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Abstract: The aim of this paper is to introduce a research project dedicated to identifying gaps 

in green skills by using the labor market intelligence. Labor Market Intelligence (LMI). The 

method is primarily descriptive and conceptual, as the authors of this paper intend to develop 

a theoretical background and justify the planned research using Natural Language Processing 

(NLP) techniques. This research highlights the role of LMI as a tool for analysis of the green 

skills gaps and related imbalances. Due to the growing demand for eco-friendly solutions, there 

arises a need for the identification of green skills. As societies shift towards eco-friendly 

economic models, changes lead to emerging skill gaps. This study provides an alternative 

approach for identification of these gaps based on analysis of online job vacancies and online 

profiles of job seekers. These gaps are contextualized within roles that businesses find difficult 

to fill due to a lack of requisite green skills. The idea of skill intelligence is to blend various 

sources of information in order to overcome the information gap related to the identification of 

supply side factors, demand side factors and their interactions. The outcomes emphasize the 

urgency of policy interventions, especially in anticipating roles emerging from the green 

transition, necessitating educational reforms. As the green movement redefines the economy, 

proactive strategies to bridge green skill gaps are essential. This research offers a blueprint for 

policymakers and educators to bolster the workforce in readiness for a sustainable future. This 

article proposes a solution to the quantitative and qualitative mismatches in the green labor 

market. 

Keywords: green jobs; sustainable development; skills education and training; skills mismatch; 

labor market imbalances; green human resource management; natural language processing 

1. Introduction 

Sustainable development impacts all spheres of economic life, but the most 

significant changes concern the labor market, where green jobs are emerging (Sulich 

and Sołoducho-Pelc, 2022). The significance of green jobs arises from the synergy of 

benefits for the natural environment, business, and workers’ well-being (Kozar and 

Sulich, 2023). Green jobs encompass all positions that positively influence the natural 

environment and reduce the anthropogenic, detrimental effects of human economic 

activities. Currently, there is a growing body of literature discussing the increase in 

the number of green jobs and the qualitative changes they bring about (Werna et al., 

2023). There is a notable rise in green job opportunities, and businesses are 

increasingly adopting environmentally friendly practices. The implementation of 

theoretical principles of sustainable development consequently leads to the creation of 

green jobs or the greening of existing positions within organizations. As a result, 

employees acquire new eco-friendly competencies. Unfortunately, such changes in the 

business sphere are not accompanied by qualitative changes in the labor market (Kozar, 
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2023). Moreover, green jobs are often associated with subordinate, low-paid, physical 

labor performed under strenuous conditions, such as landscaping or waste sorting. 

Less frequently, green jobs are linked to creative intellectual work, involving 

Environmental, Social, and corporate Governance (ESG) reporting, researching the 

impact of corporations on the environment, and implementing strategies for 

sustainable organizational development (EBES, 2016). 

Currently, approximately 40% of workers in the European Union impact the 

green transition (European Commission, 2024a), and in 2019, there were 4.5 million 

jobs in the environmental economy (Bulgarelli et al., 2010). Simultaneously, labor 

shortages in key sectors and jobs for the green transitions have doubled. It is important 

to note that the green transformation brings with it some hopes for creating additional 

green jobs. Many workers will need to be trained, upskilled, or reskilled to meet the 

growing demand of the energy sector for new employees (Bulgarelli et al., 2010). The 

labor market needs presented exceed the number of available candidates with 

appropriate qualifications, which is why the European Union has allocated 65 billion 

euros for training and qualification changes in years 2023–2025 (European 

Commission, 2024a; European Commission, 2024b). 

While many employers claim difficulties in finding workers with the required 

skills, a considerable portion of the active population currently finds themselves 

marginalized or trapped in low-quality jobs (Tang et al., 2017). Some studies attribute 

this mismatch to an education system lagging behind business needs, which poses an 

important research gap and scientific problem (Li et al., 2023; Renwick et al., 2015). 

In the face of this paradox, the skills challenge involves aligning workers with jobs 

and providing them opportunities to acquire the required green skills (Martin and 

Ondřej, 2017; Adjei-Bamfo et al., 2019). This issue can be partially resolved by 

ensuring a good match between the skills of employees and the needs of employers, 

or by enhancing the qualifications of job-seeking candidates and current employees 

through training (Sapanca and Kanbul, 2022). Some enterprises can view green skills 

as a potential source of promotion, differentiation from competitors, innovation, and 

social influence (Correia et al., 2022). Therefore, organizations are investing in 

creating green jobs and influencing various stakeholders (Akomea-Frimpong et al., 

2023). They are not only building a positive image of an environmentally engaged 

business but also developing modern, green skills as part of human capital, 

encompassing consumer behaviors and employee habits (Macalik, 2021; Sulich, 2021).  

There is a consistent discrepancy that has been observed between employer 

expectations and offered by employee’s competencies (Siuta-Tokarska et al., 2022; 

Springer Nature, 2023). Market changes, driven by crises, ignite a need in candidates 

to enhance unique and specialized qualifications and green skills that would increase 

their employability (Nikoloski et al., 2018). The transformation of the labor market 

towards environmental sustainability heralds the emergence of novel occupational 

categories, heretofore unknown, and precipitates a marked augmentation in 

employment opportunities within specific sectors. Notably, this transition is 

characterized by significant annual employment growth rates in distinct professions, 

identified as green jobs (Sulich and Zema, 2018), including sustainability managers 

(30%), wind turbine technicians (24%), solar consultants (23%), ecologists (22%), and 

environmental health and safety specialists (20%). This evolution underscores the 
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expanding nexus of opportunities within green careers, reflecting a concerted response 

to pressing environmental imperatives (European Commission, 2023a). With the aid 

of green human resource management, new technologies are emerging that enable 

both innovative methods of education and training, as well as streamline the job search 

and candidate matching process (Song et al., 2021). Emerging technologies, such as 

digitalization, Natural Language Processing (NLP), and Machine Learning (ML), 

profoundly impact all domains of society, including the functioning of labor markets 

(CEDEFOP, 2021; Sulich et al., 2023). Up to the present, traditional analytical tools 

based on regular or sporadic surveys of business establishments have been utilized as 

the primary source of information concerning skills mismatches. Although the 

continually increasing use of online information considerably reduces the labor market 

frictions, the problem of skills mismatches, particularly with respect to the emerging 

green skills remains as a considerable challenge (Kuhn, 2014). In addition, the green 

transition and associated green skills mismatch problem has not been yet a target of 

scientific analysis.  

The aim of this paper is to introduce a research project dedicated to identifying 

gaps in green skills by using the Labor Market Intelligence (LMI). This approach 

underscores the relationship between demand and supply in the labor market, utilizing 

a ML method to identify gaps in green skills. The paper is primarily descriptive and 

conceptual, as the authors aim to develop a conceptual framework and justify the 

planned research using NLP techniques. In result this research will address the issue 

of green skill gaps from the perspective of their identification and categorization in 

labor market (AIAI, 2022). Green skill prerequisites have been systematically 

classified into technical, soft, and specific competencies (Broecke, 2023). The 

research further dissects the nature and scope of these gaps, categorizing them into 

green skill shortages, deficits, and obsolescence. In this context, the availability of data 

thanks to digitalization and spread of labor market related web services enables 

application of new technical solutions of analyzing green skills gaps based on big data.  

This conceptual paper is structured as suggested by Jaakkola (2020). First, the 

literature review is presented regarding the green skills, their classification and 

assessment. Next, the research problem is outlined as a framework for identification 

and analysis of green skills imbalances. Furthermore, in the research design section 

are elaborated the main steps in the process of identification of green skills gaps by 

using the LMI. Finally, the last section conveys the concluding remarks and provides 

plan for future research recommendations. Furthermore, this study offers policy 

recommendations, emphasizing roles emerging from the green transition and the 

urgent need for academic reforms tailored to a sustainable future’s demands. 

2. Literature review 

As the world pivots towards the sustainable, green or circular economy, the 

professional landscape undergoes significant transformations (Aneesh et al., 2023; 

Sulich et al., 2023). Transformative forces such as climate change, demographic 

challenges, energy crisis and other pressing environmental issues are redefining jobs, 

tasks and occupations as well as the skill profiles the people need in order to be and 

remain employable (Nikoloski and Pechijareski, 2017). Companies have to promote 
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the skills acquisition needed to cope with the changes in the labor market, contribute 

to sustainable growth, increase technological innovation and support business 

competitiveness (Fernandez and Ganesan, 2022). The business greening requires 

qualifications and skills related to implementing sustainable development principles, 

translating its theoretical assumptions into business practice (Gajdzik and Štverková, 

2023). In this context, one of the emerging groups of jobs are the green jobs. On the 

other hand, the skills dimension of green transition is often underemphasized in 

national and sectoral strategies aiming to achieve effective transformative change 

(ETF, 2023; Sołoducho-Pelc and Sulich, 2020). 

Green jobs can be defined as “jobs in business that produce goods or services that 

benefit the environment or conserve natural resources” (US Bureau of Labor Statistics 

Green Jobs Overview). Green jobs combine the principles of sustainable development 

with fairness and dignity of work. Other established occupations evolve, leading to 

emergent green skill gaps (AIAI, 2022). Firms face challenges with these gaps when 

recruiting for roles demanding specific green competencies that are scarce in the 

market (Napathorn, 2021). Therefore, there are green jobs and their absolute opposites. 

Such polar understanding of environmental jobs implicates green skills and 

competences development among employees. However, in business practice the 

number of green jobs is often presented, while little attention is paid to the 

organizational quality and effects of the green jobs created (Feng et al., 2022). This 

disparity between skills supply and demand is well-documented and described both 

qualitatively and quantitatively (US Bureau of Labor Statistics Green Jobs Overview). 

Future green workers should possess competencies and a readiness to become 

agile learners. It is because, green skills are shaped through continuous education and 

professional training. The green skills include knowledge, abilities, values, and 

attitudes, in promoting a sustainable socio-economic framework. Green skills can be 

divided into: (i) technical proficiencies, facilitating the application of green 

technologies and processes that emphasize resource conservation and minimal 

environmental impact, and (ii) transversal skills, paired with inherent knowledge and 

values that promote eco-conscious decisions in both professional and personal area. 

The green skills are described in the common internationally adopted skills descriptors 

such as the Occupational Information Network (O*NET) and the European 

Classification of Occupation, Skills and Competences (ESCO). The O*NET is based 

on the US Standard Occupational Classification system. This system contains 

information on hundreds of standardized and occupation-specific descriptors. On the 

other hand, ESCO is a multilingual classification system for all European skills, 

competences, qualifications and occupations. It is worth noting that ESCO follows the 

structure of the International Standard Classification of Occupations (ISCO-08), 

which is an important advantage compared to O*NET (Cárdenas Rubio, 2020; 

Nitschke et al., 2021). 

Green skills mismatch occurs when there is a discrepancy between the green 

skills that individuals possess and those needed by the employers (European 

Commission, 2013a). Green overskilling, also known as green skill underutilization, 

refers to a scenario wherein an individual’s green skills and competencies are not fully 

exploited in their present occupational role (Grandi et al., 2023). Conversely, green 

underskilling, or green skill gap, denotes a circumstance where an individual’s 
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repertoire of green skills and competencies falls short of the requirements needed for 

competent performance in their current job position (European Commission, 2013b). 

The are three potential challenges that reflect skills mismatches in green labor market 

supply and demand relations: green skill shortages, deficits, and obsolescence. A green 

skill shortage occurs when the demand for a specific type of green skill surpasses its 

supply at the current wage rate (Hailiang et al., 2023). The shortage is attributed solely 

to a disparity between demand and supply. A green skill deficit exists when the green 

skills and abilities of a workforce are below a predetermined benchmark level of green 

skills (Sołoducho-Pelc and Sulich, 2022). This disparity underscores domains in which 

existing skill sets fall short of employer expectations. Green skill obsolescence refers 

to a scenario where green skills previously essential in a job are no longer necessary 

or have decreased in relevance. This obsolescence arises when certain skills become 

outdated due to eco-centric industry shifts (Hu et al., 2023). While most measures of 

skills imbalance focus on the employed population (Sulich and Zema, 2018), certain 

metrics, such as green skill shortage, may also be empirically evaluated among job 

seekers (Zhang et al., 2023). 

Currently, several megatrends, including climate change and the integration of 

Artificial Intelligence (AI), are shaping the future demand for modern skills essential 

in transforming the economy (Yüksel and Dinçer, 2023; Towards Industry 4.0 - 

Current Challenges in Information Systems, 2020). With the advances in NLP, big 

data analytics, the labor market community has introduced the emerging field of (LMI) 

(AIAI, 2022). The LMI utilizes ML algorithms and frameworks to analyze data related 

to the labor market information for supporting strategies and decision-making (Sus et 

al., 2023). The AI and ML are not only changing the labor market, but are also 

providing new tools to analyze the workforce (AIAI, 2022; ETF, 2021). LMI is a set 

of AI supported algorithms used to recognize crucial skills demanded in certain 

positions. Data describing the posted online jobs vacancies and online profiles of job 

seekers can be analyzed exploring the inherent information. These vast data sources 

are essential for understanding the dynamics and functioning of the modern labor 

market and employers’ recruitment patterns (Broecke, 2023). The concept of labor 

market information involves integrating diverse information sources to bridge the gap 

in understanding both supply-side and demand-side factors, as well as their interplay 

in the labor market. Job advertisement data, offering timely insights into skill demands, 

are particularly informative (Adjei-Bamfo et al., 2019). However, when examined in 

isolation, such data may not sufficiently illuminate skill mismatches. Conversely, 

when combined with other data, it becomes possible to assess whether changes in job 

vacancy volumes by occupation correlate with broader labor market trends or stem 

from existing skill mismatch issues (Bennett et al., 2022). Therefore, job vacancy data 

is instrumental in identifying the specific skills required for various jobs. Further, 

when this data is merged with information on skill mismatches, it can yield 

comprehensive insights that are valuable for policymakers in shaping education and 

training strategies (Zylfijaj et al., 2020). 

Recently, big data has been increasingly applied in the analyses of the green 

transition (OECD, 2023). For instance, in the United Kingdom the Department of 

Business, Energy and Industrial Strategy applies a big data approach as a way to 

monitor the development of green jobs and skills. In practice, this approach consists 
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of an analysis of online job vacancies based on the keyword filtering and ML possess. 

Furthermore, in a study of online job vacancies in Germany, are defined occupations 

and sectors that are particularly relevant for the green transition in Germany and 

identify possible labor shortages that could hinder green transition (Bauer et al., 2022). 

Namely, they created a catalog of keywords to detect occupations related to the green 

economy followed by an automated text analysis to detect these relevant keywords in 

the job postings data. Another example of using web scraping techniques for analyzing 

the mismatch between supply and demand of green jobs has been applied in the context 

of the Korean labor market (Song et al., 2021). They obtained information on both the 

company side and job seekers side as an innovative way to quantify the degree of 

mismatch between supply and demand for green jobs, in specific country context. 

From the presented theoretical background emerges a research gap backed on a 

lack of comparative studies conducted in relation to the labor market in developing or 

underdeveloped countries. In the next part of the article, the research problem is 

introduced along with a skills mismatch context providing a solid foundation for 

undertaking future scientific studies in developing countries. 

3. Research problem formulation 

The skills mismatch can be defined according to the European Centre for the 

Development of Vocational Training (CEDEFOP), which developed this terminology 

in the context of the European Skills and Jobs Survey (CEDEFOP, 2021). The skills 

mismatch is a discrepancy between workers’ qualifications and skills and labor market 

needs (CEDEFOP, 2010). Therefore, this mismatch can be vertical or horizontal. A 

vertical skills mismatch occurs when an individual’s level of education or skills is 

either higher or lower than the required level for a job. On the other hand, a horizontal 

mismatch arises when the level of education or skills aligns with job requirements, but 

the specific type or field of education or skills is not suitable for the job (Crowley, 

1999). A degree of ‘frictional’ skill mismatch and skill shortages is to be expected in 

any dynamic economy (European Commission, 2023b). However, persistently high 

skill mismatch and skill shortages over the longer term can have adverse economic 

consequences for individuals, firms and the economy as a whole. At the individual 

level, skill mismatch has a negative impact on job satisfaction and wages. Therefore, 

individuals may face difficulties in finding an appropriate job, higher risk of 

unemployment and possible human capital depreciation in the case of long-term 

unemployment. Skill mismatches for companies cause hiring difficulties, lower 

productivity or insufficient product quality, loss of competitiveness and additional 

costs for investment in retraining. Finally, the society may incur lower national 

competitiveness, negative impact on public finance and social exclusion and safety 

(Rani and Mishra, 2014). The relevance to such a broad range of stakeholders calls for 

the results of skills assessment and anticipation exercises to be widely disseminated in 

order to maximize their impact on policy making (OECD, 2017).  

The research problem of this paper is to introduce a research project framework 

dedicated to identifying green skills gaps by using the LMI. In order to define the 

green skills mismatch measures, it is necessary first to adopt an appropriate skills 

taxonomy. In this context, ESCO is utilized as a foundational reference point, enabling 



Journal of Infrastructure, Policy and Development 2024, 8(6), 4868. 
 

7 

the effective comparison and analysis of research findings (European Commission, 

2023). This comparison can reflect differences between green skills demand and 

supply in qualitative approach. Those green skills sets and the relationships between 

them can be compared and explored automatically using AI tools.  

The result of this research is a proposition of online platform scheme for services 

like labor market matching based on the green skills. This tool can be developed with 

function of suggesting training to people interested in reskilling or upskilling. In 

addition, this platform might support both employers to find the candidates for their 

vacancies, and employees to find the position adjusted to their skills. The use of ESCO 

helps education and training providers to understand what skills in the labor markets 

are needed. The curricula can be adapted accordingly to prepare students for labor 

market transition. 

The ESCO is a public online platform which provides descriptions of skills and 

occupations that helps both employees and employers to become more aware of the 

necessary skills. It is used for describing, identifying and classifying professional 

occupations and skills relevant for the EU labor market (European Commission, 2023). 

The aim of ESCO is to support job mobility which in turn supports a more integrated 

and efficient labor market in Europe. This activity of ESCO is based on the offering a 

set of occupations and skills that can be used by different stakeholders on employment, 

education and training topics. The European Commission further distinguishes brown, 

white and green skills among the ESCO classifications (ESCO Publications, 2022). 

The EC assumes that brown skills exert negative environmental impact, white skills 

neither increase nor reduce this impact, while green skills reduce anthropopressure. 

The green skills are continuously increasing in their number in ESCO, what reflects 

the trends and changes in the labor market (Kureková et al., 2015). Green 

qualifications are becoming increasingly important in rapidly developing sectors. 

There are qualifications related to the green jobs, which include green skills, green 

knowledge concepts, and transversal skills (ESCO Publications, 2022).  

The challenge for this research covering skills assessment and anticipation 

exercises is to make the results available in a useful and accessible form. In the 

literature there are several approaches for assessing the skill mismatch that can be 

classified in three broad categories: objective, subjective and empirical (CEDEFOP, 

2010; McGuinness et al., 2017). The objective measure is obtained by systematic job 

evaluation used to determine the precise level of qualifications required to perform a 

particular job. The subjective measure is based on individual perception about the level 

of education required to perform a particular job. According to the empirical method 

mismatch occurs when the level of education is more than one standard deviation 

above or below the mean for education within an occupation (Song et al., 2021).  

Another challenge for this research is the measurement of skill mismatches, 

particularly those affecting the employed population, often referred to as ‘internal’ 

skills mismatches. In contrast, the ‘external’ skill mismatch refers to imbalances 

between skill needs and supplied skills by the unemployed or by the potential labor 

force (Stoevska, 2017). While the ‘internal’ skill mismatches are analyzed with respect 

to the existing jobs, the ‘external’ skills imbalances can only be identified by 

comparing skills supply and demand, as it is the result of their interaction. However, 

in empirical analyses direct comparison is difficult because the data on skills supply 
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and demand often come from different data sources. Therefore, it may be beneficial to 

calculate distinct indicators for skills supply and demand, and subsequently conduct a 

qualitative assessment to identify any notable discrepancies between them and existing 

trends. While some indicators are designed to directly measure mismatches from the 

data, they can signal the presence of a mismatch but offer limited insights into its 

underlying structure (ETF, 2019; Řihova, 2016). 

In this context, a distinction should be made between general skills mismatch 

measures, which assess the overall skills level, and green skills mismatch measures, 

focusing on a specific type of skills. An employed worker may be sufficiently skilled 

in terms of their overall skills and abilities, yet still underskilled in possessing the 

necessary green skills (ILO, 2011). In this context, it is particularly relevant to derive 

a measure of green skill shortages, defined as the estimated number of jobs for which 

employers encounter difficulties in filling vacancies due to a lack of green skills. These 

vacancies may also be categorized as hard-to-fill due to green skill shortages 

(Eurofound, 2023). The proportion of hard-to-fill vacancies attributable to green skill 

shortages could be further calculated across various occupations, industries, and 

regions to facilitate comparative analyses. 

The application of LMI to analyze both job openings and candidate profiles can 

contribute to the systematization of qualifications for emerging green jobs. These tools 

are universal in nature and can be transferred to other countries and different contexts 

where there is a need to correlate the labor markets of employees and employers. 

Moreover, it allows for the expansion of the definition of green jobs and their linkage 

to corporate strategies for sustainable development (Sulich and Zema, 2018). In this 

way, organizations implementing sustainable strategies will gain skilled workers, 

specialists who are prepared for such challenges. 

4. Research design 

This section provides a justification for the research design with detailed steps 

adopted in the LMI approach, as outlined in the literature review. The novelty of this 

study lies in the application of existing methodologies of online data analysis to 

investigate green skills gaps based on reconciliation of both demand and supply side 

for green skills. The novelty of the proposed solution lies in focusing on the green 

qualifications sought in the case of green job positions. A significant strength of this 

research is that the availability of big data allows for larger sample sizes and more 

frequent analyses compared to traditional surveys. Another advantage is that LMI’s 

reliance on internet-based data sources eliminates the need for field data collection and 

provides prompt results. Job posting data in the labor market precisely reflect 

employers’ current needs, as companies publish announcements when seeking new 

hires. Furthermore, big data analytics applied to vacancy data collected from online 

job advertisement portals can enhance skills anticipation and matching capabilities. 

This methodological advantage bridges research and business practices and in the 

future may become a major source of LMI.  

Data are collected based on the classification on the websites where employers 

and job seekers share common terminology with respect to occupation, skills, 

education level, experience etc. The employers post online job openings with specific 
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skills requirements to attract workers they need, while the job seekers create online 

profiles and résumés with skills descriptions to market themselves to potential 

employers. Alternatively, as a source of data for job seekers can be used the registry 

of unemployed workers from the Public Employment Service (PES). The advantage 

of using the registry of unemployed workers as a data source is its well-defined 

structure and richness of information. Usually, such registers contain information on 

personal characteristics and data related to gender, age, place of living, education level, 

previous work experience, unemployment history, participation in active measures etc. 

The proposed research design has sequential characteristic and consists of three phases: 

data ingestion, data processing, and data analysis (ETF, 2021). This is presented in 

Figure 1, where the main tools applied are listed for each phase, while the peculiarities 

related to the analysis of green skills are stated below. 

 

Figure 1. Research design of green skills gaps identification using LMI. 

Source: Authors elaboration. 

Figure 1 not only illustrates the stages and their technical details in gray boxes, 

but also the objectives of these stages, which are presented below in green ellipses. 

The initial phase labeled as data ingestion involves selecting data sources, i.e., data 

targeting or landscaping to extract job vacancies, followed by downloading raw data 

from the identified websites. To maximize the quality of the information extracted, 

websites are ranked and prioritized according to the information they provide and 

representativeness of green sectors. In this context, it is crucial to evaluate and 

categorize each source (such as online web vacancies and other online or offline 

sources) based on the credibility of the information it provides. The set of web portals 

is not fixed and it can be narrowed or widened depending on the changes in the 

business environment. Furthermore, this phase involves data collection (by using web 

scraping, web crawling or via API (Application Programming Interface). The web 

scraping should be adjusted for each web page having in mind the organization and 

structure of data is different and may consists of structured and unstructured (text 

format) data. At the same time the raw data will be stored in the original text format 

as it appears on the source web page. Some of the challenges involved in this process 

is providing robustness, good data quality, scalability and governance. Namely, the 

system needs to deal with potential technical problems when gathering data, to obtain 

data as clean as possible and to handle a real and complex big data environment. 
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The data processing phase starts with pre-processing which includes data 

cleaning in order to eliminate irrelevant information noise and unnecessary 

information. Namely, the information gathered from the web might encompass various 

types of non-vacancy content that needs to be discarded. In addition, this phase 

involves identifying and removing duplicate entries, since vacancies are generally 

posted on multiple web portals. If they are taken as distinct, then the labor demand for 

a specific occupation will be overestimated. A similar process of data cleaning and 

deduplication has to be performed on data gathered from the online profiles of job 

seekers. Once data has been pre-processed, the process continues with information 

extraction and classification. In this context, classification algorithms are used to 

match the content of the downloaded job advertisements to education, experience, 

skills and labor market ontologies/classifications. For instance, the taxonomy related 

to green skills and occupations will be provided from the ESCO database that contains 

13.890 skills out of which a total of 571 skills and knowledge concepts are labeled as 

green. Other important classifications are the following: statistical classification of 

economic activities in the European Community (NACE) for sectors, nomenclature of 

territorial units for statistics (NUTS) for places of work, International Standard 

Classification of Education (ISCED) for education levels. Furthermore, custom 

ontologies can be developed from the information in the job offers (such as contract 

type, skills, salary). These can be used to develop terms and synonyms which are not 

yet included in existing ontologies, providing valuable information on emerging 

technologies, jobs or skills. Once the data classification process is completed, it is 

possible to store the processed data in a multidimensional database for data navigation 

and data analysis. This can include developing insights and recommendations into 

current and emerging technologies, jobs and skills in demand by employers 

(CEDEFOP, 2021). 

The data analysis phase aims to identify patterns of interest in a specific 

representational format by using suitable ML algorithms (such as classification, 

clustering, etc.) aligned with the analytical purpose. This phase also includes NLP 

analysis of the data to extract information from text. The green skills can be classified 

and organized in different groups and categories. The data hierarchy will follow a tree 

structure, where green skills can be combined on horizontal and vertical level 

depending on the particular analytical purpose. In addition, by harnessing AI tools in 

analyzing the processed data of job vacancies can help to identify patterns and gain a 

comprehensive understanding of the skills demanded on the labor market. Namely, AI 

can identify emerging trends, highlight evolving skill requirements and track shifts in 

the job market over time. Subsequently, the focus of the analysis will be narrowed 

down to green skills sought in the labor market and green skills offered by the job 

seekers. The goal is to assess the alignment between the supply and demand for green 

skills and to define measures/indicators of green skills gaps. Finally, the green skills 

mismatch indicators will be applied for measuring the discrepancies across different 

occupation, industries and regions in order to provide the stakeholders with the 

necessary information. 

However, caution needs to be taken with the interpretation and use of big data 

and online job vacancies as the sample may not be representative of the entire labor 

market i.e. significant portion of jobs are not advertised online. Namely, skill needs 
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extracted from online vacancies are likely to suffer from substantial biases in terms of 

coverage of sectors, occupations as well as geographical coverage (Carnevale et al., 

2014; CEDEFOP, 2019). Furthermore, it is important to note that it is difficult in 

making a one-to-one comparison between job advertisements and a real job vacancy 

since companies might post more job advertisements than available positions in order 

to receive more applications (Cárdenas Rubio, 2020). Skills requirements as stated in 

online job vacancies often reflect firms’ effort to attract a desired set of skills among 

job applicants, rather than to genuinely reflect the required skills profiles in 

occupations. Job-specific skills may be taken for granted and the emphasis put on 

transversal skills instead, potentially providing a biased view of the skills needed for 

the vacancy. Since Internet-based job searching gradually became a more prominent 

tool for job matching, some challenges related to their representativeness have been 

already addressed (Kureková et al., 2015). 

5. Conclusions 

The conceptual framework developed in this paper represents an initial attempt 

to apply the LMI in the process of identification of green skills gaps. This article 

proposes a solution to the quantitative and qualitative mismatches in the green labor 

market. For this purpose, an approach based on separate analyses of demand and 

supply data gathered from online web sources was proposed. Accordingly, the 

measures of green skills demand and green skills supply can be produced and 

presented in the way to reflect the potential green skills mismatches. The use of real 

time data for green skills analyzes represents an advantage of this method, having in 

mind the rapid pace of changes in the domain of green transition (European 

Commission, 2024a). On the other hand, the main criticism is related to its ‘external’ 

character, since the focus of the analysis is on the green skills requirements for vacant 

jobs and the green skills endowments of job seekers. Hence, a comprehensive 

assessment of the green skills imbalances in a given economy can be obtained by 

complementing this approach with data gathered from the business establishments. 

The results obtained by applying the LMI approach can be useful for a wide range 

of potential users such as labor market analysts, data scientists, decision makers, 

business managers etc. The analytical perspective can encompass distributions of 

green skills with respect to occupation, industry, education as well as the regional and 

time dimensions. For this purpose, various tools such as interactive dashboard can be 

developed in order to provide the necessary information that can be customized 

according to the users’ needs. Furthermore, the identified green skills gaps and hard-

to-fill vacancies due to the green skills deficits can be used as signals for policy makers, 

particularly in the domain of education and active labor market policies. Namely, by 

following the trends of green skills demand, new ‘green’ subjects might be included 

in the existing teaching curricula, while for the emerging occupations entirely new 

curricula can be developed. In addition, the ad-hoc needs for green skills and 

competences can be satisfied by designing and delivering training courses for 

unemployed workers within the framework of the active labor market measures.  

Furthermore, it is important to emphasize that some sectors, such as renewable 

energy, face urgent need of workers with green skills and competences (European 
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Commission, 2024a). In this context, employers may experience reduced productivity 

due to shortages in green skills and gaps in green skills, which can potentially lead to 

a loss of competitiveness or even reputation (Macalik, 2021; Macalik and Sulich, 

2019). As the unmet demand for green skills continues to rise, companies may respond 

by promptly equipping the workforce with the necessary skills through the 

establishment of internal training centers. Furthermore, human resource managers 

could benefit from utilizing the information from these analyses when planning future 

investments in industries that require extensive green skills and competencies 

(European Commission, 2024a). 

Employees equipped with strong qualifications are not only ambassadors of 

specific enterprises, but above all, they are representatives of the idea of sustainable 

development by influencing consumers’ habits (AIAI, 2022). Consequently, in the 

future, completely new business models will be created based on organizations whose 

employees are educated and equipped with green skills and competences. In this 

context, there are three ways of sustainable development: changing people and 

organizations while adapting them to the needs of the current market, creating green 

companies that already take advantage of the new labor market and, creating new 

green professions and concepts that gradually lead to establishing completely new 

companies. These three aspects are answer to the three types of the mismatches. In 

order to minimize the mismatch between workers’ skills endowments and the needs 

of the labor market, the education system should equip candidates with green 

qualifications by teaching three types of thinking: creative, effectual and analytical. 

Namely, an ordinary reconstructive thinking consisting only in recalling remembered 

data and information does not provide the instrumentation required for current and 

future challenges of today which are yet to come. 

Having in mind the untapped possibilities of AI in the domain of LMI, there is a 

wide room for developing various analytical tools. For instance, the skills 

requirements from the online sources may not be explicit, but implied in description 

of the workplace. Hence, innovative text analysis is required to extract the relevant 

information related to workers skills and competences. In this context, the use of ML 

and NLP techniques are challenging tasks in the process of technical implementation 

of the above outlined approach. Furthermore, particularly important are the 

anticipation methods for emerging green skills that have to be appropriately tackled 

by the policy makers. The future avenue of research has to focus on formulation and 

empirical calculation of various measures of green skills imbalances based on the 

developed tools of LMI. 

Author contributions: Conceptualization, DN, AS, LSP, GM, MA and MMP; 

methodology, DN, AS, LSP, GM, MA and MMP; software, DN, AS, LSP, GM, MA and 

MMP; validation, DN, AS, LSP, GM, MA and MMP ; formal analysis, DN, AS, LSP, GM, 

MA and MMP; investigation, DN, AS, LSP, GM, MA and MMP; resources, DN, AS, LSP, 

GM, MA and MMP; data curation, DN, AS, LSP, GM, MA and MMP; writing—original 

draft preparation, DN, AS, LSP, GM, MA and MMP; writing—review and editing, DN 

and AS; visualization, DN, AS, LSP, GM, MA and MMP; supervision, DN, AS, LSP, GM, 

MA and MMP; project administration, DN, AS, LSP, GM, MA and MMP; funding 



Journal of Infrastructure, Policy and Development 2024, 8(6), 4868. 
 

13 

acquisition, DN, AS, LSP, GM, MA and MMP. All authors have read and agreed to the 

published version of the manuscript. 

Conflict of interest: The authors declare no conflict of interest. 

References 

Adjei-Bamfo, P., Bempong, B., Osei, J., et al. (2019). Green candidate selection for organizational environmental management. 

International Journal of Manpower, 41(7), 1081–1096. https://doi.org/10.1108/ijm-10-2019-0480 

Akomea-Frimpong, I., Jin, X., Osei Kyei, R., et al. (2023). A review of circular economy models and success factors on public-

private partnership infrastructure development. Built Environment Project and Asset Management, 14(1), 109–126. 

https://doi.org/10.1108/bepam-01-2023-0014 

Aneesh, E. M., Anoopkumar, A. N., Madhavan, A., et al. (2023). Inferences on bioengineering perspectives and circular economy 

to tackle the emerging pollutants. Environmental Technology & Innovation, 30, 103116. 

https://doi.org/10.1016/j.eti.2023.103116 

Artificial Intelligence Applications and Innovations. AIAI 2022 IFIP WG 12.5 International Workshops. (2022). In: Maglogiannis 

I., Iliadis L., Macintyre J., & Cortez P. (editors). IFIP Advances in Information and Communication Technology. Springer 

International Publishing. https://doi.org/10.1007/978-3-031-08341-9 

Bauer, S., Thobe, I., Wolter, M. (2021). Grüne Karrieren – Berufe und Branchen mit Green-Economy-Relevanz. Available online: 

https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/uib_11-2021_gruene_karrieren.pdf (accessed 

on 15 December 2023). 

Bennett, F., Escudero, V., Podjanin, A., et al. (2022). Using online vacancy and job applicants’ data to study skills dynamics. ILO. 

https://doi.org/10.54394/ewwe6877 

Broecke, S. (2023). Artificial intelligence and the labour market: Introduction. OECD Employment Outlook 2023. 

https://doi.org/10.1787/63bcc69a-en 

Bulgarelli, A., Lettmayr, C., Kreiml, P. (2010). Skills for green jobs. European synthesis report. Luxembourg. 

Cárdenas Rubio, J. A. (2020). A Web-Based Approach to Measure Skill Mismatches and Skills Profiles for a Developing 

Country: The Case of Colombia. https://doi.org/10.12804/urosario9789587845457 

Carnevale, A.P., Jayasundera, T., Repnikov, D. (2014). Understanding online job ads data: STEM healthcare education 

manufacturing understanding online job ads data. https://cew.georgetown.edu/wp-

content/uploads/2014/11/OCLM.Tech_.Web_.pdf (accessed on 28 January 2024). 

CEDEFOP. (2010). The skill matching challenge Analysing skill mismatch and policy implications. 

CEDEFOP. (2019). The online job vacancy market in the EU Driving forces and emerging trends. Available online: 

https://www.cedefop.europa.eu/en/tools/skills-intelligence (accessed on 28 January 2024). 

CEDEFOP. (2021). Understanding technological change and skill needs Big data and artifi cial intelligence methods Cedefop 

practical guide 2. Available online: https://www.cedefop.europa.eu/en/publications/4198 (accessed on 14 January 2024). 

Correia, D., Teixeira, L., Marques, J.L. (2022). Study and analysis of the relationship between smart cities and Industry 4.0: A 

systematic literature review. International Journal of Technology Management & Sustainable Development, 21(1), 37–66. 

https://doi.org/10.1386/tmsd_00051_1 

Crowley, K. (1999). Jobs and environment: the “double dividend” of ecological modernisation? International Journal of Social 

Economics, 26(7/8/9), 1013–1027. https://doi.org/10.1108/03068299910245787 

ESCO Publications. (2022). Green Skills and Knowledge Concepts: Labelling the ESCO classification. Available online: 

https://esco.ec.europa.eu/en/about-esco/publications/publication/green-skills-and-knowledge-concepts-labelling-esco 

(accessed on 1 December 2023). 

Eurasian Studies in Business and Economics (EBES). (2016). Business Challenges in the Changing Economic Landscape. In 

Bilgin M.H., Danis H., Demir E., et al. (editors). Eurasian Studies in Business and Economics. Springer International 

Publishing. https://doi.org/10.1007/978-3-319-22593-7 

Eurofound. (2023). Changing labour markets—How to prevent a mismatch between skills and jobs in times of transition—

Background paper, Eurofound, Dublin. 

European Commission. (2013a). Commission Staff Working Document: Employment and Social Developments in Europe 2012. 

Available online: 



Journal of Infrastructure, Policy and Development 2024, 8(6), 4868. 
 

14 

https://www.europarl.europa.eu/RegData/docs_autres_institutions/commission_europeenne/swd/2013/0002/COM_SWD(201

3)0002(PAR10)_EN.pdf (accessed on 28 January 2024). 

European Commission. (2013b). The skill mismatch challenge in Europe: Employment and social developments in Europe 2012. 

8, 1-72. 

European Commission. (2023a). The Green Deal Industrial Plan: Putting Europe's net-zero industry in the lead. Available online: 

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/green-deal-industrial-plan_en 

(accessed on 4 January 2024). 

European Commission. (2023b). What is ESCO? Available online: https://esco.ec.europa.eu/en/about-esco/what-esco (accessed 

on 1 December 2023). 

European Commission. (2024a). Commission sets out actions to tackle labour and skills shortages. Available online: 

https://ec.europa.eu/social/main.jsp?langId=en&catId=89&furtherNews=yes&newsId=10790 (accessed on 28 January 2024). 

European Commission. (2024b). The Green Deal Industrial Plan and European Commission Available online: 

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/green-deal-industrial-plan_en 

(accessed on 28 January 2024). 

European Commission. ESCO strategic framework. Available online: https://esco.ec.europa.eu/en/about-

esco/publications/publication/esco-strategic-framework (accessed on 1 December 2023). 

European Commission. European Skills/Competences, Qualifications and Occupations (ESCO). Available online: 

https://ec.europa.eu/social/main.jsp?catId=1326&langId=en (accessed on 1 December 2023). 

European Training Foundation (ETF). (2019). Big Data for labour market intetelligence: an introductory guide. 

European Training Foundation (ETF). (2021). Big data for Labour Market Intelligence (LMI). Available online: 

https://www.etf.europa.eu/sites/default/files/2021-05/big_data_lmi_en_web.pdf (accessed on 16 January 2024). 

European Training Foundation (ETF). (2023). Skills for the green transition: evidence from the EU neighbourhood. Available 

online: https://www.etf.europa.eu/sites/default/files/2023-11/Skills%20for%20the%20green%20transition.pdf (accessed on 

10 January 2024). 

Feng, H., Liu, Z., Wu, J., et al. (2022). Nexus between Government spending’s and Green Economic performance: Role of green 

finance and structure effect. Environmental Technology & Innovation, 27, 102461. https://doi.org/10.1016/j.eti.2022.102461 

Fernandez, D. C., & Ganesan, J. (2022). Job pursuit intentions of undergraduates towards green job positions and descriptions, 

green performance management, green employee relations with employers’ prestige as the mediator. Journal of Applied 

Research in Higher Education, 15(4), 1167–1184. https://doi.org/10.1108/jarhe-01-2022-0012 

Gajdzik, B., & Štverková, H. (2023). Industry 4.0 workforce: encyclopedia of the digital professions by groups of technological 

innovation. Scientific Papers of Silesian University of Technology. Organization and Management Series, 2023(170), 79–98. 

https://doi.org/10.29119/1641-3466.2023.170.5 

Grandi, C., Lancia, A., & D’Ovidio, M. C. (2023). Climate Change: An Issue That Should Be Part of Workers’ Information and 

Training Duties Envisaged by EU Directives on Occupational Health and Safety. Atmosphere, 14(7), 1183. 

https://doi.org/10.3390/atmos14071183 

Hailiang, Z., Chau, K. Y., & Waqas, M. (2023). Does green finance and renewable energy promote tourism for sustainable 

development: Empirical evidence from China. Renewable Energy, 207, 660–671. 

https://doi.org/10.1016/j.renene.2023.03.032 

Hu, B., Asim, S., Sibt-e-Ali, M., et al. (2023). Exploring the relationships between attitudes toward emission trading schemes, 

artificial intelligence, climate entrepreneurship, and sustainable performance. Environmental Science and Pollution 

Research, 30(42), 95720–95737. https://doi.org/10.1007/s11356-023-29051-1 

ILO. (2011). Skills for Green Jobs a Global View Synthesis Report. International Labour Office. 

Jaakkola, E. (2020). Designing conceptual articles: four approaches. AMS Review, 10(1–2), 18–26. 

https://doi.org/10.1007/s13162-020-00161-0 

Kozar, Ł. J., & Sulich, A. (2023). Green Jobs: Bibliometric Review. International Journal of Environmental Research and Public 

Health, 20(4), 2886. https://doi.org/10.3390/ijerph20042886 

Kozar, ŁJ. (2023). Sustainable development and social enterprises: a bibliometric analysis. (2023). Silesian university of 

technology publishing house, 187. https://doi.org/10.29119/1641-3466.2023.187.16 

Kuhn, P. (2014). The internet as a labor market matchmaker. IZA World of Labor. https://doi.org/10.15185/izawol.18 

Kureková, L. M., Beblavý, M., & Thum-Thysen, A. (2015). Using online vacancies and web surveys to analyse the labour market: 



Journal of Infrastructure, Policy and Development 2024, 8(6), 4868. 
 

15 

a methodological inquiry. IZA Journal of Labor Economics, 4(1). https://doi.org/10.1186/s40172-015-0034-4 

Li, X., Zhang, Y., Sorourkhah, A., et al. (2023). Introducing Antifragility Analysis Algorithm for Assessing Digitalization 

Strategies of the Agricultural Economy in the Small Farming Section. Journal of the Knowledge Economy. 

https://doi.org/10.1007/s13132-023-01558-5 

Macalik, J. (2021). Do they even care? Start-up leaders’ attitude towards personal branding role in creating start-up performance. 

research assumptions (Lithuanian). Transform. Bus. Econ. 20, 969–988. 

Macalik, J., & Sulich, A. (2019). External employer branding of sustainable organizations. Proceedings of 6th International 

Scientific Conference Contemporary Issues in Business, Management and Economics Engineering ‘2019. 

https://doi.org/10.3846/cibmee.2019.054 

Martin, Š., Ondřej, G. (2017). Alternative evaluation of S&P 500 index in relation to quantitative easing. Munich Personal RePEc 

Archive, 5, 5–18.  

McGuinness, S., Pouliakas, K., & Redmond, P. (2017). How Useful is the Concept of Skills Mismatch? SSRN Electronic Journal. 

https://doi.org/10.2139/ssrn.2979934 

Napathorn, C. (2021). The development of green skills across firms in the institutional context of Thailand. Asia-Pacific Journal 

of Business Administration, 14(4), 539–572. https://doi.org/10.1108/apjba-10-2020-0370 

Nikoloski, D., & Pechijareski, L. (2017). The Unemployed Workers’ Perceptions of Stress and Employment Prospects in 

Macedonia: The Role of Alternative Adjustment Mechanisms. South East European Journal of Economics and Business, 

12(1), 68–79. https://doi.org/10.1515/jeb-2017-0007 

Nikoloski, D., Angeleski, M., Rocheska, S. (2018). Determinants of earnings in Macedonia: Assessing the difference between 

low-paid and highly-paid employees. Eastern Journal of European Studies. 9, 111–131. 

Nitschke, J., O’Kane, L., Taska, B., et al. (2021). Big Data for the Labor Market: Sources, Uses and Opportunities. APEC Secr. 

APEC Policy Support Unit 2021. 

OECD. (2017). Getting Skills Right: Skills for Jobs Indicators. Available online: https://www.oecd.org/els/getting-skills-right-

skills-for-jobs-indicators-9789264277878-en.htm (accessed on 12 December 2023). 

OECD. (2023). Assessing and Anticipating Skills for the Green Transition. 

Rani, S., Mishra, K. (2014). Green HRM: Practices and Strategic Implementation in the Organizations. Int. J. Recent Innov, 2, 

3633–3639. 

Renwick, D. W. S., Jabbour, C. J. C., Muller-Camen, M., et al. (2015). Contemporary developments in Green (environmental) 

HRM scholarship. The International Journal of Human Resource Management, 27(2), 114–128. 

https://doi.org/10.1080/09585192.2015.1105844 

Řihova, H. (2016). Guide to anticipating and matching skills and jobs: Using labour market information. Publ. Off. Eur. Union, 1. 

Sapanca, H. F., & Kanbul, S. (2022). Risk management in digitalized educational environments: Teachers’ information security 

awareness levels. Frontiers in Psychology, 13. https://doi.org/10.3389/fpsyg.2022.986561 

Siuta-Tokarska, B., Kruk, S., Krzemiński, P., et al. (2022). Digitalisation of Enterprises in the Energy Sector: Drivers—Business 

Models—Prospective Directions of Changes. Energies, 15(23), 8962. https://doi.org/10.3390/en15238962 

Sołoducho-Pelc, L., & Sulich, A. (2020). Between Sustainable and Temporary Competitive Advantages in the Unstable Business 

Environment. Sustainability, 12(21), 8832. https://doi.org/10.3390/su12218832 

Sołoducho-Pelc, L., & Sulich, A. (2022). Natural Environment Protection Strategies and Green Management Style: Literature 

Review. Sustainability, 14(17), 10595. https://doi.org/10.3390/su141710595 

Song, K., Kim, H., Cha, J., et al. (2021). Matching and Mismatching of Green Jobs: A Big Data Analysis of Job Recruiting and 

Searching. Sustainability, 13(7), 4074. https://doi.org/10.3390/su13074074 

Springer Nature. (2023). ESG Management of the Development of the Green Economy in Central Asia. In Popkova, E.G., Sergi 

B.S. (editors). Environmental Footprints and Eco-design of Products and Processes. Springer Cham. 

https://doi.org/10.1007/978-3-031-46525-3 

Stoevska, V. (2017). Qualification and Skill Mismatch: Concepts and Measurement. ILO Department of Statistics Geneva, 

Switzerland. 

Sulich, A. (2021). The green employer external branding. International Journal of Learning and Change, 13(4/5), 437. 

https://doi.org/10.1504/ijlc.2021.116657 

Sulich, A., & Sołoducho-Pelc, L. (2022). Changes in Energy Sector Strategies: A Literature Review. Energies, 15(19), 7068. 

https://doi.org/10.3390/en15197068 



Journal of Infrastructure, Policy and Development 2024, 8(6), 4868. 
 

16 

Sulich, A., & Zema, T. (2018). Green jobs, a new measure of public management and sustainable development. EUROPEAN 

journal of environmental sciences, 8(1), 69–75. https://doi.org/10.14712/23361964.2018.10 

Sulich, A., & Zema, T. (2023). The Green Energy Transition in Germany: A Bibliometric Study. Forum Scientiae Oeconomia, 

11(2), 175–195. https://doi.org/10.23762/FSO_VOL11_NO2_9 

Sulich, A., Sołoducho-Pelc, L., & Grzesiak, S. (2023). Artificial Intelligence and Sustainable Development in Business 

Management Context – Bibliometric Review. Procedia Computer Science, 225, 3727–3735. 

https://doi.org/10.1016/j.procs.2023.10.368 

Sulich, A., Zema, T., & Kulhanek, L. (2023). Towards a Secure Future: A Bibliometric Analysis of the Relations Between 

Cybersecurity and Sustainable Development. Procedia Computer Science, 225, 1448–1457. 

https://doi.org/10.1016/j.procs.2023.10.133 

Sus, A., Organa, M., & Hołub-Iwan, J. (2023). Effectiveness of Network Relations in Poland during the Economic Crisis Caused 

by COVID-19: Interorganizational Network Viewpoints. International Journal of Environmental Research and Public Health, 

20(2), 1178. https://doi.org/10.3390/ijerph20021178 

Tang, G., Chen, Y., Jiang, Y., et al. (2017). Green human resource management practices: scale development and validity. Asia 

Pacific Journal of Human Resources, 56(1), 31–55. Portico. https://doi.org/10.1111/1744-7941.12147 

Towards Industry 4.0 - Current Challenges in Information Systems. (2020). In M. Hernes, A. Rot, & D. Jelonek (Editors.), Studies 

in Computational Intelligence. Springer International Publishing. https://doi.org/10.1007/978-3-030-40417-8 

US Bureau of Labor Statistics Green Jobs Overview. Available online: https://www.bls.gov/green/overview.htm. 

Werna, E., Haddad, M.A., Ritter, E., et al. (2023). Green jobs and climate justice in the built environment: Lessons from 

American cities (1st Edition). CRC Press. 

Yüksel, S., & Dinçer, H. (2023). Sustainability analysis of digital transformation and circular industrialization with quantum 

spherical fuzzy modeling and golden cuts. Applied Soft Computing, 138, 110192. 

https://doi.org/10.1016/j.asoc.2023.110192 

Zhang, M., Wei, X., & Xu, A. (2023). Impact of investment in quality language education on green economic growth: case study 

of 23 Chinese provinces. Humanities and Social Sciences Communications, 10(1). https://doi.org/10.1057/s41599-023-

01976-5 

Zylfijaj, K., Nikoloski, D., & Tournois, N. (2020). The Impact of the Business Environment on the Formalization of Informal 

Firms. The Case of Kosovo. Südosteuropa, 68(4), 505–529. https://doi.org/10.1515/soeu-2020-0035 


