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Abstract. Population aging impacts labor supply and creates economic and social 

challenges, in particular due to a growing number of retirees and a shrinking 

workforce. This study examines the potential effects of intelligent industry on the 

Slovak labor market, focusing on labor supply and demand through analysis of 

statistical data from sources such as McKinsey, PWC, and the OECD. By 

modeling scenarios based on varying levels of intelligent industry adoption, labor 

productivity growth, and workforce trends, this study projects labor market shifts 

in Slovakia up to 2033. Key findings suggest that increased labor productivity and 

technological advancements could alleviate some workforce shortages, 

potentially substituting approximately 70,000 jobs while maintaining economic 

stability. Despite these advances, the Slovak labor market is expected to face a 

shortage of roughly 220,000 workers by 2033 due to demographic shifts. Thus, 

the study demonstrates that while intelligent industry could offset some labor 

demand and increase productivity by around 6%, it remains a partial solution. 
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These insights underscore the need for strategic policy measures to mitigate the 

impacts of population aging and to adapt to evolving labor demands effectively. 

Keywords: aging workforce, intelligent industry, Slovakia 

JEL Classification: J21, J26, O33 

1. INTRODUCTION 

Current demographic trends in the Slovak Republic and the European Union are indicative of an 

irreversible process of population aging. In terms of the labor market, this means that as a high number of 

generational cohorts will be retiring, the incoming generations will not be able to replace them in terms of 

numbers (Brucker Juricic et al., 2021). According to OECD population projections, Slovakia's senior 

population is expected to rise by 50% by 2050, resulting in a significant labor force deficit. The pace at 

which population aging is occurring, especially in Western and developed countries, is considered 

unfavorable for economic growth because negative demographic trends reduce workforce participation and 

productivity (Tan et al., 2022). The resulting population deficit will have a negative impact on GDP and will 

require an increase in expenditures from the state budget for the social pension and healthcare system. Due 

to a less numerous working group, incomes will be lower. As a result, states have been enacting controversial 

policies, for instance raising the retirement age. According to Maestas (2023), every ten percent rise in the 

population over 60 lowers GDP per capita by 5.5 percent. This decline is attributed to lower employment 

growth and, to a larger extent, lower labor productivity growth. 

One way to counteract the anticipated trend brought on by population aging is to boost worker 

productivity. The advancement of technology and inventions has the potential to enhance labor productivity 

and sustain national economies. Information and communication technologies have positive impacts on 

work productivity, which makes investing in these technologies essential (Laddha et al., 2022; Bencsik, & 

Juhasz, 2023). Currently, the utilization of artificial intelligence comes to the forefront. It becomes a key 

factor that can influence the future of work. Artificial intelligence has the potential to significantly increase 

work productivity and automate various types of tasks, helping to compensate for the labor shortage 

(Acemoglu and Restrepo, 2020). Referring to statements from technological giants such as Google, Amazon, 

and Microsoft, Dauvergne (2022) mentions that artificial intelligence can help strengthen and improve every 

business or organization, enhancing their social and societal impact and sustainability. According to the 

analysis of the highly cited study by Rao and Verweij (2017), artificial intelligence could contribute up to 16 

trillion USD annually by 2030, with the advent of more advanced technologies expected to result in even 

higher capital growth. 

This study will focus on changes in work productivity due to the development of the intelligent 

industry, coupled with the implementation of generative artificial intelligence, as a potential solution to the 

workforce shortage caused by population aging. 

2. LITERATURE REVIEW 

The aging population in some countries worldwide represents a growing proportion of elderly 

individuals in society, signifying significant economic challenges that require intervention from the state. 

This issue arises due to a declining birth rate coupled with an increasing life expectancy (Ali & Kamraju, 

2023; Yang, 2021). Economic models typically function under the assumption of a stable or expanding 

population; however, declining fertility rates in high-income nations make this assumption untrue (Jones, 

2022). The population ages as a result of declining fertility and rising life expectancy. Population aging has 

a profound impact, particularly on the sustainability of economic growth and ensuring social and healthcare 
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for the population. Japan, European and Western nations are thought to be experiencing the most noticeable 

population aging globally (Tsutsui et al., 2024; Cicero, 2023; Xi et al., 2022; Lau et al., 2022).  

Population aging is a problem that manifests in various spheres. As the older population continues to 

grow, there is an increasing burden on the shrinking working population, which plays a significant role in 

providing social and economic support contributing to the well-being of the elderly in later life (Nagarajan 

and Sixsmith, 2023). The growing number of people in retirement age leads to an increase in state 

expenditures on the social and healthcare system (Cristea, 2020; Zeka &Veri, 2022; Bednarczyk et al., 2023). 

The author highlights the need of reintegrating older adults into the workforce, noting that the EU's labor 

market performance is significantly impacted by how public health spending is managed. Maintaining older 

individuals in the workforce appears to be a possible solution to the problem, but the reality of retaining 

these workers presents significant challenges and comes with several issues, including health problems 

associated with work activities and outdated technological skills required by current technological 

advancements (Nagarajan et al., 2019).  

Several authors reflect on this issue, stating that increasing the retirement age and the aging process 

result in a substantial portion of the workforce experiencing "wear and tear," leading to an increase in health 

complications and a change in work productivity (Hernæs et al., 2023; d’Errico et al., 2022). In the context 

of the increasing retirement age, there is a risk of a rise in the number of people opting for early retirement, 

particularly in demanding manual jobs, leading to workforce depletion (Zwick et al., 2022). Given that a 

significant portion of jobs in Slovakia consists of manual labor, the wear and tear of this workforce are even 

riskier. From this perspective, raising the retirement age cannot be considered a fully sufficient and suitable 

solution, and it will be important to focus on a combination of measures that can address the missing 

workforce. This combination of measures should be directed towards areas such as labor market policy, 

pension reforms, and increased investments in human and technological capital (Papapetrou & 

Tsalaporta, 2020). 

Among specific solutions falling into the set of measures to mitigate the impacts of population aging 

and cover the workforce shortage, considerations include improving working conditions for older people 

to keep them in the workforce for as long as possible and voluntarily, without compromising their health. 

Improving women's access to the labor market, given their lower employment rate compared to men. 

Enhancing legislative changes for employing migrant workers from other countries and increasing work 

productivity through job automation. Automation and the introduction of generative artificial intelligence 

have significant potential for mitigating the impacts of population aging. According to the latest OECD 

report (2023) focusing on this issue from the perspective of Slovakia, there is a 70 percent probability that 

up to 33 percent of jobs will be transformed and fully automated by 2040. 

In order to address the issues brought on by the aging of the population, technological advancements, 

the entry of intelligent industry into the labor market, and the automation of job duties seem to be essential 

steps. According to Acemoglu and Restrepo (2022), population aging leads to increased automation in the 

industry. The authors contend that there is support for the expansion of intelligent industry since there is a 

dearth of middle-aged workers with a focus on manual labor. The possibilities of intelligent industry will 

gradually respond to the labor market's demands through demographic development, leading to improved 

productivity even with a decline in the working-age population. 

3. METHODOLOGY 

The presented issue poses a problem on several levels. High numbers of generational cohorts are 

gradually exiting the labor market, and the generations entering the workforce cannot sufficiently replace 

the needed workforce. The significant increase in the number of people in retirement age represents higher 
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expenditures from the state budget for the social and healthcare system. However, due to the decreasing 

number of workers, the income into the state budget will be lower. One possible solution to this problem 

is the development of innovations and technologies, which could help increase labor productivity. 

The aim of the presented study is to determine the impact of introducing intelligent industry on the 

labor market in the context of labor supply and demand in the Slovak Republic, based on the analysis of 

available statistical data.  

The statistical data used in this study are sourced from the Slovak Statistical Office and OECD 

databases. The research draws on preexisting data and hypotheses regarding the impact of automation and 

generative artificial intelligence on labor productivity and employment, as documented in reports by the 

OECD, McKinsey, and PwC within the context of the Slovak Republic. 

For forecasts of the required workforce, the research is based on a simple relationship described by 

authors Mankiw and Taylor (2020). 

 

Y=A ×L 

Y = Gross domestic product 

A = Labor productivity 

L = Number of workers 

 

The relationship between the indicators contained in the formula can be interpreted as GDP being 

dependent on labor productivity and the number of workers. An increase in labor productivity, for example, 

due to the development of intelligent industry, leads to GDP growth. An increase in the number of workers 

also leads to GDP growth. Based on the provided interpretation, this relationship of macroeconomic 

variables, supplemented with assumptions or scenarios about the expected developments, for identifying 

the workforce needs, can be formulated as follows: 

 

NL=  pY/pA 

Ml=NL- DL 

 

NL = Necessary workforce 

pY = Estimated total gross domestic product 

pA = projected labor productivity per employee 

ML = labor shortage 

NL = labor required 

DL = labor force projected by demographic trend 

 

The mentioned modification of the formula can be interpreted as follows: (1) The formula indicates 

that the number of required employees depends on the assumed values of GDP and labor productivity; (2) 

If there is an assumed growth in GDP and labor productivity, the required number of employees decreases; 

(3) The missing workforce is equal to the difference between the required number of employees and the 

expected number of employees based on demographic trends; (4) If the expected number of employees is 

lower than the required number, there is a risk of a labor shortage. 

The processed forecasts are based on the average long-term trend of the employment rate (Slovak 

Statistical Office, 2023) and OECD population projections. It is important to note the limitations associated 

with these projections, which may not be accurate due to current dynamic changes in areas such as politics, 

economics, technology, or global environmental changes that can impact current and future demographic 

developments. Scenarios for the development of the labor shortage are derived from the relationship 
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between labor productivity per capita, GDP, and the labor force. These scenarios are coupled with 

population forecasts that assume an average employment rate of 70% based on the long-term trend. 

Through applied statistical-mathematical methods and deduction, a perspective on the issue is presented, 

based on which the conclusions are derived. 

4. EMPIRICAL RESULTS AND DISCUSSION 

The According to the OECD population projections combined with labor market data from the Slovak 

Statistical Office, it can be assumed that the demographic development in the Slovak labor market, in terms 

of the number of workers and retirees, will be unfavorable. 

 

 
 

Figure 1. Comparison of the forecasted development of workers and retirees 

Source: own elaboration 

 

The illustrated trend suggests a decreasing gap between the number of retirees and the number of 

workers. In the long term, given the current state of the labor market, such a development would be 

unsustainable from the perspective of public finances. Therefore, various measures are being taken, such as 

increasing the retirement age or facilitating the entry of workers from third countries into the country. 

Technological advancement, particularly in artificial intelligence, is a factor that could take the place of the 

retiring worker force and influence the type of occupations and the present labor market structure. 
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Figure 2. Development of the number of jobs 

Source: own elaboration 

 

The number of vacant and unfilled job positions averages around 20,000. Since 2022, this indicator has 

been depicted using a long-term linear trend. The development of employment numbers is determined 

based on population projections (OECD) and the assumption of an average employment rate of 70 percent. 

The illustrated job trend is influenced by automation, especially in the form of the introduction of generative 

artificial intelligence. According to several studies, jobs are expected to gradually automate between 30% 

and 45% by 2030 to 2040 (McKinsey, 2023; Squicciarini and Staccioli, 2022; PWC, 2020). As per scenarios, 

automation is anticipated to lead to a significant decline in job positions. In a report presented by the OECD 

(2022), the most likely scenario is that up to 33% of jobs in Slovakia will be automated, representing the 

highest percentage among all European countries. Automation of jobs could partially replace the outgoing 

older workforce, requiring the new workforce to adapt to new job positions. According to the mentioned 

report, a loss of up to a third of jobs is expected. But it's important to remember that the studies cited before 

also predict the emergence of new job positions. Therefore, state measures are needed, focusing on the 

creation of new jobs that will not be threatened by automation, and supporting education or requalification 

of the workforce affected by these changes. 

According to McKinsey (2023), generative artificial intelligence and automation, at the current pace of 

productivity, can increase the growth by up to 3.4 percent. The current average growth in labor productivity 

over the last observed period is approximately 2 percent, and the GDP growth is approximately 3 percent. 

Sustaining this expansion while taking into account the issue of an aging population creates a labor shortage.  
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Figure 3. Scenarios for the development of the labor shortage 

Source: own elaboration 
 

With the current average productivity growth of 2% per year, the labor shortage by 2033 would 

represent approximately 224,000 workers. If productivity increased by one percent, the estimated labor 

shortage in the labor market in 2033 would be 200,000. According to presented studies, productivity could 

increase due to automation by 3.4%, representing a doubling of the current trend. In the case of a 6% annual 

increase in productivity, the projected labor shortage would be almost 130,000. Automation of jobs and the 

growth in labor productivity should be able to cover part of the missing workforce. With a 6% increase in 

labor productivity, based on the findings, it can be assumed that artificial intelligence and automation could 

replace approximately 70,000 jobs. Automation and the increase in labor productivity can partially address 

the missing workforce. However, automation cannot fully replace the outgoing workforce, and other 

solutions need to be explored. 

 
Figure 4. Comparison of workforce requirements based on labor productivity 

Source: own elaboration 
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The current labor productivity per employee is growing by an average of 2.2 percent annually, and the 

current average GDP growth over the last period was 3 percent (Slovakstatistic, 2023). With the current 

labor productivity, more employees are required to maintain this GDP growth. Assuming a 70% 

employment rate and OECD demographic forecasts, it is projected that by 2033, there will be a 224,000 

worker deficit in the labor market. According to reports (McKinsey, PWC) addressing the issue of 

automation, the most optimistic estimates suggest an increase in productivity by 3.4 percent compared to 

the current growth. Based on this estimate, the current productivity growth would reach approximately 6%. 

To sustain consistent growth in the economy (3% annual GDP growth) and higher labor productivity as a 

result of automation, estimates suggest a shortage of 154,000 workers in the labor market. Automation could 

thus cover approximately 70,000 jobs, reducing the labor shortage by about 25 – 30 percent. 

5. DISCUSSION 

Simultaneous demographic trends associated with population aging and their potential negative 

impacts on the economy, society, and the labor market are becoming essential for most European countries. 

Several solutions are available, with one of the simplest yet most debated being the increase in the retirement 

age. Other possible solutions, supported by research and studies, include improving the employment of 

women, adjusting legislation to simplify the employment of workers from third countries, encouraging older 

people to voluntarily stay in the labor market, and increasing labor productivity through the introduction of 

smart industry and job modifications (Oladipo et al., 2023; Oxford Analytica, 2023; Angelini, 2023; 

Barbabella et al., 2022; Cristea et al., 2022; Rudnicka et al., 2020). From a societal perspective, an ideal 

solution may involve a combination of these approaches, avoiding an increase in the retirement age. The 

forefront among these possible solutions is the development of technologies and innovations and their 

impact on job modifications due to the introduction of smart industry. The findings of this study indicate 

that smart industry and the development of technologies represent a positive trend concerning population 

aging, capable of partially replacing the shortage of labor. These findings are supported by the results of Su 

et al. (2022), where the authors explored the development of technologies and their impact on the labor 

market. The data presented by the authors demonstrate that, despite potential drawbacks in specific 

situations, technologies generally have a favorable effect on the labor market. Smart industry increasingly 

influences the labor market and work activities. Interest in this area has significantly increased, especially 

with the accessibility of generative artificial intelligence and its widespread use in the labor market. The 

development of generative artificial intelligence is considered a potential tool expected to lead to significant 

changes in the job market. Several significant institutions (OECD, McKinsey, and PWC) have addressed 

the identified problems and possible impacts. From the perspective of the reports presented in the studies, 

there will be a gradual introduction of smart industry in the form of generative artificial intelligence. 

According to McKinsey (2023), Slovakia will be most affected, with up to 33 percent of jobs being modified. 

The development of smart industries and generative artificial intelligence can be seen favorably in terms of 

maintaining economic growth and addressing labor shortages, given the demographic trend towards a 

shrinking workforce. However, some authors in their studies do not consider smart industry, especially 

generative artificial intelligence, as a positive tool and approach the issue from an ethical standpoint. Wach 

et al. (2023) identified several ethical problems associated with generative artificial intelligence. According 

to the findings presented in the studies, the implementation of smart industry, characterized by generative 

artificial intelligence, will be introduced progressively. Additionally, the author points out the inherent 

shortcomings of this tool, including insufficient control and regulation of the artificial intelligence market, 

as well as the high levels of misinformation and false information prevalent in current artificial intelligence 

models. Another issue highlighted in the OECD report (2023) is the lack of trust and even fear among 
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people, particularly regarding job loss due to the replacement of jobs by artificial intelligence. According to 

the results, up to 60 percent of people are concerned about their job security. However, it is important to 

realize that, like any invention or new technology, the introduction of smart industry brings not only 

modifications to existing jobs but also entirely new job opportunities. State intervention is necessary to 

regulate certain aspects of generative artificial intelligence. Simultaneously, from the state's perspective, it is 

crucial to support education and the acquisition of new skills for people who may be influenced by job 

modifications (Lorenz et al., 2024). Generative artificial intelligence, even considering its currently not fully 

utilized potential and potential ethical issues, represents, from the perspective of current demographic 

processes, one of the necessary tools to alleviate the impacts of the labor shortage. 

6. CONCLUSION 

Based on the analysis of available statistical data and relevant studies, it can be stated that the aging 

population poses a critical issue for the labor market in the Slovak Republic. Demographic trends indicate 

that in the coming years, there will be a significant decline in the workforce and an increase in the number 

of retirees. 

Smart industry leads to an increase in labor productivity. The use of generative artificial intelligence 

seems to offer a potential remedy for the issue. Based on available population projections and the 

relationship between the number of workers, GDP, and labor productivity, it can be assumed that, with the 

current economic development and its sustainability, there will be a shortage of more than 220,000 workers 

in the labor market by 2033. The analyses refer to findings from reputable institutions, suggesting that the 

introduction of smart industry in the conditions of the Slovak Republic could affect up to 33% of jobs, 

representing a possible transformation of up to 792,000 jobs by 2040. It is important to note that, despite 

job modifications and loss, the creation of new jobs is expected. At the same time, an increase in labor 

productivity is anticipated, aligning with the current trend by 3.4 percent. According to our projections, 

automation alone has the potential to automate up to 70,000 jobs that could be automated by 2033 

compared to current economic growth, potentially alleviating the anticipated labor gap by as much as 30%. 

However, smart industry cannot fully replace the outgoing workforce, and according to the anticipated 

development, approximately 150,000 workers will be needed to maintain stable GDP growth. Therefore, a 

comprehensive set of policies is required to address the labor shortage issue. Based on literary analysis, these 

measures should focus on facilitating the access of older people and women to the job market, investing in 

innovation, supporting the development of automation and associated labor productivity, promoting 

education and qualifications for new jobs, and simplifying and supporting the employment of migrant 

workers. Solving the issues of an aging population and its impacts on the labor market requires a coordinated 

approach from the government, employers, trade unions, and educational institutions. 

The research results need to be interpreted considering the limits and constraints arising from the 

methods and data sources used. Population projections are based on the OECD methodology, but several 

unpredictable factors contribute to these projections. Another limitation is the unavailability or insufficient 

amount of statistical data on the impact of smart industry and generative artificial intelligence on the labor 

market. In conclusion, from the perspective of the analyzed data results, it can be stated that job automation 

and increased labor productivity through artificial intelligence offer a partial solution to the challenges of an 

aging population and labor shortage. However, achieving a sustainable solution requires a comprehensive 

strategy that includes various measures in the areas of education, employment, migration, and social policy. 
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