditures, such as eating out or traveling and gave reasons to avoid places where close 

contacts can’t be refrained from. This diverted consumption toward home entertainment 

electronics as demand for televisions, game consoles, graphic cards, and smartphones 

increased. All of these have been in short supply lately and the prices increased from 30 

% to over 100 % in some cases. (Notis 2021, Knight 2021, Walton 2021) 

Despite the shortage, Sony revealed that it sold more Playstation 5 consoles than PS4 sold 

in a similar phase of its product life cycle. Currently, PlayStation 5 has sold much more 

and done so faster than any of the previous consoles in the history of the company. A 

similar trend is also visible with other devices, video games, and portable electronics. 

This increase is remarkable considering that it broke records even from the beginning of 

the pandemic in early 2020 which saw the first lockdowns and the following demand 

spike. (Good 2021; D’Angelo 2021) 

As prices increase and availability became a concern, many side effects surfaced. Some  

customers saw potential in scalping graphics cards and gaming consoles, even selling bots 

to help others scalp more efficiently. Some delayed demand in hope that a price drop in 

cryptocurrencies would release enough GPUs to flood the market. (Kan 2020) 
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4.7 Shipping and the container crisis 

In addition to the manufacturing issues, a large factor in the background of the crisis is 

the logistic complications. As the demand and supply fluctuations strain supply chains, 

some parts of the global chain experience sudden gluts whereas in others undersupply 

occurs. A notable example would be the shipping of products, materials, and components, 

for which large cargo ships are used. These ships require a large number of containers, 

even as many as 24,000 for some of the largest ones. (MarineInsight 2022) 

This reliance on containers creates a risk of availability as they need to be carefully rotated 

throughout the world efficiently. Handling containers in ports that are encumbered under 

too many containers takes exponentially more time as the load increases. Largely this is 

because cranes have to move containers out of the way more. If any inefficiencies take 

place, they will soon cumulate. Thus queues form and grow making the situation even 

more problematic. The risk of availability largely materialized at the beginning of the 

pandemic in 2020 and, by the time of this writing, is finally easing. (Isidore 2022; 

Nooteboom 2016; MarineInsight 2022) 

One of the best warning signs of an impending supply chain crisis is the waiting lines at 

the largest Chinese ports such as Shanghai as it is the largest port in the world by handling 

volume. Moreover, it has a greater volume than the three largest ports in the EU and USA 

combined. The throughput for containers was nearly 40 million TEU per year in 2016 and 

has only increased since. Whenever global supply chain issues emerge, they are usually 

exposed here due to globally significant connections to most resource, energy, and 

consumer hubs around the world. The volume helps (Notteboom 2016; MarineIns ight 

2022; Tu et al 2017)  

Usually, the waiting hours for vessels at the port of Shanghai average around 15 to 30 

hours as the ships are preparing to be loaded, unloaded, or for containers to arrive at the 

port. At the height of the container crisis in 2021, the wait time average was over 70 hours 

in August, September, and October. A similar spike occurred again in May 2022. 

(Chambers 2022) All three of these periods lasted roughly one to two months beginning 

and coming to a close abruptly as capacity increased. The spike in May has been captured 

live from public sites tracking cargo ship transponders online for this thesis and 

screenshots are provided in figures 16 and 17 below. The same data was cross-confirmed 
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from both sites compared to the most commonly used freight indexes such as FBX 

(Freightos Baltic Index), Shanghai Containerised Freight Index SCFI, and China 

Containerised Freight Index CCFI. 

 

Figure 16. Ships waiting in front of the port of Shanghai on Tuesday 10.5.2022 

(Screenshotted from vesselfinder.com) 

SCFI and CCFI are indexing only the container freight rates in Shanghai and the Chinese 

major ports since the late ’90s and early ’00s respectively. FBX however sources data 

from all entities involved in ocean transport across the world and is updated daily by a 

joined collaboration of Freightos and the Baltic Exchange. It covers roughly 60 % of the 

global container fleet and can be considered fairly representative of the overall market. 

(Bhonsle 2022) 
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Figure 17. The same situation weeks prior on Monday 18.4.2022. Cargo ships are 

represented in green and tankers in red. (Screenshotted from marinetraffic.com) 

In 2020 the FBX was under 2 000 USD. At its highest peak in 2021 and 2022, it saw 

valuations of over 11 000 USD. (Freightos 2022) During the autumn of 2022 freight rates 

finally began to drop nearly reaching the pre-pandemic levels by November. According 

to a senior manager of container research at consulting services firm Drewry the downturn 

is largely due to the quickly deteriorating demand for container goods all over the world. 

Consumer confidence is dropping as high inflation and a weak economic outlook reduce 

consumption. This leads to reduced volumes, which release the capacity to tackle 

previous bottlenecks. (Fish 2022) Even the port of Shanghai has mostly solved its 

congestion issues during the latter half of 2022. (Chambers 2022) 
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5 INTERVIEWS 

A considerable amount of knowledge in the semiconductor industry is tacit knowledge, 

which requires an understanding of the realities of the industry. Since I do not personally 

work in the industry, it made sense to approach people in the sector through interviews. 

These interviews were conducted in a free-form format so that the experts were able to 

freely emphasize the issues they saw as most relevant to the semiconductor shortage. 

Another advantage of conducting the interviews in this way was that it also left ample 

room for follow-up questions and for filling in the practical information gaps left by the 

literature review and market analysis. Getting in touch with the right people to obtain 

interviews was by far the most difficult element of this section, but hopefully, the results 

made the effort worthwhile. 

5.1 The interview process 

The interview process was designed and conducted by applying the steps and princip les 

of Ryan, Coughlan & Crono (2009) and Kvale (1994) described below: 

1. Defining the research question and the goals of the interview. 

2. Developing interview questions that are relevant to the research question and that 

are designed to elicit detailed and accurate responses from the participants. 

3. Selecting participants who are representative of the industry and who have 

relevant knowledge and experience related to semiconductor manufacturing. 

4. Contacting and scheduling the interviews. 

5. Conducting the interviews in a controlled environment, such as a quiet room or 

office, and ensuring that the participants are comfortable and relaxed. 

6. Using a recording device to capture the interviews, and taking detailed notes to 

supplement the recorded data. 

7. Transcribe the recorded interviews, if necessary, and analyze the data to identify 

patterns and trends. 

8. Reporting the findings, including a description of the process, the questions asked, 

the participants interviewed, and the results of the analysis. 
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5.1.1 Establishing interview questions 

Most of the questions were formulated in a methodical manner based on the prior research 

for the theory chapter of this thesis, whereas others were raised spontaneously during the 

discussions. Therefore, over time the topics and focus of the interviews also slightly 

changed as events unfolded in the surrounding world. This was not ultimately deemed as 

detrimental to the research quality, as it assisted in keeping the study somewhat up to 

date. Additionally, once up to speed, most interviewees were eager to continue the 

discussions beyond the originally established scope. 

A fully translated list of all interview questions used for this study can be found in the 

appendices. The questions were roughly divided into the categories of personal 

background, descriptions of the current situation, questions regarding the semiconduc tor 

industry, questions related to the shortage or reactions to it, and the ones having to do 

with speculation or expectations for the future. Due to the varying backgrounds of the 

interviewees, some sections were left out from a few of the interviews except for 

background and future speculation. The questions were presented uniformly; however, 

the discussion surrounding and following them was free-form and oftentimes 

meandering. 

5.1.2 Finding and selecting the interviewees 

Initially, a set of descriptions for an ideal interviewee's background, role, and position 

were created to assist in delimiting the pool of people. These profiles were then utilized 

when listing companies from diverse business models (IDM, Foundry, Fabless, and so 

forth). Company websites, LinkedIn, and a few open job notifications were used to gather 

contact information from people in relevant positions. In total, roughly 300 people were 

contacted, furthermore, 104 responses were received within the time limits of the study. 

Out of these responses, some 30 people had further correspondence, and 12 took the final 

step of participating in an official interview. Due to the varying constitution and 

practicality of the discussions, only 10 were included in the final study. 

Participants were also asked to refer colleagues or friends with suitable and varying 

viewpoints on the industry who would be willing to contribute. This approach resulted in 

three interviewees that were found through the networks of other interviewed individua ls 

and proved to be the most time-efficient approach in finding new interviewees. Thus, 
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having an established network within the industry would have likely resulted in more 

numerous interviews, consequently increasing the quality of this section of the study. 

Nevertheless, the amount of material was still rather comprehensive. The complete 

process is described in figure 18 below. 

 

Figure 18. The phases of the interview process with a description of the practical tasks 
involved. 

 

Most of the participants were found through rigorous contacting through channels of 

social media, email, or other related means. A highly useful tool in the search for suitable 

candidates was LinkedIn, as it provides efficient methods for filtering people based on 

industry, role, seniority, and other metrics. The next step of arranging the interview was 

done based on the preferences of the interviewee. Some wanted to answer verbally, 

whereas others got the questions via email.  

The resulting answers were first gathered in Excel, from which they were imported to 

MAXQDA. It was used to maintain the interview data in an easily searchable format as 

continuously more and more transliterated interview transcriptions were introduced into 

the data. The final evaluation was done after all of the participants had given their 

answers. After the conclusions were drawn, and the assignment deemed complete enough, 

interviewees were shown the results and given one last chance to evaluate them or give 

feedback. This was done in order to avoid distorting or misunderstanding their sayings.  

All of the people interviewed for this thesis were given a corresponding letter from A to 

J by which they will be referred from now on in this paper. The interviewees are listed in 

table 1 below, together with the role and industry that the person was working in at the 

time of writing or had worked in before retiring from the field.  
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Table 1. The interviewed people, their roles, and related experience/industry. 

Interviewee Role/experience Industry 

Interviewee A Senior Strategist Banking and financial services 

Interviewee B Financial Analyst Banking and financial services 

Interviewee C Supply Chain Analyst Logistics, supply chain, and distribution 
networks consulting 

Interviewee D Production Manager Semiconductor manufacturing industry (IDM) 

Interviewee E Senior Program Manager / 

Technical Manager 

Semiconductor manufacturing industry 
(fabless) 

Interviewee F Market Analyst (memory 

technology & risk) 

Semiconductor manufacturing industry (IDM) 

Interviewee G Researcher (Global supply 

chain management) 

Consulting & Academic research 

Interviewee H Production planner Semiconductor manufacturing industry (IDM) 

Interviewee I Purchasing manager Electronics manufacturing (Wireless 
communication) 

Interviewee J Chief Technology Officer IC design (Design House) 

 

The original target was to seek people from all three main business models of the 

semiconductor industry: foundries, fabless factories, and IDMs. As table 1 showcases, in 

the end, there was a certain level of overrepresentation of Integrated Device 

Manufacturers, albeit from multiple diverse roles and experiences. This is likely a result 

of the prevalence of IDMs in the industry. Further details regarding the division and 

attributes of interviewees are given below in figures 19 and 20: 
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Figure 19. The titles and experience levels per person interviewed. 

People working under the analyst title generally had only a couple of years of experience, 

whereas seniors had from 3 to 5 years, and managers or senior management oftentimes 

decades. Under the category, others are listed as people with irregular working histories 

and specialist titles, which do not conform to the regular corporate hierarchy structure. 

 

Figure 20. Interviewees based on industry area. 
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5.2 Interview results 

Interviews were conducted between the spring and summer of 2022. In this chapter, the 

key findings from them will be presented and analyzed. The chapter is further broken 

down into subsections based on the topics each question was segmented under. There was 

a wide array of topics discussed, some of which only appeared in one or two interviews, 

so in order to simplify I chose to divide the results under research questions they broadly 

provide answers for. These will in turn be used together with the literature and market 

analysis in the conclusion section of the study. 

5.2.1 Issues behind the shortage 

Initially, focusing on the first two research questions: What is the current situation like 

regarding the semiconductor shortage, and what kind of barriers prevent solving the 

shortage? Viewpoints on this varied expectedly based on the industry experience of an 

individual, but a general theme can be established. Most interviewees had followed 

economic news and other media quite actively and knew the overall status of the 

economy, and the most recent proceedings in the semiconductor and IC chip fields at the 

time. The intertwined nature of the was also well understood, as demonstrated by the 

quote from interviewee C: 

(2) “I know that many car companies had it bad based on the news, but I don’t 

know anything else about that. Shipping is what I’m mostly working with and in 

that field, things are much bigger than only one or two industries being affected. 

They all are to some extent.” (Interviewee C) 

Commonly mentioned reasons behind the shortage were also the highly complex and 

technologically advanced process, a limited number of companies able to produce 

semiconductors, and the large range of different products or industries relying on them. 

In addition, an interesting notion mentioned by interviewee J was that the demand has 

been always increasing since the very beginning of the industry, which creates an ever-

changing operating environment for all industries to some extent, but most notably for 

the semiconductor producers. As long as technology evolves mainly through 

improvements in transistor sizes and chip design, there will never be an opportunity for 

the supply chain to stabilize. 
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Finally, it was discussed that the global nature of the semiconductor industry means that 

supply chain disruptions can be caused by a wide range of factors, including natural 

disasters, political instability, and trade disputes in any country involved in the process to 

any significant extent. This became reality as the interviewee C stated quite timely: 

(3) “There are tradeoffs between efficiency and robustness. Efficient systems are 

sometimes fragile. Robust systems have some redundancies. For goods and skills 

of strategic importance having regional or onshore capacity is very much needed. 

It’s like insurance in case of war.” (Interviewee C 3 weeks before the Russian 

invasion of Ukraine) 

Therefore, it is likely that in the pursuit of extreme efficiency that the semiconduc tor 

industry relies on to make a profit, it also becomes susceptible to increased risks when 

compared to many other industries. Interviewee D added to the previously mentioned 

issues: 

(4) “…The sector has been oftentimes under-invested. […] Most of the focus for 

TSMC has been on developing 7-nm and 5-nm technologies for the emerging 5G 

market. Some companies even postponed acquiring new capacity in 2019. No one 

was ready for increasing demand in 2020. (Interviewee D) 

Similar statements appeared in the literature sources as well: 

(5) ”Taking a closer look at the semiconductor capital investment trends during the 

past few years, it becomes clear that under-investment is the root cause of demand-

supply imbalance, particularly in the logic (non-memory) semiconductor industry.” 

(Gai 2021) 

So at least to some extent, the current situation is explained by the industry's inherent risk 

aversion and inaccurate demand forecasts in the early 2020s. 

Besides the above-mentioned, some also considered the work environment itself as partly 

responsible for creating a constant talent shortage in the industry, thus leading to issues 

in retention and brain drain to software development, traditional engineering, or other 

careers in manufacturing. This lack of staff and experience then make it even more 

difficult to suddenly call in people to do extra shifts or set up new production lines, or 
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even facilities especially in the USA and Europe. Some who had experience working in 

foundry described it as challenging and oftentimes mentally difficult work: 

(6) “It can be incredibly stressful and anxiety-inducing work. The industry is known 

for its high-tech, fast-paced nature, and workers often feel pressure to constantly 

improve and stay at the forefront of technological developments. When there are 

concerns about the stability of the industry or the potential for job losses, it can feel 

like you are constantly on edge, unsure of what the future holds and whether you 

will be able to continue doing the work that you love. It can be a scary and uncertain 

time, and it can take a toll on your mental and emotional well-being.” (Interviewee 

H) 

The interviewees had a lot of commonalities in terms of viewpoints. For example, all 

interviewed specialists emphasized recent incidents circulating in the current news cycle 

over perhaps more significant earlier events. For example, the fires, droughts, and 

earthquakes were brought up many times during the few weeks after them, even though 

most interviewees hardly remembered them later during the second round of discussions.  

Additionally, there was also a discrepancy in the ways by which interviewees saw the 

effects and factors affecting the supply chain issues. For the most part, people working 

on tasks generally related to the production or transportation of IC chips were much more 

likely to discuss local and practical factors than people working in IC design, research, or 

on the more general upper levels of the industry. They instead focused on the larger 

globally remarkable developments, such as price increases in the GPU market due to 

sudden increases in demand, tariffs set between the USA and China, or changes in 

taxation.  

Including both of these practical and theoretical viewpoints offered a deeper 

understanding than leaving out one or the other. In fact, in some cases, the significant 

effects on the global level had little to no direct visible counterparts on the actual 

manufacturing process or environment. According to interviewees D and H, the Covid 

pandemic, for instance, had not been much of an issue in the beginning due to high levels 

of automation. It wasn’t until it had produced other impacts, that started to create 

problems for the manufacturing and transportation of semiconductor products. 
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5.2.2 Mitigation methods 

The last one of the three research questions was about what concrete actions could be 

taken to mitigate the effects of the shortage. When it comes to mitigating the effects of 

similar events from escalating, interviewees had many ideas. One of the most common 

ones was to identify potential risks and vulnerabilities in the supply chain and develop 

contingency plans to address them. This could include developing alternative sources of 

supply, establishing backup suppliers, and implementing measures to improve the 

resilience of the chain. Another method viewed as useful by most interviewees would be 

to collaborate with other organizations and industry groups to share information, 

expertise, and resources to address supply chain issues. This could include forming 

partnerships, joining industry associations, and participating in industry-wide initiat ives 

to improve the resilience and sustainability of the supply chain.  

These methods together were assessed as greatly beneficial to the semiconductor industry 

as a whole, yet there exists a large number of industry-specific issues. The largest of them, 

according to example 7: 

(7) “The semiconductor industry is highly competitive, and companies often have 

proprietary technologies and processes that they want to keep secret to maintain 

their competitive advantage. Additionally, many semiconductor companies work on 

sensitive projects for governments and other organizations, which can require a 

high level of security and secrecy. As a result, companies in the semiconductor 

industry often have strict confidentiality policies in place to protect their 

intellectual property and sensitive information. 

This makes it extremely difficult to find ways to collaborate openly, especially when 

it comes to information sharing. This issue, openness without compromising 

security or even secrecy, is the area with the most room for improvement in my 

opinion.” (Interviewee F). 

However, there is as interviewee G summarized in example (8) below: 

(8) “A real-time information flow would be an easy answer, difficult to solve in 

practice. More and more possibilities with modern technology, but also depends on 

how much companies are willing to share information. It would be good to have 
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backup suppliers thought out in advance, not just relying on individual supply 

chains.” (Interviewee G). 

Another way to reduce the severity of future semiconductor availability problems could 

come about through the strategic specialization of certain companies. This would 

naturally entail its own issues caused by the RETO principle (Robustness Efficiency 

Tradeoff). In addition, there are differences between the types of companies in the ability 

to utilize such means: 

(9) “A company could build a strategy on building high security of supply, and pay 

a little more for having production closer and at shorter distances. Service 

companies are less exposed on average, but many service companies are also 

dependent on raw material supplies because the supply is often linked in some way 

to the physical product.” (Interviewee G) 

The simplest and most reductionist view on the matter came from interviewee J, who 

described the solution models by dividing them into four categories: Alternatives, 

Automation, Information, and Collaboration. Alternatives had to do with developing 

contingency plans and building inherent redundancy within the system. Automation 

includes everything from mathematical models to machine-driven decision processes. By 

information, he referred to the general improvement of communication, both interna lly 

and externally. And finally, the collaboration included all the shared organizations and 

projects in the production chain for enhancing operational reliability. 

Subsidies and other direct governmental efforts to increase semiconductor capacity were 

not seen as effective or reliable by most of the interviewees. A common perception was 

that the legislative approach would yield better results than monetary aid, especially long 

term.  

To summarize the findings, one illustrative quote was made by an interviewee working 

as a Technical Manager, who had a fairly fatalistic view of the fickleness of the industry: 

(10) "You can't prevent a shortage, but you can lessen its impact."  (Interviewee E) 

Therefore, the methods discussed are largely that of mitigation, not prevention. 
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6 DISCUSSION 

This section discusses the main elements of the literature review with the aim of linking 

them to the market analysis and the results of the interviews. The interviews mainly 

supported well the views of the market review and the literature, but also provided some 

new perspectives on the situation that can be reviewed in more detail. In addition, some 

differences in emphasis between root causes may exist. 

The findings are presented in the order in which the writing of the thesis mainly 

proceeded. In order to understand the situation, a recap of the different areas as they 

appeared at the end of 2022 is provided. The underlying factors will be summarised as 

closely as possible within the context of this report. Thereafter, some preliminary 

predictions are made on developments on the basis of interviews with experts, personal 

observations, and the literature. Finally, the discussion section will conclude with a 

synthesis of the mitigation methods and an assessment of the validity and reliability of 

the study. 

6.1 Understanding the current situation 

We will begin by reviewing the historical background. This is by no means a simple task, 

as there are many factors and the relationships between them are not straightforward.  

Some factors are contributory to each other or implicit in each other's behavior. Others 

are, at least apparently, completely independent entities. It is very difficult to work out 

how large a part each individual piece plays in the puzzle. 

There have been several events in recent years that have strained global supply chains. 

Some of the most significant include the Covid-19 pandemic, which has disrupted supply 

chains across the world and led to shortages of a wide range of goods and materials, trade 

tensions and protectionist policies, natural disasters, such as hurricanes and earthquakes, 

which have damaged infrastructure and disrupted the transportation of goods, changes in 

consumer demand, and developments in technology. 

To summarize the elements that have led to the semiconductor shortage I have gathered 

the following table. This list does not contain all of the most peripheral concerns, but it 

does include all of the subjects discussed during the interviews, and arising from the 
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literature. In tables 2 and 3 below the factors affecting semiconductor shortage are titled, 

described, and briefly listed in roughly the order they began entering the news cycle. 

 

Table 2. A summary of the first events that triggered the sequence of events leading to 

the semiconductor shortage in 2020 and 2021. 

Trade war
•Tariffs set up, Huawei and various other Chinese companies banned 
from Western markets.
•Huawei stockpiling chips in anticipation of supply cut off. China striving 
for its own semiconductor manufacturing.

Environmental catastrophies
•Taiwanese drought, power outages, fire in a Japanese semiconductor 
plant, a winter storm in Texas.
•Local events with global consequences. Temporary production halts, 
which could entail similar upcoming incidents in future due to climate 
change.

The Covid-19 pandemic
•Economies shut down anticipating the pandemic to be over in a few 
months.
•Lack of raw materials, a slowdown in semiconductor manufacturing, 
and canceled orders.

Cumulating errors
•Automakers cut their orders for critical components such as 
microchips much more than they should have.
•Risks increased as Just-in-time inventory management requires 
minimal warehouses. A negative bullwhip right before a positive one.

Remote work
•Available production slots filled with orders from consumer 
technology brands
•Some industries, like car manufacturing left without semiconductors, 
cutting production and leading to unfilled demand.
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Table 3. The rest of the events and their consequences behind the semiconductor 

shortage during 2021 and 2022. 

 

Home entertainment demand hike
•New consoles and GPUs launching mid-shortage. PS5 and next-
generation graphics cards increased in price.

•Further demand backlog for semiconductors.

Social distancing maintained
•Increased network and cloud infrastructure strain as events move 
online.

•The need for cloud data center capacity and networking equipment 
greatly expanded.

Suez Canal obstruction
•Cargo ship Ever Given was stuck in the canal for nearly a week 
exposing the fragility of global shipping.

•Over 10 % of the world’s maritime traffic was blocked for nearly a 
week. The strength of global supply chains put under question.

Container shortage
•Shipping from Asia to Europe and USA reopened before it did in the 
opposite direction.

•Container shortage and shipping congestion in multiple ports. 
Discharging times increased two-, threefold, or even quadrupled.

Cryptomania
•New ATH for Ethereum, Bitcoin, and multiple cryptocurrencies. A 
virtual gold rush between 2020 and 2021.

•Even more demand for GPUs and other PC equipment. Scalping and 
price competition for the remaining stock.

Russian invasion of Ukraine
•70 % of the world’s Neon production resides in Ukraine. Neon is a 
critical resource for photolithography. Many facilities lie in the 
industrial eastern sectors under occupation or active combat.

•Search for alternative production sites could take years.
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Trade tensions and protectionist policies, such as the tariffs imposed by the United States 

on imports from China, have disrupted global supply chains and disrupted the flow of 

goods and materials. These policies have led to increased costs for businesses and 

consumers, and have made it more difficult for companies to source the goods and 

materials they need. 

Natural disasters, such as hurricanes and earthquakes, have damaged infrastructure and 

disrupted the transportation of goods. These events have made it more difficult for 

companies to transport goods to their customers, and have led to shortages of goods in 

affected areas. Some examples of these would be earthquakes, droughts, and winter 

storms in Texas. Semiconductor foundries require stable ground, as well as a constant 

supply of water, and electricity to operate. Even short-term interruptions will lead to 

significant production losses driving down the utilization rates. 

One of the many reasons for the shortage is the increasing demand for electronic devices, 

such as smartphones, laptops, and gaming consoles. This has put a lot of pressure on the 

semiconductor industry, which is struggling to keep up with the demand. Additiona lly, 

the pandemic has disrupted the supply chain for many of the raw materials and 

components that are used to manufacture semiconductors, leading to further shortages. 

The situation has been exacerbated by the fact that many semiconductor manufacturers 

are located in Asia, and the region has been particularly hard hit by the pandemic. The 

combination of these factors has led to a number of problems for the tech industry and 

consumers alike. 

Changes in consumer demand, such as the shift towards online shopping, have led to 

changes in the way goods are produced and distributed to customers. One example would 

be the growing use of home deliveries. The rise of e-commerce has increased the demand 

for certain goods, such as electronics and clothing, and has led to changes in the way these 

goods are produced and distributed. 

Development in technology, such as the increasing use of automation and robotics, has 

led to changes in the way goods are manufactured and distributed. The use of automation 

has increased the efficiency and productivity of manufacturing processes but has also led 

to changes in the demand for labor and the skills required to work in the manufactur ing 

sector. Semiconductors of all maturity levels are a large driver behind this transformation 

and are therefore needed in greater quantities than before. 
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The Covid-19 pandemic has had a profound impact on global supply chains. The 

widespread disruption caused by the pandemic has led to shortages of a wide range of 

goods, including personal protective equipment (PPE) and medical supplies, as well as 

food and other essential goods. The pandemic has also caused disruptions to 

transportation networks, leading to delays and disruptions to the flow of goods. 

6.2 Predictions 

Predictions made by Counterpoint research in 2021, as the semiconductor shortage had 

been going on for a year, indicated that the latest semiconductor shortage would differ 

from previous ones by its tremendously larger scale: 

(11) “Compared to the last Capex cycle of the logic semiconductor industry (during 

2010-2012, after the financial crisis), the current cycle will be longer, stronger, and 

more concentrated in terms of select leaders’ focus on leading-edge technology 

expansions.” (Gai 2021) 

A year later this has been proved right, yet the shortage slowly begins showing signs of 

easing off. We are now in a situation where some cautious predictions about the future 

can be made. Interviewees were asked to give their own educated guesses as to when the 

shortage will start to ease and what it will eventually shape up to. Almost all predicted 

that the end of the semiconductor shortage would begin in 2023, with the boldest 

predicting it would begin as early as 2022.  

(12) “When production eventually increases, it will likely focus on newer 

technologies with high margins for profit. This will probably mean that already 

mature technologies are left behind in terms of capacity. […] Increasing capacity 

takes around 3 to 5 years and the break-even point is far into the future, which is 

still quite volatile.” (Interviewee D) 

The most likely prospect was that the availability of the semiconductor nodes with the 

latest bleeding-edge technology would improve, which it did. Meanwhile, car 

manufacturers who have to use older chips are continuing to struggle with availability 

problems. Hence, this prediction is also quite on target.  A return to pre-pandemic 
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shipping costs was also among the expectations, as anticipated by interviewees working 

in the area of logistics. This transpired in November 2022. 

Many of the estimations and predictions that were given during the spring and early 

summer of 2022 by interviewees F, G, H, and J seem to have stood the test of time well 

to date: 

(13) “ICs for some applications start decreasing in price during 2022. This trend 

will continue gradually until 2023. The first products to decrease in price are most 

likely GPUs due to decreased mining profitability and increasing electricity costs. 

Ethereum Proof of Stake transformation could have an effect as well. The second 

category could be home office electronics as some employees reduce remote work 

and return to the office.” (Interviewee G) 

A secondhand market for old mining rigs and office equipment will certainly help address 

accumulated demand. Clearing the semiconductor backlog has already begun, and will 

likely continue in 2023 even though most new fabs are not operational years from now. 

After that, we will probably see overcorrections and rapidly tightening competition 

between the new players in the market as the bullwhip effect changes direction. An 

oversupply is a common symptom. 

According to interviewees J and E, despite the efforts of the European Union and the US 

government, it is unlikely that in the long term the semiconductor industry will be largely 

decentralized as there are so many symbiotic benefits for suppliers, manufacturers, 

designers, and packagers to exist in close proximity.  

(14) “I read that the US should keep as much production capacity at home as 

Taiwan, just in case. […] TSMC is two times bigger than Intel in terms of scale. 

I’ve never heard of a physical manufacturing company tripling its capacity at that 

size. [..] Everyone is running on a financial tightrope here. You cannot subsidize 

all of it.” (Interviewee E) 

A similar effect has been seen before when the first foundries moved from Europe and 

USA to Japan during the 60s and 70s. A large Japanese semiconductor cluster formed 

around Nikon and Canon, which was responsible for most of the semiconduc tors 

produced at that time. Since then the cluster moved to Taiwan as Japan was not able to 
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keep up with the increasing pace of technological development. Most of the previous 

semiconductor superclusters have since largely withered and become irrelevant on a 

global scale, even though they are still mostly operational. Interviewee A saw that history 

might eventually repeat itself in this regard due to intensifying competition, yet most did 

not agree. 

A number of predictions were presented in the media as well, for instance by the Wall 

Street Journal. As the shortages increased in severity, new investments in technology 

companies trying to solve issues in the field poured in. From pre-pandemic levels, there 

was an increase of tens of billions in USD for new venture-capital companies just within 

the USA. According to the magazine, it is likely that the years of scarcity will also bring 

a further boost to technological development in the sector. How these predictions will 

materialize remains to be seen. (Smith 2021) 

An example of this kind of development was seen in the shipping industry as freight 

operators began developing remotely operated forklifts within their distribution centers. 

This was seen as highly beneficial in solving warehouse junctions and capacity issues in 

American and European ports during the container shortage. Forklifts are an ideal 

candidate, as they only work in a confined storage space with standard containers or 

forklift platforms. The environment remains relatively unchanged and people can be kept 

out of the same premises if necessary. (Smith 2022) Similar improvements are being 

made in all segments of the supply chain from warehouses to the last-minute-delivery as 

well. (Smith 2022) 

What is ultimately almost certain is that the demand for semiconductors will keep 

increasing in the future. The main reason for this is their falling price relative to their 

performance. At the same time, size and energy consumption will also decrease, leading 

to a wider range of applications. Some of the applications working as key drivers of 

demand are likely to be robotics, IoT devices, and home electronics among other new 

emerging technologies. 

6.2.1 Socio-economic effects 

Since the beginning of the pandemic, about 7 million US citizens have died, which is 

roughly one million more than expected in that time frame. The same has also been 

happening across the globe, especially in developed countries, where the population is 



64 

 

aging at a higher rate than in the rest of the world. (Kamp et al. 2022) It is difficult to say 

exactly what effects losing a million people will have in the US, however, losing a large 

number of people will likely have significant social, economic, and political effects. 

On a social level, losing a large number of people will have a profound impact on the 

communities and families of the individuals who were lost. It could also result in a 

shortage of labor and skills in certain industries, semiconductors and the overall electric 

hardware industry included, leading to challenges for businesses and potentially 

impacting the overall economy. In a sense, this deficit has already begun to manifest itself, 

as interviewees I and J reported that the hardware employs a significantly older workforce 

and lacks newcomers compared to for instance some sectors of the software industry. 

Economically, the loss can lead to a decrease in the overall population and workforce, 

which could result in lower economic output and slower economic growth. It could also 

result in a decrease in consumer spending and demand for goods and services, which 

could further impact the economy. So far the drop hasn’t been realized, as record demand 

keeps increasing inflation rates globally. On a political level, losing a large number of 

people could potentially lead to changes in the composition of the population and the 

voting blocs that political parties and candidates appeal to. It could also lead to changes 

in the distribution of political power and influence, as well as shifts in the priorities and 

policies of the government. Demand for some industries and customer segments has 

decreased permanently, and will likely continue doing so. A large shift in the workforce 

will probably continue for quite some time too, as age groups keep decreasing in mult ip le 

countries. 

6.2.2 The distant future  

In the long run, it will be interesting to see how well the trend of decreasing prices of IC 

chips will continue. It is ultimately a matter of how long Moore’s Law will hold true. The 

continued validity of Moore's law is a subject of debate among experts. Some believe that 

the law will continue to hold true for the foreseeable future, while others argue that it may 

soon reach its limits. I wanted to take the opportunity I had to ask experts on the field 

what they thought would be the answer. The majority (70 %) were firm believers that it 

would gradually cease to remain true over the coming decades. 
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(15) “It has never been a Law of course. It’s a type of pace-setter - just as those 

electric rabbits in the dog race. Still, I think that it will certainly get harder.” 

(Interviewee F) 

Traditionally answers to this question have been given from a largely philosophica l 

perspective, although in this case, it was interesting to see how many had practical 

technical examples on the subject. In the past, reducing the size of the transistors in a chip 

and squeezing them closer together was the most important way to improve performance. 

However, this stopped at around 32 nanometres and has not really held true anymore. Yet 

still, for the time being, there are enough replacement technologies and there is plenty of 

money and smart people in the industry to solve the problems as they emerge. 

(16) “The semiconductor industry is moving forward not because some dude 45 

years ago said so, but because people want better graphics and faster video games. 

Because programmers write crappy software and assume that the chips will get 

faster and be able to run them. It will happen because everyone is working in the 

cloud. 

So long as the market is going to reward you for being better, the semiconductor 

industry will push forward.” (Interviewee E) 

Finally, another fascinating subject is how the business models within the semiconduc tor 

sector will settle as this will likely have an effect on the degree of distribution within 

semiconductor manufacturing units. According to an analysis by IEEE Electronic Library 

that used the Lotka–Volterra model to take into account the cyclicity of the semiconduc tor 

industry, the IDM model will retain a share of 55 % and fabless-foundry 45 % of the 

market. (Hung, Chiu & Wu 2017)  

The contest between the IDM model and the discrete fabless-foundry model is still fierce 

and it remains to be seen where the balance will lie. It is worth mentioning that the main 

distinction is, for example, between the IDM model represented by Intel in the West and 

the fabless foundry models of Taiwan's TSMC. At the moment the distribution seems to 

be even, but this situation will certainly change in the future and will be of particular 

interest to investors.  
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6.3 Exploring solutions and mitigation methods 

This study has already identified several challenges, both small and large, behind the 

semiconductor shortage, which were discussed in the previous chapters. These problems 

in turn have a large number of solutions of varying shapes and sizes. What makes the 

situation particularly challenging is that some of these solutions are implementable by 

various stakeholders. Examples of stakeholders with a common interest in solving the 

shortage are companies operating within the supply chain themselves, but also the 

customers who expect to receive their products. Furthermore, there are governmenta l 

bodies outside the supply network with their own interests and influence. 

To provide a comprehensive backbone for the solutions, I thought of using the four-part 

framework mentioned earlier at the end of the interview section. The partly self-

developed AICA framework consists of these four categories: Alternatives, Information, 

Collaboration, and Automation.  

- Alternatives will include any deliberate decisions to increase the range of choices 

in order to improve the flexibility of the chain. The key is that the outcome is a 

consciously chosen change in the operating environment. 

- Information implies widening and improving the flow of information. It can be 

not only about speeding up and refining the flow of information but also about 

informing completely new parties. 

- Collaboration involves the development and improvement of cooperation between 

parties. It can be about improving efficiency within the production chain, but also 

about working together with a customer or a government, for instance. 

- Automation includes all technical improvements that speed up and autonomously 

do things in production or communication chains. 

All of the following solutions can be also thought of as combinations of activities arising 

from the four basic categories. For clarity, I’ve limited the number to two main ones. 

Increasing the production capacity (Alternatives) of semiconductors is the most 

obvious, but also one of the most challenging tasks to undertake. The issues have been 

comprehensively discussed in previous chapters, but to recap: It requires massive 

amounts of capital, time, and good fortune, however, new investments are mostly only 

feasible for cutting-edge semiconductors. For this reason, rapid capacity increases are not 
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an effective way to respond to sudden demand shocks, especially for legacy nodes. In 

addition, new investments take many years to have any effect on shortages. The vast 

capital requirements ensure that only the largest manufacturers have enough resources to 

increase production capacity to a meaningful extent. Even still, it will require substantia l 

monetary and legislative assistance from governments. The most effective short-term 

reaction comes mainly from the increase in the capacity of existing facilities as 

constructing new ones takes years. 

Digitalization (Automation) brings new ways to widen the flow of information both up 

and down the supply chain. This option has been suggested in most literature sources, and 

by almost all interviewees. The semiconductor industry is one of the most automated 

industries in the world, yet there remain areas of application in which additiona l 

contributions would be beneficial. Highly desirable by interviewee D, was deemed 

especially the digitalization of end-to-end communication in the supply chain. The idea 

would be that manufacturers and even resource suppliers could have quick access to 

monitor the ever-changing levels of demand on each relevant level of the chain. This 

creates new ways to enhance the whole supply chain for all parties. Governmental control 

to facilitate this development was mostly deemed unnecessary by interviewees. 

Reshoring and nearshoring (Alternatives, Collaboration) are new developments 

discussed in the literature review that create the possibility of shortening supply chains 

by moving the facilities closer to the end customers. These decisions require enormous 

effort and risk-taking from the manufacturers, which can be somewhat alleviated by 

governmental incentives. This is essentially what governments would like to incentivize, 

whenever possible as discussed in chapter 4.6.1. It brings great local benefits, but also 

helps manufacturing companies protect themselves from supply chain incidents. 

Adapting pricing models (Collaboration, Automation) refers for example to the 

increases in the MSRP we have seen in the GPU market for the most high-end GPUs that 

are best suited to crypto mining or gaming. This was discussed in chapter 4.4. and due to 

the large-scale scalping, that we have witnessed during past years I think many companies 

have room for improvement in this area. It could mean dynamically using various sales 

channels, multisourcing supplier networks, and more effectively incentivizing price 

discovery through other innovative means. Alternatively, these pricing models can be also 

combined more often with mathematical models that we covered in chapter 2.8. 



68 

 

Information sharing (Information) is critical for all parties involved and has come up 

many times in this study. Supply and demand shocks can be mitigated, at least partially 

if not completely, by fast reactions and active monitoring. This requires all parties to 

openly share reliable information from their point of view, which is the main barrier to 

solving such issues. As noted, there are monetary incentives to withhold information due 

to the high technological competitiveness of the industry. This has created an environment 

where the most effective method is hardly utilized. 

Adjusting strategic inventory buffers (Collaboration, Information) refers to 

increasing the inventories of manufacturing plants that are highly reliant on 

semiconductors in their production processes. In interviews with D and H, it came up that 

due to their small size chips are often easier to store than other components, but they 

require specific environmental conditions to remain suitable for production use. These 

special conditions make large stocks particularly expensive for semiconductor foundries 

and companies otherwise working with the back-end processes. Large stocks bind capital 

and negatively affect the flexibility, costs, and other economical factors of the 

manufacturing facility during normal operational conditions. 

Increasing the number of suppliers (Collaboration, Alternatives) means sharing the 

burden of supply among multiple parties. According to interviewee D, most companies 

like Apple, IBM, or Microsoft rely on a single semiconductor manufacturer, sometimes 

even a single foundry, for their supply. These confidential relationships are obviously 

very valuable, but sometimes security is invaluable. The high concentration creates 

efficiency benefits, that drive down the price, but also increase the risks involved. 

Supplementary products and designs (Alternatives) are an option for certain 

customers and distributors. In some cases, customers can for example switch to products 

that are less reliant on the availability of certain chip designs or types. A car manufacturer 

can often order 24 nanometer-based chips from South Korea instead of 15 nm chips from 

Taiwan even though the capabilities and/or quality might be worse. If customers are also 

incentivized to seek supplementary products, issues may start to solve themselves before 

a shortage emerges. 
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To conclude, in the following matrix table 4 I have compiled a summary of all the 

solutions discussed in this chapter. The first Action column contains each solution option 

and the other columns list all the relevant stakeholders. Each row is identified by a marker 

indicating to which party I recommend the measure in question. 

 

Table 4. Suggestions to mitigate shortage risks for different parties involved in the 

semiconductor supply chain. 

This is by no means an exhaustive list of solutions, as many have been deliberately left 

out. The main reason is that these solutions have only addressed a very small part of the 

whole and therefore would have a little overall impact. Examples of those excluded 

include very specific logistic decisions in certain plants, ports, or industries. Among other 

omitted groups are policy decisions, such as educational reforms driven by SIA and 

investments in certain geographical areas to support the semiconductor industry, since an 

assessment of these is far beyond the scope of this work. 
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6.4 Assessing validity and reliability 

There are many significant challenges in the evaluation of qualitative research, such as 

this one. Especially, if there are multiple methods involved, the subject of the study has 

to do with events occurring only once, in real-time, as research is being done. There are 

only some hard truths, and a lot of conjecture muddling the water. However, a key benefit 

of using multiple methods is in easily achieving both methodological triangulation, and 

data triangulation with the benefits of both. (Fossey et al. 2002; Denzin 2009) 

The main factors in assessing the quality and credibility of any research are validity and 

reliability according to Patton (2002), and Russell & Gregory (2003). Others have instead 

opted to use a different method and divided the quality of research into three or even four 

categories. These would be, for example, confirmability, credibility, dependability, and 

transferability, as stated by Hipps (1993). (Patton 2002; Russel & Gregory 2003; Hipps 

1993) 

If the research findings and conclusions are connected in a clear and understandab le 

manner to each other, the study is said to possess a high grade of confirmability. (Patton 

2002; Russel & Gregory 2003) The presentation of conclusions was a challenge for this 

study paper, and some feedback was gathered from the interviewees to ensure a veracious 

structure throughout the process. Most of the difficulties stem from the constantly 

changing environment, that was being studied. Furthermore, verifying the results was 

limited, as the unknowns and unknown unknowns are rather extensive. 

Credibility refers to the experience and abilities of the researcher to provide trustworthy 

results. The researcher must be familiar with the topic, utilize data sufficiently, and 

formulate relevant, strongly linked conclusions from the observations. (Russel & Gregory 

2003) In this study, the researcher was relatively familiar with the semiconductor industry 

and had limited previous work experience related to supply chain management. During 

the literature review stage, plenty of additional knowledge and experience was acquired, 

which was then supplemented with the full experience of the interviewees. The people 

chosen to be interviewed were from a wide range of different backgrounds, with decades 

of industry experience, improving the credibility and trustworthiness of gathered data 

even further. 
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When looking at the research process and information that is offered to the reader we 

come into the domain of dependability. The process by which the study is conducted has 

to follow a logical structure, be traceable, and document each step to lay the foundations 

for the trustworthiness of the research. Knowing exactly how the research process has 

been constructed, executed, and evaluated allows others to replicate it in the future to 

confirm results on their own. (Russel & Gregory 2003, Golafshani 2003) In this study, 

there were some variations in the viewpoints of the interviewees and some uncertainty in 

the prominence of each contributing factor regarding the supply crisis. However, for the 

most part, interviews supported one another, and there was a relatively high similar ity 

between the general elements brought up by literary and interviewed sources.  

Validity refers to the accuracy of the measurements in a study. If a study for example 

seeks to explore the effects of light pollution, yet accidentally records the effects of air 

quality instead, it would be deemed to have low validity. Heale and Twycross (2015) 

divide validity into the subcategories of content, construct, and criterion validity. Content 

means the extent to which research accurately measures all aspects of the object under 

study. Construct validity means that the correct object is indeed studied. Lastly, criterion 

validity (Heale & Twycross 2015) 

Reliability in turn measures the accuracy of an instrument or method of research. A highly 

reliable study provides consistent measures, even if they wouldn’t necessarily be valid in 

the way validity was defined above by Heale & Gregory. An expectation of reliability 

conveys that repeating the same measurements, on the same object of the study, has the 

same responses each time. (Heale & Twycross 2015) This consistency requires a certain 

level of internal homogeneity in the research object under assessment. It also needs 

stability, both in the form of a stable environment and in that the previous rounds of 

research do not differentiate themselves from the latter ones. These should be kept in 

mind from the initial planning of the study to execution, analysis, and final evaluation.  

(Patton 2002; Heale & Twycross 2015) 

Russell & Gregory (2003) categorized five questions to estimate if the findings of the 

study are valid: 

1. Is the research question clear and adequately substantiated? 

2. Is the design appropriate for the research question? 

3. Was the sampling method suitable for the study? 
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4. Was the data management executed systematically? 

5. Was the data analysis appropriate? 

Answering the questions of validity is mostly a matter of answering these key questions. 

It can be done by carefully evaluating the quality of the research and the methods used to 

collect and analyze the data, and if they are adequately met, the data is likely to be valid. 

(Russell & Gregory 2003) 

Furthermore, especially when it comes to sources, validity and reliability are important 

factors to consider. A source is said to be valid if it provides accurate and true information 

about a particular subject. A source is considered reliable if it can be trusted to provide 

consistent and accurate information. It is important to use valid and reliable sources when 

conducting research, as this helps to ensure that the results of the study are accurate and 

can be trusted. (Patton 2002) 

In the case of this work, the use of multiple data sources definitely helped to get a 

combination of qualitative and quantitative research methods, simultaneously avoiding 

the flaws and research bias that come with reliance on a single research technique. In 

addition, data was collected in very different ways, from different places and at different 

times. The fact that data collection was distributed across time, space, or different people 

also gave the benefits of data triangulation, which means that the results are more likely 

to be generalizable to other situations. 

The reliability of publicly available semiconductor supply chain data can vary depending 

on the source. In general, data that is collected and published by reputable organizations, 

such as government agencies or industry associations, is likely to be more reliable than 

data that is published by less reputable sources. In this paper, sources of this nature were 

heavily prioritized. However, even data from reputable sources can be subject to various 

limitations and biases. Furthermore, some information was only limited to a small number 

of news organizations due to the freshness of the data, and thus couldn’t be confirmed 

with absolute certainty. 

  



73 

 

6.4.1 Reliability and validity in case studies 

Case studies are a common research method that involves an in-depth analysis of a 

specific individual, group, or situation. Case studies can be useful for studying recent 

events because they allow researchers to collect detailed information about a particular 

situation and explore it in depth. However, the reliability and validity of case studies can 

be difficult to assess, especially when they are based on market research, news, and 

interviews. Market research, news, and interviews are all subject to various biases and 

limitations, which can affect the reliability and validity of the data collected through these 

methods. 

For example, market research studies are often conducted using samples that are not 

representative of the entire population, which can limit the generalizability of the study's 

results in addition to introducing other issues created by unknowingly focusing on a 

subgroup. News reports and interviews, on the other hand, are subject to various forms of 

bias, such as the reporter's personal bias or the biases of the individuals being interviewed.   

As this study was mainly a case study with multiple methodologies and data sources, it 

can only be generalized to other very similar situations, with some reservations. After all, 

the semiconductor shortage will never be repeated in exactly the same way again. Overall, 

while case studies are a useful research method for studying recent events, it is important 

to carefully assess the relevance of the intended purpose the study is being interpreted for.  

. 
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7 CONCLUSIONS 

The thesis has sought to provide a timely and comprehensive snapshot of the background, 

causes, and solutions to the semiconductor shortage as they appeared in 2022. The paper 

has incorporated a broad range of theoretical concepts, from common supply chain 

phenomena to industry-specific professional knowledge, in order to understand the 

specificities of the semiconductor field and to apply these in practice as recommendations 

for those facing similar challenges in the future. A number of commonalities can certainly 

be found with other key supply network nodes and the recommendations should mostly 

be applicable in these areas as well. 

In the following chapter, the study’s final conclusions and key results are presented by 

answering the research questions established in the introduction. Then we discuss the 

scientific and managerial implications of the study and present a number of possible 

avenues for subsequent research. 

7.1 Research questions 

Research question 1: What is the current situation like regarding the semiconductor 

shortage? What kind of issues are behind the shortage? 

The current situation referred to a very different world at the beginning of the writing 

process, in early 2022, compared to when the thesis was nearing its end in November of 

that same year. The initial assumption of slow-moving and rather static market conditions 

was therefore proven wrong. The main factor behind the semiconductor shortage was 

identified as the mutually reinforcing multiplier effect of unexpected events with previous 

longer-term trends. These factors are further broken down in chapter 6.1 of the discussion 

section, but the most significant ones were the sudden and long-lasting global lockdown 

measures around the Covid-19 pandemic together with their repercussions, the tightening 

of foreign trade restrictions mainly between the United States, China, and Europe, and 

the unanticipated changes in consumer behavior in many sectors at the same time. 

To describe the situation for the rest of 2022 in more detail, the container shortage 

discussed in chapter 4.7 was at its worst in Chinese ports during the summer of 2022 and 

gradually eased during the autumn. The majority of common container indices, such as 
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FBX, CCFI, and SCFI, have also returned to pre-pandemic levels. Several interviewees 

predicted that graphics card prices would fall as the pandemic eased, and this is what 

started to happen during the research process. The profitability of cryptocurrency mining, 

discussed in chapter 4.4, has collapsed along with the overall crypto market's valuation 

levels, further fuelling the rapid decrease in GPU prices below MSRP. The energy crisis 

following the war in Ukraine has reduced the feasibility of crypto mining in the West and 

China's tightening mining legislation in the East. While the situation for high-end and 

state-of-the-art semiconductors is steadily easing, the automotive industry continues to 

suffer from a lack of more mature semiconductors. Relief is likely to come more slowly, 

according to interviewees, as for semiconductor foundries, older maturities are products 

with lower margins and are often low on the list of priorities in terms of new capacity 

investments. Customer demand has changed in many respects irrevocably, and many 

subsections of semiconductor-reliant consumer electronic markets are saturated for a 

while. 

Research question 2: What are the largest barriers to resolving these issues? 

The three initially established barriers to quickly increasing semiconductor capacity were: 

- Significant lead times and obstacles to entry for new parties 

- Centralized geographical distribution of chip manufacturers 

- The difficulty in building new factories and adjusting orders 

In addition, there were numerous amount of smaller barriers causing delays in solving the 

shortage. One of the main obstacles to resolving the bottleneck in terms of logistics was 

the poor availability of freight containers on one hand, and on the other hand, significant 

port congestion in the opposite direction. In addition, there are a large number of sector-

specific factors, that will continue to expose semiconductors to similar problems in the 

future. These include high barriers to entry, long lead times, and a strong imbalance of 

power concentrated around a few huge companies in the sector. In addition, the bloody 

nature of technological competition leads to information secrecy and built-in mistrust, 

which makes open communication between companies difficult. 

Pushing through this structural change is undoubtedly the biggest of all the underlying 

obstacles to solving the semiconductor shortage. Ultimately, it too may be overridden by 

the invisible hand of the market as incentives fall in line for all parties. In the long term, 
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however, there will always be some degree of risk involved in the globally centralized 

manufacturing of a key cross-industry commodity. As most fabrication capacity lies in 

the APAC region, and demand in Europe or USA, any localized disturbing event in the 

former, or between the two areas, will cause issues rather rapidly. 

In addition to the cost structure and the specificities of the sector, an interesting idea 

relates to the reputation and status of the semiconductor industry for students and other 

entrants to the workforce. Compared to, for instance, the software industry, its closest 

peer in the IT sector, with which the manufacturing semiconductor industry largely 

competes for talent, semiconductor foundries have been largely overshadowed in terms 

of pay, recognition, and general reputation almost everywhere else except Taiwan and 

South Korea.  

Part of the explanation, I would suggest, is also the ease with which one can enter the 

software world by self-learning from almost any starting point. This is often not the case 

when it comes to hardware. Previously easily fixable electrical devices have become 

harder to pick apart and solder together, thus leading many to forego doing any self-repair 

at all, and leading to a lack of hardware knowledge in the long run. Many times the 

manufacturers are incentivized to design products deliberately this way, as there are no 

laws requiring easily interchangeable parts or any maintenance documentation to be 

available. Moreover, there are no significant costs associated with starting a course in 

software programming, except perhaps for the most demanding cluster computing and 

rendering. Furthermore, the working culture in the manufacturing field is in many places 

extremely hierarchical and stiff compared to the software industry. Due to the high degree 

of concentration in the sector, there are only a few countries where the workforce is well-

informed and motivated to work on semiconductors, and everywhere else there is a severe 

shortage of skilled newcomers. This makes it challenging to set up new facilities outside 

Asia even when other resources would be available. 

Research question 3: What actions could be taken to mitigate the effects of the 

shortage? 

The third question dealt with practical solutions to the semiconductor shortage, which can 

be sought in the short and long term depending on the issue to be solved. It is also 

important to allocate the means according to who they are targeted. Retailers, 

manufacturers, raw material suppliers, and governmental bodies each have very different 
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perspectives and needs concerning the semiconductor shortage. Customers, as the most 

influential actor in the supply chain, also have the potential to shape their consumption 

behavior in a way that allows them to be better prepared for unexpected shortages. For 

example, using futures hedging and longer-term order planning with a larger scope may 

reduce risks for customers in the future. 

In the short term, addressing the main obstacles to semiconductor shortages will involve 

stabilizing and restoring conditions to the extent that this is still possible. In practice, this 

means all possible reactive measures from capacity adjustments, to order-list 

cancellations and temporary production suspensions on the manufacturing side. On the 

logistics side, the key is to get the ports up and running, which means in particular 

ensuring the availability of containers. Substantial investments into both logistics and 

manufacturing capacity are needed. However, in this sector, production facilities are 

deprecating rapidly, so the solution will be only temporary. 

In the longer term, however, measures must focus on the prevention of similar situations, 

even in the event of unexpected exceptional circumstances. Some steps in this direction 

have already been taken by governmental bodies, but above all by the private sector. The 

key issue is not only to ensure that capacity is adequately decentralized at the regional 

level but also to improve the flow of information and cooperation between production 

networks. One of the most interesting ideas is cross-functional centralized supply chain 

management. These institutions, which autonomously aggregate data from mult ip le 

sources and drive decisions, have already been shown in some case studies to lead to 

improved performance across the network. The idea is that the whole network produces 

common data for which common target values are defined. Decisions are taken centrally 

to achieve targets, which often have to do with shared efficiency and maximal utilizat ion.  

This leads to an extended collaboration, the benefits of which can be enjoyed by all 

parties. 

Long term, the visibility and especially the reputation of the semiconductor industry as a 

whole must be enhanced. This comes largely from within the industry, yet enactment of 

laws such as the planned right-to-repair regulations by the EU could play a surprising part 

by opening up the hardware market to new business models. At the same time, the means 

of production, and communication within the industry and between supply chains require 

improvements. Response times and forecasting models need to be developed further by 
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utilizing both policy and technology. Policymakers need to be aware of the most 

immediate and geopolitically relevant sectors for their countries and the most significant 

risks to them. These risks need to be anticipated and responded to quickly when they 

materialize. This preparedness must be maintained and constantly improved. It is also 

necessary to consider how to ensure the availability of semiconductors in security-crit ica l 

sectors in the event of disruptions to connections with the APAC region. At least the 

nodes of older maturity could be produced locally for applications of the most critical 

nature. 

7.2 Managerial implications 

In a managerial sense, the main key message of the study has to do with the compromise 

between robustness and efficiency. Robustness-Efficiency Trade-Off or RETO refers to 

the consideration that, within certain limits, a system can choose only one or some of the 

two, but not both completely. This is also true for the semiconductor sector, which has 

been given a new baseline for a worst-case scenario during the last two years. 

From a managerial point of view, it is important to change the way risks are handled when 

it comes to any key components or resources. Even the best estimates can go badly wrong 

if they are not based on a correctly interpreted reality. This is where data and collaboration 

are essential. Production chains must be able to rely on information provided by others, 

but not outsource decisions on production volumes, for example, to the next link in the 

chain to avoid a bullwhip effect. The allocation of customers and production capacity in 

foundries should be done in such a way as to avoid over-emphasis on one sector. This 

reduces the possibility that sectoral demand fluctuations can quickly sway the market as 

a whole. The same should apply to any other widely used key products in other supply 

chain networks, such as steel, oil, or certain rare earth minerals. The allocation of 

production to several sites in parallel also constitutes a sensible approach wherever 

possible. 
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7.3 Topics for further research 

While there is certainly ongoing sectoral market research, further research could look 

more closely at the long-term trends of transformation in the semiconductor sector caused 

by the pandemic and the chip shortage. This could be done for instance by examining the 

changes in the way production planning or warehousing is carried out. Another interesting 

area of research would be the risks that fluctuations in demand from different 

semiconductor industry client groups could pose to the sector. The automotive industry 

is admittedly key for semiconductors in older maturities, but how, for example, will the 

demand for cryptocurrencies be reflected in the demand and price of high-end chips? 

Further insights could also be observed on the impact of open ordering data, as well as a 

centralized order chain administration, on the profitability of the semiconductor business.  

It would also be interesting to see mathematical models and simulations being taken to 

the subsequent level. Today's large databases, distributed computing, and other 

technological advances make it possible to manage larger entities in real-time. In the 

future, for example, there could be common and shared systems where data transparency 

would allow entire economic systems to be monitored from outside. Already today, for 

example, websites showing transponder data for maritime and air traffic are showing the 

way forward.  In my view, the development of such technologies starts with universit ies 

and research, as the benefits for business would be only indirect and further down the 

line. 
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APPENDICES 

 

Appendix 1. The interview frame and questions. Some of them have been translated into 

English from the original Finnish interviews. 

Background 

1. What are your current job title and educational background? 

2. How much experience do you have with supply chain management or the 

semiconductor industry? 

3. How did you end up working in the field? 

Supply chain and crisis management 

1. What kind of processes does the company have for managing supply chains? 

2. How have they worked since the beginning of 2020? 

3. How would you describe the current supply chain issues related to the 

semiconductor industry? 

4. Are there already signs indicating that preparatory actions are being done by 

semiconductor manufacturers? 

5. How about customers? How have they reacted to the shortage? 

6. How are governments reacting to the shortage? Is there a difference between the 

American, European, and Asian governmental reactions? 

7. What financial strategies are best suited for your organization to prepare for 

sudden supply chain disruptions? 

8. What kind of differences are there in solving manufacturing issues versus 

logistical issues in the semiconductor industry? 

9. Is it possible to combine lean warehousing with resilience against shocks? How? 

10. Do increased semiconductor storage levels work better for certain industries than 

others? Which factors would have a larger effect? 

11. How could the risk of a similar situation developing again be mitigated in the 

future? 

12. What industries are most affected by the semiconductor shortage? 

13. Which sectors or products have avoided the effects in part or in full? 



 

 

The semiconductor industry in general 

1. What kind of role does your organization fulfill in the semiconductor ecosystem? 

2. What is it like to work in the semiconductor industry as [interviewee’s title or 

experience]? 

3. Do you identify any causes that made the semiconductor industry more vulnerab le 

to supply chain disruptions than other industries? 

4. How will recently released investments and subsidies by the USA and Europe 

affect the market? 

Predictions 

1. What long-term or lasting effects on the market do you think will be the peak in 

demand for semiconductors? 

2. How do you think the market will develop as the shortage eases?  

3. Do you think Moore’s Law will hold true? If so, for how long? Why or why not? 

4. Is there anything else that you think will happen as a result of the semiconduc tor 

shortage? 

Miscellaneous 

1. What have we not talked about that's important considering the research topic, in 

your opinion? 
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