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Highlights 
The policies and strategies prioritizing employment opportunities and supporting social packages can lead 
to sustainable economic recovery. 
 
Abstract 
The study analyzes the labor market experience of European countries and evaluates the impact 
of unemployment rates, in-demand professions, and social packages on sustainable economic recovery. 
The authors use correlation-regression analysis and time-series analysis with Eviews 4.0 software package 
to identify trends and patterns in large amounts of data. The article's findings provide valuable insights into 
the labor market experience of European countries and can aid policymakers in developing sustainable policies 
and strategies for economic recovery, which can positively impact the European region. The economic impact 
of the article is significant, as it thoroughly analyzes European countries' labor market experience and evaluates 
the effects of various factors on sustainable economic recovery. By identifying the essential components 
of the labor market's structure and determining their impact on GDP, the article's findings can aid policymakers 
in developing sustainable policies and strategies for economic recovery, ultimately positively impacting 
the European region. The regional impact of the article is also noteworthy, as it focuses specifically on European 
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countries' labor market experience, making it particularly relevant to the region. By comparing individual 
European countries'. Positive and negative market features and providing comparative characteristics of labor 
market stakeholders, the article offers insights into the regional impact of the labor market on economic 
recovery. The article's evaluation of the impact of unemployment rates, in-demand professions, and social 
packages on sustainable economic recovery has social implications. The article suggests that policies 
and strategies prioritizing employment opportunities and supporting social packages can lead to sustainable 
economic recovery, ultimately benefiting individuals and society. 
 
Keywords 
Gross Domestic Product (GDP); in-demand professions; labor market; social packages; sustainable recovery; 
unemployment rates. 
 
Introduction  
The current state of Ukraine's economy has negatively affected the labor market [1,2]. Today, the institution 
of the labor market has almost been destroyed, and the issue of its effective functioning is becoming clear. First, 
it concerns the migration of the population to foreign countries, which led to a significant reduction 
in employment; another part of the population lost their jobs under the influence of the negative consequences 
of martial law. It is known that the labor market does not exist independently; it continuously interacts 
with the markets of production of goods, provision of services and other markets and institutions [3,4]. 
Therefore, secondly, the decrease in the population and the increase in unemployment also affected 
the reduction of the Gross Domestic Product (GDP) indicators of Ukraine in almost all sectors.  
 
The purpose of the study is to examine the factors affecting the labor market, which will allow identifying weak 
points in the economic system; drawing on the best practices of European countries will help identify trends 
for the gradual revival of the labor market, improve the socio-economic situation, and reignite interest among 
the population in Ukraine's revitalization. Issues of regulation, functioning and improvement of the labor market 
are at the center of the attention of states, scientists and other subjects of economic activity. Since they cover 
the employed and unemployed population (economically active population); establishing robust contractual 
regulations in the field of labor relations and harnessing the country's intellectual potential are crucial for driving 
the development and efficiency of the national economy [5]. These unique characteristics of the labor market, 
combined with the diverse processes occurring within each country's labor market, serve as vital foundations 
for the reconstruction, reorientation, and sustainable development of Ukraine's economy (or any state in a post-
crisis period). 
 
Methods 
In the article, the authors used both general scientific methods and special ones (Figure 1). Justify the use 
of special methods: 

▪ to gain the article’s goal, authors have chosen correlation-regression analysis as it allows considering 
the leading indicators of impact on GDP, identifying the most critical components of this structure 
and determining their effect on the performance indicator. The choice of GDP indicators for calculating 
the model is since it covers the final results of the production activity of economically active units 
of the labor market (labor force), which are reflected in the cost of manufactured goods and services 
provided for final use. Using this method, the authors can determine the most important components 
of the labor market's structure and their impact on the performance indicator (GDP), providing valuable 
insights into the labor market experience of European countries. Correlation-regression analysis also 
enables the authors to analyze large amounts of data and identify trends and patterns in the data, which 
would be challenging to do using other methods. Additionally, this method can help the authors to make 
predictions about future trends in the labor market, which is essential for developing sustainable 
policies and strategies for economic recovery. 

▪ since this article analyses European countries' labor market experience over time, time-series analysis 
is particularly relevant. The authors considered that using the Eviews 4.0 software package is also 
appropriate for this article's research. Eviews allows the authors to analyze large amounts of time-series 
data and identify trends and patterns in the data, making it a valuable tool for analyzing the labor market 
experience of European countries. Furthermore, Eviews provides a range of statistical tools and features 
that enable the authors to perform regression analysis and other types of econometric analysis. These 
features make it easier for the authors to identify the relationship between the different factors 
affecting GDP, such as unemployment rates, in-demand professions, and social packages. 
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The methodology of empirical and theoretical analysis of the labor market, which includes theoretical research  
and practical use, is presented in Figure 1.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Analysis of the peculiarities of scientific approaches and methods 
of labour market assessment. 
2. Collection and analysis of labour market statistical data by types of 
economic activity. 

3. Collection of statistical information regarding the evaluation. 
4. Identification of indicators for assessing the influence of essential 
factors on the labour market of Ukraine. 
5. Determination of the method of assessment of the constituent 
elements of the GDP of Ukraine. 

6. Assessing the constituent elements of GDP and evaluating their 
significance in economic indicators. 
7. Interpreting the assessment results to gain insights and 
understanding. 

The second stage 

The first stage 

The third stage 

Using methods 

– induction and deduction 
– scientific abstraction and 

specification 
– comparison 

– сollection and processing 
– analysis and synthesis 
– abstraction and concretization 
– inductions and deductions 
– correlation-regression analysis 

– quantitative analysis and synthesis 
– correlation-regression analysis 
– comparative advantages 
– qualitativeanalysis 
– economic experiment 

 
Figure 1. Research methodology. Source: Authors. 

 
Results  
The state of the labor market and employment processes are crucial socio-economic parameters 
that significantly influence social development and the competitiveness of the national economy. On one hand, 
the labor market is an integral part of the economic system, shaping the direction and pace of macroeconomic 
dynamics. On the other hand, it serves as a medium through which macroeconomic policies and developments 
impact the well-being of the population and various social processes [2,6]. Given recent events in Ukraine, 
the labor market is undergoing a transformation accompanied by negative consequences and trends. These 
include the emigration of labor force, mass mobilization of men during a full-scale invasion, declining labor 
productivity due to population demoralization, a rise in informal employment, and an increase in non-standard 
employment opportunities, among others. The primary criteria used to gauge the efficiency of the labor market 
are the economically active and inactive population, as well as the employed and unemployed individuals. (Table 
1). 
 
Table 1. Labor force aged 15-70 for 2018-2021. Source: Calculated by the authors based on [7,8]. 
 

Indicator  Population 
  
2018 2019 2020  2021 

Labor force (thousands of people) 17957.8 18155.7 17643.4 17321.6 

The level of participation of the population in the 
labor force (%) 

62.6 56.3 62.0 60.8 

Employed population, thousands of people 16408.5 16668.0 15974.4 15610.0 

Employment rate, % 57.2 51.7 56.1 55.7 

Unemployed population (according to the ILO 
methodology), thousands of people 

1549.3 1487.7 1669.0 1711.6 

Unemployment rate (according to the ILO 
methodology), % 

8.6 8.2 9.5 9.9 

 
Thus, after conducting an end-to-end analysis of the data of the State Statistics Service of Ukraine [8], during 
the studied period, there has been a concerning trend in the workforce numbers (18,155.7 thousand people 
in 2019 and a gradual reduction to 17,321.6 thousand people in 2021) is observed. Other indicators, such  
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as the number of employed populations, employment level, etc., show a comparable scenario. Considering 
the indicators related to unemployment levels during the relevant period, there has been a gradual increase 
in the number of unemployed individuals, following the International Labor Organization (ILO) methodology. 
In2021, the number of unemployed people reached 1,711.6 thousand, which represents an increase of 222.9 
thousand compared to 2019. This rise in unemployment can be primarily attributed to the unstable 
circumstances stemming from the implementation of quarantine measures during the Covid-19 pandemic. 
Furthermore, in relative terms, a corresponding analogy can be seen, with the unemployment rate rising from 
8.6% in 2018 to 9.9% in 2021. 
 
One of the most generalized characteristics of any country's economy is the population's employment level. 
This indicator reflects economic development, social and labor activity of citizens. The employment structure 
directly reflects the relationship between the production and consumption of goods. The need of any individual 
for social activity, social activity and satisfaction of material needs prompts the inclusion of a potential worker 
in the economic system. To date, the domestic labor market provides a significant range of vacancies for various 
types of economic activity (see Table 2 for more details). 
 
Table 2. Number of vacancies by types of economic activity, 2020-2022. Source: Calculated by the authors based on [1,7]. 
 

Number of vacancies, units 2020 2021 2022 Growth rate, % 

2021/2020 2022/2021 

 

Total: 829653 705816 325145 -14.93 -53.93 

Agriculture, forestry and fisheries 132416 113411 63403 -14.35 -44.09 

Mining and quarrying 12181 11037 5781 -9.39 -47.62 

Processing industry 142699 121496 61715 -14.86 -49.20 

Construction 31586 26324 9290 -16.66 -64.71 

Transport, warehousing, postal and 
courier activities 

53649 44667 21931 -16.74 -50.90 

Education 76675 65780 27971 -14.21 -57.48 

Health care and provision of social 
assistance 

50892 42029 21596 -17.42 -48.62 

Arts, sports, entertainment and 
recreation 

7568 7133 3007 -5.75 -57.84 

 
Thus, the data of the State Employment Service of Ukraine (Table 2) [7,8] show a notable decline in job openings 
across various sectors of the Ukrainian economy between 2020 and 2022. During this time, the labor market 
of Ukraine experienced the most difficult situation caused by the pandemic and military actions on the territory 
of Ukraine. ILO forecasts show that the unemployment rate will reach 15.5% in 2023. Thus, the agriculture 
and industry sector suffered the most significant losses, as evidenced by reduced business entities 
in the Ukrainian market. Also, the sphere of education and health care underwent substantial transformations, 
primarily caused by the reduction in the number of educational and medical institutions during the destruction 
of the infrastructure. A significant part of the workforce left the country due to unsatisfactory working conditions 
and, as the main priority, concern for their safety. The imbalance of labor supply and demand accordingly affects 
the reduction of GDP due to decreased production, forging and technical potential, professional and qualification 
trends, etc. It is important to evaluate the factors that contribute to the growth of different components 
of the economy. These assessments are crucial for strategic analysis, devising new strategies, and establishing 
competitive advantages at both the industry and national levels. We will build a correlation-regression model 
of the assessment of the constituent elements (in terms of the presented indicators) of the GDP of Ukraine 
to identify the most critical factors and provide suggestions (Table 3). We will build a correlation matrix 
of indicators and determine the magnitude and nature of the impact on the studied indicator of all other hands. 
Let's choose the following analytical dependence between the indicators: Y - dependent variable, Х1, X2, ..., Х12 - 
independent variables. The model specification is presented in equation 1: 
 

(1) 𝑌 =  а0 +  а1 𝑥1  +  а2 𝑥2 +  а3 𝑥3 + а4 𝑥4 + . . . + а𝑛 𝑥𝑛    
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where: 
а0, a1, а2, а3, …, аn - parameters of the model 
n - the number of factors of the linear model. 
 
Table 3. Indicators of GDP level assessment by components. Source: Calculated by the authors based on [1,7]. 

 

Value by indicators Specific weight of the industry in GDP 

 

GDP of Ukraine (dependent variable) Y 2018 2019 2020 2021 2022 

Specific weight of the agricultural sector 
(independent variable) 

Х1 10.1 9.0 9.3 9.5 9.8 

Specific weight of construction (independent 
variable) 

Х2 2.3 2.7 2.9 3.1 2.8 

Share of finance and insurance (independent 
variable) 

Х3 2.7 2.9 3.2 3.2 3.0 

Specific weight of IT-spheres (independent 
variable) 

Х4 3.9 4.6 5.4 5.9 6.1 

Specific weight of education (independent 
variable) 

Х5 4.5 4.3 4.3 4.5 4.4 

Specific weight of the transport sector 
(independent variable) 

Х6 6.4 6.7 6.3 6.9 6.5 

Specific weight of the real estate transaction 
(independent variable) 

Х7 5.8 6.1 6.4 6.8 6.2 

Specific weight of public administration and 
defense (independent variable) 

Х8 6.0 6.7 7.2 7.5 7.3 

Specific weight of trade (independent variable) Х9 13.3 13.2 14.0 14.5 15.3 

Specific weight of taxes (independent variable) Х10 14.7 14.8 15.0 15.2 14.8 

specific weight of industry (independent variable) Х11 21.3 20.7 19.0 20.2 19.7 

Share of other industries (independent variable) Х12 12.0 11.7 10.2 10.5 10.3 

 
The initial data for building the model are presented in table 3.  
 
In the first stage, we will check the model for multicollinearity. Let's combine the data into a correlation matrix, 
which measures the strength of the relationship between the selected factor values and the resulting indicator. 
The correlation matrix calculation makes it possible to draw a conclusion about the significant dependence 
between the performance indicator (Y) and the factor values. 
 
In the second stage, it is advisable to point out the dependence of the factor values on each other. Checking 
for the presence of the multicollinearity phenomenon necessitates the exclusion of some factors from 
the economic - mathematical model. It is advisable to use such an exception to the factor values X2, X3, X6, X7, X8, 
X10, X11, and X12, the value of the absolute value of the correlation coefficients of which >0.7, which, according 
to the Chaddock scale [9], characterizes a strong and, accordingly, solid connection between the factorial data 
values. In this case, we will conduct a regression analysis between significant indicators and factor values Х1, Х4, 
Х5, Х9, Х10. 
 
Furthermore, the model is built using the Eviews 4.0 software package. The constructed model has the following 
form: 
 

(2) 𝑌 =  2.620397021 ∗ 𝑥1 + 0.8543057437 ∗ 𝑥4 + 1.498573173 ∗ 𝑥5 + 0.6587120427 ∗ 𝑥9  
+ 1.218204845𝑒 − 05 ∗ 𝑥10 − 3.362485605 

 

 

In the third stage, we will check the indicators for importance. The initial data are presented in the table. 4. 
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Table 4. Output data for testing indicators for significance. Source: Calculated by the authors used Eviews 4.0. 

 

Variable Coefficient t-Statistic Prob. 
  

X1 => X1 2.620397021 167.7110 0.0126 

X4 =>X2 0.8543057437 9.565177 0.0714 

Х5 =>X3 -1.498573173 -20.2297 0.00210 

Х9=>X4 0.6587120427 217.7317 0.0019 

Х10 =>X5 1.218204845e-05 9.817612 0.0580 

R-squared 1.000000 
Adjusted R-squared 0.997978 
S.E. of regression 0.006721 
Durbin-Watson stat 2.121281 
F-statistic 4121.0 
Prob(F-statistic) 0.001312 

 
Let's check the significance of the regression. The obtained values of F-statistic = 4121.0 (> 100) and Prob (F-
statistic) = 0.0013, which are less than 0.05 and 0.01 (significance level) confirm the statistical significance 
of the regression as a whole and the adequacy of the model according to the Fisher test. The coefficient of paired 
regression R2 = 1.000000, which highlights a strong interconnectedness between the components. Hence, 
the average error of approximation is calculated according to equation 3: 
 

(3) А =
1

𝑛
∑ |

(𝑦−𝑦𝑥̃

𝑦
| ∗ 100    

 
Therefore, A = 1.52%. This model can be used because the average approximation error does not exceed 10%. 
Such a calculation can also be used considering other indicators, deepening the important indicators 
(employment, unemployment) of influence on the efficiency of the functioning of the labor market. Correlation-
regression analysis has identified the key sectors of GDP that require special attention and support from 
the government. These include agriculture, education, IT sector, trade, and taxes. The given technique 
is convenient enough to use since only official statistical materials are used in the calculations. 
 
Each country is distinguished from others by its socio-economic strategy, the inherent character of mentality, 
level of education, features of the cultural environment, etc. These primary factors form the basis of our own 
national model of the labor market. Social dialogue, which rages on the scale of a particular state, is an effective 
tool of state management, the main functions of which are to find acceptable ways of economic and social 
progress, increase the level of well-being and quality of life, social security, and a stable environment in society. 
Based on the given provisions, it acts as a catalyst for reforms and possible innovative solutions, primarily 
ensuring openness, transparency and cooperation between all possible sectors of the economy. The experience 
of foreign countries demonstrates a difficult path in forming a national model of the labor market. Today, 
the most influential factors exerting significant pressure on the European labor market are the globalization 
of the economy and, accordingly, regionalization. Each participant of the European market, against 
the background of strengthening the competitiveness of its participants, tries to adhere to the measures 
of the innovative economic development model. The global economic crisis remains the most influential factor 
in the labor market of European countries. Considering national specificities, resource, economic and other 
opportunities, each country forms its own model of the national labor market, which in turn is formed 
at the expense of the education system (training and retraining of personnel), the formation and filling of jobs, 
the system of material incentives, regulation of social and labor relations, etc. [1,4]. Each state adheres to its own 
anti-crisis policy regarding unemployment, employment, and the number of jobs, which is due to various models 
of regulating labor relations. In this course, each state has its inherent features of the labor market (see Table 5 
for details). 
 
The labor market, as the main core of resource markets, has an impact on political, economic and social life, 
the state and processes of which are transformed into the population's consciousness, ensuring social stability 
in society. Paying attention to the fact that Ukraine and many other countries are in complex, unstable social 
and political conditions, the need to study the experience of economically developed countries and analyze 
the information of the most critical stakeholders of the labor market increases. Among such essential  
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components, the level of unemployment, the definition of in-demand and in-demand professions, requirements 
for foreigners during employment, the social package and the average salary should be singled out (more details 
in Table 6). 
 
Table 5. Comparison of positive and negative market features of individual European countries. Source: Compiled 
by the authors according to the data [5,10–14]. 

 

Country Positive features of the market Negative features of the market 
 

Germany − the level of unemployment is low, 
especially among young people, which is 
connected with the dual apprenticeship 
system 

− Germany's labor market was almost 
unaffected by the Great Recession, 
especially in terms of total employment 

− the labor market remains quite 
challenging in international comparison, 
but the country manages to avoid many 
adverse side effects. 

− the tendency to prioritize academic 
education over professional training 
endangers the vital role of the dual 
apprenticeship system 

−  given the relatively high cost of labor, it 
is important that Germany remains 
productive and innovative 

− the return of protectionism. 

Switzerland − unemployment remains stably low 

− wage inequality remains low by 
international standards 

− there is no evidence that the main events 
of the last 15 years (the crisis in the 
Eurozone, the mass flow of refugees or 
the appreciation of the Swiss franc) have 
had a negative impact on the labor 
market. 

 

− unemployment among foreigners is more 
than twice as high as among Swiss 
citizens 

− the difference in wages between Swiss 
citizens and foreigners remains high, 
especially among men 

− the level of long-term unemployment 
increased and remained higher 

− notable regional disparities in both the 
proportion of the labor force and the 
levels of unemployment. 

Poland − the employment rate among persons 
aged 15-70 increased significantly 
between 2000 and 2016, while the 
unemployment rate decreased 
significantly over the same period 

− in 2016, the share of older adults in the 
labor force reached the highest level since 
1990 

− from 2000 to 2016, real wages increased 
by 54%. 

− since 2000, the number of temporary 
employments has more than doubled, 
and now Poland has the highest share of 
temporary jobs in the EU 

− the labor force share of older workers 
remains low compared to most 
developed countries 

− the reduction of the retirement age in 
2017 increases the decline in labor supply 
due to the ageing of the population 

− high gender pay gap. 

Spain − since 2014, there has been an increase in 
the level of employment 

− in 2018, gender gaps in workplace 
employment and temporary employment 
were smaller than before the recession 

− the overall level of temporary 
employment decreased after the Great 
Recession 

− slow growth of the share of employment 
of immigrants 

− reduction of overall monthly wage 
inequality and inequality in the lower half 
of the monthly wage distribution. 

− during the Great Recession, youth 
unemployment and long-term 
unemployment rose sharply 

− the share of men in the labor force 
decreased due to a sharp reduction in the 
participation of young men in the post-
crisis period 

− the level of temporary employment 
among young people has increased 
significantly 

− real wages fell during the recession and 
have not yet returned to pre-crisis levels. 
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Table 6. Comparative characteristics of labor market stakeholders. Source: Compiled by the authors according to the data 
[1,2,6,10,15–20]. 

 

Labor market stakeholders  Germany   Switzerland   Poland   Spain   Ukraine 

 

In-demand 
professions 

 

agriculture    + + 

tourist business    +  

industrial production   +   

unqualified specialists +   +  

the field of it technology + + + + + 

sphere of wholesale and retail trade   +  + 

media and telecommunications   +   

medical staff + +    

management positions  +   + 

financial sphere  +    

the field of education  +    

Undemanding 
professions 

specialists with higher education   + + + 

specialists without higher education + +   + 

Requirements 
for foreigners 
during 
employment 

registration at the labor exchange + + + + + 

job search on special sites with job 
announcements 

+ + + + + 

contacting the company directly + + + + + 

application to the employment service, 
which deals with employment 

+ + + + + 

residents + + + + + 

application to a private employment 
agency 

+ + + + + 

job search in newspapers and on 
bulletin boards 

+ + + +  

Social package work permit + + + +  

medical insurance, including against 
accidents 

+ +    

old age insurance + +   + 

Salary* rounded minimum/average, USD 2136/4100  4450/7430  830/1750  1300/ 2500  180/625  
* wage data cannot be directly compared, as taxes on it are very different 

 
By integrating the findings of economic and mathematical modeling with the analysis of European experience 
regarding labor market development, it becomes possible to identify priority areas and future prospects for 
economic and social growth in Ukraine (Figure 2). 

 
Figure 2 - Priority directions of economic and social growth of the labor market of Ukraine. Source: Own development.

Agricultural sector 

ІТ 

Education 

Trade 

Taxes 

Programs and 
projects of the 
government and 
representatives of 
EU countries 

Programs and 
projects of the 
Ukrainian 
government 
regarding the labor 
market 

Economic and social 
growth of the labor 
market of Ukraine 
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The proposed model consists of two blocks of factors; The first block of factors, the basic one, is equally 
characteristic of any country and consists of Education and Taxes. 
 
Education. 
As the most complex sector, the sphere of education has been undergoing changes and reforms for a long time. 
The complexity and importance of this component lie in the fact that it covers all the features listed above 
(agricultural sector, trade, IT sphere and taxes).It would be helpful for Ukraine to choose the experience 
of Germany as a foundation. First, it concerns the implementation of the dual education system. Dual education 
is built on the coordination of the interests of the educational and production spheres, which makes it possible 
to overcome the inconsistency between these spheres in personnel training. Applicants of higher education, 
professional and pre-higher education first receive basic knowledge of theoretical material. Then he gets practice 
according to the chosen speciality at the enterprise with which the educational institution has signed 
a cooperation agreement. The work of young specialists is paid according to the contract. Moreover, such 
practice can be carried out during the entire training period (3 days of studying theoretical material and 2 days 
of gaining practical experience at the enterprise). This educational approach carries dual importance, both 
socially and economically, as it guarantees an equilibrium between labor market demand and the availability 
of skilled workforce. Namely: every willing citizen gets a profession; convergence of the employment system 
with the education system is carried out, which will ensure a balance between the needs and interests 
of employers and young professionals; stimulation of pedagogical skills of teachers by the conditions 
of the employer aimed at the quality of education; the participation of enterprise representatives 
in the development of educational plans, compilation of the opus of the profession; to permanently attract 
foreign teachers-practitioners to teaching in Ukrainian educational institutions, etc. 
 
Taxes. 
Today, a simplified and general taxation system operates in Ukraine. In the last years of the announcement 
of the European choice in Ukraine, many steps have been taken to integrate the economy into the European 
space. Considering world practices and Ukrainian experience in conducting economic activity, Poland is the most 
optimal country for business scaling in European countries. Poland has long proven itself on the positive side. 
The Polish government continues supporting business registration and economic activity in the country. 
Economic entities of which can choose the appropriate form of taxation: Single tax - 19% (9% - in case 
of compliance with the profit limit of 2,000,000 euros); Tax on withdrawn capital/dividends - 19%; Personal 
income tax (PIT): 17% - up to 18,000 euros; 32% - more than 18,000 euros; The tax rate for a self-employed 
person is 20% [21]. Although revising tax preferences, expanding the tax base, and increasing tax revenues may 
not have a substantial impact on GDP growth, it is important to note that GDP growth leads to enhanced financial 
well-being, higher wages, and increased tax revenues. To achieve this, addressing the shadow economy, 
establishing transparent control systems, simplifying tax payment procedures for small and medium-sized 
businesses (which are highly adaptable to innovation and technology in the real economy), implementing 
a progressive tax distribution among taxpayers, and reducing unwarranted benefits are crucial steps. 
In the previous phase, combating the surplus of labor present in nearly all sectors of Ukraine's economy requires 
implementing strategies to reorient enterprise activities. Additionally, the state should aid and support 
businesses by temporarily easing fiscal policies [5]. A priority vector of social policy will contribute to keeping 
the economy afloat by supporting the population's purchasing power. The second block, identified 
by us with the help of correlation analysis, is the most critical factors (agrarian, IT and trade sectors) that can 
most effectively and quickly help in the sustainable renewal of the country.  
 
Agrarian sector.  
The agricultural sector, which forms the socio-economic conditions of agricultural development, and creates 
economic, food and environmental security, has always been considered a city-forming branch of the economy 
of Ukraine. Agro-industrial regions include Odesa, Kherson, Mykolaiv, Dnipropetrovsk, Kharkiv, Cherkasy, 
Kirovohrad, Poltava, Sumy regions, and others [22]. The specified regions need a workforce of specialists 
in the agro-industrial complex. One of the key socio-economic objectives for the state in ago-complex 
development is to support farmers through various means.  
 
This includes initiatives such as modernizing agricultural machinery by attracting investments from EU countries, 
implementing development programs with the involvement of the Ukrainian government and investor countries, 
enhancing living conditions through increased wages for rural populations, fostering interest among young 
people in pursuing agricultural professions (through educational system reforms), and consequently increasing  
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the workforce and elevating the significance of rural production. These efforts aim to raise the share 
of the agricultural sector within the overall GDP. 
 
IT sphere.  
Currently, information technology stands out as one of the most promising industries worldwide. As indicated 
in Table 5, the IT sector holds the highest relative importance in terms of the total GDP and national income 
of the state. It is characterized by lucrative compensation levels, fosters innovation, and generates employment 
opportunities. But in the conditions of the state of emergency, previous crisis phenomena in the country, 
reduction in demand for services and outsourcing of companies to European countries (high level of taxation 
of T companies and FOPs), there is an outflow of highly qualified personnel from abroad. The low level 
of education in the training of specialists is considered an equally important reason for the reduction of GDP 
in the IT sector. Hence, as part of education system reform, it is crucial for the state to focus on enhancing 
the quality of vocational training for specialists in the field of information technology. On the part of interested 
business entities, pay attention to the constant improvement of workplace qualifications, etc. Because if Ukraine 
focuses only on the agro-raw material economic development model, it will lead to the complete "organization" 
of the state. And Ukraine must develop in the direction of technological and digital transformation. 
 
Trade.  
The trade sector in the structure of Ukraine's GDP is approximately 13 - 15%. The predominant share of export 
goods is ferrous metals, about 20%; Ore - 11%, Other goods almost 30%; grain (corn, oil, wheat), oil, electric 
machines, etc. The state of war in Ukraine naturally changed the structure of exports of ferrous metals due 
to the destruction of industrial capacity in Mariupol. Therefore, the question of reproducing the export of ferrous 
metals is open until the war's end. In this case, targeted attention must be paid to the development 
and strengthening of the industrial sector and the agricultural sector. The aforementioned points outline 
the directions for the development of the agricultural sector. In summary, the conducted research underscores 
the importance of implementing a post-war recovery plan to sustain the economy. This plan should incorporate 
approaches, methods, and experiences from EU countries that promote efficient economic and labor market 
functioning, leading to social and economic benefits. 
 
Discussion 
A feature of the article is the use of the correlation-regression analysis method, which allows for considering 
the leading indicators of the impact on GDP, identifying the essential components of this structure 
and determining their effect on the performance indicator. Suppose correlation-regression analysis is quite 
a widespread technique in this kind of article [23–26]. The novelty of the study is the selection of the GDP 
indicator for the calculation of the model, due to the fact that it covers the final results of the production activity 
of economically active units of the labor market (labor force), which are reflected in the cost of manufactured 
goods and services provided, for final use. GDP as a summary indicator was used not long ago, but studies [27] 
show that the labor market choice is very justified. GDP is the main indicator that makes it possible to eliminate 
most of the shortcomings of existing studies, namely the limited scope of the analysis [28,29] and the lack 
of a comprehensive assessment of the labor market experience of European countries [27,30]. By utilizing GDP 
as a comprehensive measure of production activity across economically active entities, the article offers a more 
comprehensive and precise depiction of the labor market experiences of European countries. 
 
Impact 
Economic Impact. 
The study provides a comprehensive analysis of the labor market experiences in European countries, thoroughly 
examining the impact of different factors on sustainable economic recovery. Using correlation-regression 
analysis and time-series analysis with Eviews 4.0 software package, the authors could identify the most essential 
components of the labor market's structure and determine their impact on the performance indicator (GDP). 
The article's findings can be valuable in developing sustainable policies and strategies for economic recovery, 
which can ultimately positively impact the European region. 
 
Regional Impact. 
The article focuses specifically on European countries' labor market experience, making it particularly relevant 
to the region. By comparing individual European countries' positive and negative market features and providing 
comparative characteristics of labor market stakeholders, the article offers insights into the regional impact 
of the labor market on economic recovery. 
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Social Impact. 
The article's evaluation of the impact of unemployment rates, in-demand professions, and social packages 
on sustainable economic recovery has social implications. The article suggests that policies and strategies 
that prioritize employment opportunities and support social packages can lead to sustainable economic 
recovery, ultimately benefiting individuals and society. 
 
Conclusions 
Ukraine and the European world live in an era of crisis phenomena, unforeseen events, changes 
and modernizations. The labor market does not become an exception in terms of globalization processes. 
As Ukraine is still in the early stages of forming a market economy, it requires effective mechanisms for state 
regulation of the labor market to address pressing issues amidst an unstable socio-economic and political 
environment. Currently, Ukraine is undergoing decentralization of the state administration system, making 
the experience of European countries and the functioning of their labor markets highly relevant for domestic 
practices. By examining foreign labor market models and delving into European practices it becomes evident 
that the experiences of these countries can serve as a valuable reference in shaping policies for unemployment 
and employment regulation. Furthermore, studying European practices offers insights into potential prospects 
for labor management in Ukraine. Therefore, a systematic analysis of various aspects of the labor market will 
allow identifying significant indicators and relevant directions for restructuring economic processes 
and phenomena using correlation-regression analysis. The study of the practical experience of European 
countries will allow us to identify the positive and negative aspects of foreign experience, consider peculiarities 
and choose a scenario and integrate into the socio-economic environment of the state to ensure post-war 
economic and social development. 
 
Limitations of the study 
Some limitations of the study should be noted: 

▪ the study focuses specifically on European countries' labor market experience and may not be directly 
applicable to other regions or countries outside of Europe. The findings should be interpreted within 
the context of the European labor market. 

▪ the study's analysis is based on a specific timeframe, and the labor market experiences, and recovery 
strategies may vary over time. The findings may not capture the long-term dynamics or future trends 
in the labor market, potentially limiting the relevance of the conclusions for future policy-making. 
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Highlight 
Diversity in the workplace can lead to higher employee performance. 

 
Abstract 
Employees from diverse backgrounds have been claimed to perform better; nevertheless, this link has been 
studied sparingly in the Egyptian setting. This paper addresses this gap by experimentally analyzing the link 
between employee performance and gender, educational background, and ethnic background. To investigate 
this link, a usable model was created, and data was collected from 269 academic staff members at private 
Egyptian institutions. PLS analysis was used, and the result revealed that educational and ethnic backgrounds 
have a positive effect on employees’ job performance whereas, the impact of gender background on employee’s 
job performance was found to be insignificant. Furthermore, the research findings disclose that the education 
and ethnic background of the employees mediates the relationship between employees’ job performance 
and gender diversity. Future research is yet to validate these results.  
 
Keywords 
diversity; job performance; gender; education; ethnicity. 
 
Introduction  
A major move is happening in the world economy because of advancements in transportation 
and telecommunications technology, cross-border trade and investment obstacles are being erased. In other 
words, the world is turning into a global village because of globalization [1]. Hence, the recent workforce 
is becoming more diverse in its composition than it was before. Thus, with the rising variety of the workforce, 
diversity management has become a topic of academic and practical concern [2]. Organizations need to pay 
greater attention to diversity management as it became a potentially valuable resource [3]. Diversity is gaining 
recognition and respect. It entails realizing that every one of us is unique and appreciating our particular 
peculiarities [4]. Mousa [5] denotes that diversity is the condition of being different. Furthermore, defines 
diversity in the workplace as any disparities between people in terms of sexual orientation, gender, age, cultural 
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background, education, job experience, and religion [6]. Workforce diversity from diverse backgrounds 
and ethnic backgrounds generates opportunities for greater creativity and more innovative solutions [7].Thus, 
workforce diversity can be considered a competitive advantage for organizations [8]. Although organizations 
participate in diversity management to ensure that there is no discrimination based on age, color, gender, 
handicap, ethnicity, or religion, and diversity management isn't merely another name for affirmative action 
or a problem of equal employment opportunity. Diversity management involves identifying, being open to, and 
exploiting individual differences to build a positive environment in the workplace [9]. The significance of diversity 
management is increasing as it has a major effect on organizational outcomes, including the individual and 
organizational level [10]. Managing diversity in an organization encompasses managing individual differences, 
facilitating the success of employees in performing the job, to build a work environment in which employees feel 
valued in their jobs [11]. Organizations that managed and encouraged diversity were reported to have a positive 
impact on employee performance, creativity, and satisfaction [12–14]. Furthermore, evidence indicates that 
diversity management practices may have a positive impact on employees’ organizational citizenship behavior 
and that human resources management acts as a mediator in this relationship [15]. Nevertheless, Asia and Far 
East Area, the Middle East, GCC region have received less consideration in the literature on diversity 
management, in comparison to Western countries. The studies on how inclusion and diversity problems are 
overseen, in emerging economies, are scarce [16]. Egypt has proven to be an important place for many 
international businesses [17]. It is now very popular to find business specialists who are fluent in multiple 
languages, though coming from a highly diverse background in training and education [18]. However, diversity 
management has not been paid enough attention in Egypt. Diversity management may be new 
to the organization in Egypt and researches on diversity is still at an early stage [19]. As a result, managers must 
recognize the necessity of managing diversity in the workplace in order to achieve the desired results. Hence, 
this study fills this gap and investigated the effect of educator’s workplace diversity on job performance in private 
educational institutions in Egypt.  
 
The study aims to answer the following research questions: 

▪ RQ1: what is the relationship between employee performance and gender?  
▪ RQ2: what is the relationship between employee performance and ethnicity? 
▪ RQ3: what is the relationship between employee performance and education? 

 
To answer the above research questions and test the relationships between gender background, educational 
background, and ethnic background with the employee’s performance, a quantitative data analysis approach 
was used. A field study was conducted based on data collected from private universities in Egypt. The data were 
analyzed using Partial Least Square (PLS) software package. The rest of this paper is organized as follows. Section 
2 provides the research background. Section 3 discusses the research model and hypotheses development. 
Section 4 discusses the method. Section 5 discusses the study findings. Section 6 discusses the findings 
and limitations of this study. Section 7 discusses the impacts of this study. Section 8 concludes the paper. 
 
Research Method 
Research Background 
Due to globalization and interaction between people with different ethnicities, origins, beliefs, and backgrounds, 
cultural diversity became an expanding trend [20]. The growing trend of workforce diversity among ethnic, racial, 
and gender emergence, as well as the increase in the percentage of workforce below the age of 30 years 
and above the age of 55, had many implications for companies and employees. This was triggered 
by the insensitivity in culture, differences in language, and the increasing percentage of women in the workforce. 
Diversity is not limited anymore to Western countries such as the USA and UK, however now it became familiar 
to all parts of the world, and its existence [21].  
 
The focus on individual differences created the challenge of achieving workforce unity and nurturing this diversity 
to increase employees’ performance [22]. Several studies focused on the performance aspects from 
a competency’s deficiencies perspective due to the various models of performance that stress skills, knowledge, 
and attitudes for doing the job in the best and most efficient manner [23]. This is because managing diversity 
takes use of cultural variations in people's talents and inventiveness to gain a competitive advantage [24]. Job 
performance can be referred to as an individual’s behavior of his productivity level and job-related outputs 
compared to others at work [25]. In other words, job performance is the input and participation of an employee 
or a group toward achieving the objective of the organization [26]. Factors that affect employees’ performance 
can be grouped into many segregations, such as factors related to the work environment, administrative factors, 
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stress, and personal factors [27]. Diversity creates harmony in the work environment across the team members 
and cooperation to get the work done. When the members understand and accept each other regardless 
of the individual differences, they will be able to make good use of their accumulated knowledge and experience 
[12], which in turn will boost creativity and performance [28]. If diversity dimensions are considered individually, 
we can suggest that age diversity is positively associated with employees’ job performance [29]. According 
to several research, there is a link between gender diversity and performance and some showed a negative effect 
[30,31]. On the other hand, other studies revealed a negative relationship between job performance 
and diversity [32].  
 
Table 1. Summarizes the findings of similar previous studies. Source: Authors. 

 

Study Findings 
 

[33] There is a strong link between job performance and diversity (gender and ethnicity). 

[34] In universities and other businesses, excellent workplace performance has a favorable influence 
on criteria such as race and education. To be competitive, businesses should address these 
demographic groups. 

[35] Job performance is favorably and strongly connected to gender and ethnic diversity. 

[36] Age, educational background, yearly income, mother tongue, languages spoken and written, kind 
of schooling, and the sort of family structure in which the respondents reside all have an influence 
on work performance. 

[37] Job performance is unrelated to the variety of the workforce (i.e., age, gender, ethnicity, 
education, and experience). None of the dimensions of diversity investigated in this study have 
a substantial influence on employee performance. 

[38] Ethnicity, in the case of personnel in Pakistan's banking sector, has an extremely substantial 
beneficial influence on their performance and productivity. Employee performance is influenced 
by educational diversity in a favorable and meaningful way. In this study, all of the independent 
factors had a substantial influence on the dependent variables. 

[39] Individual performance was examined in relation to diversity management (individual attitudes 
and behaviors, organizational values and norms, administrative practices and policies), job 
satisfaction (general, intrinsic, and extrinsic job satisfaction), and job satisfaction (general, 
intrinsic, and extrinsic job satisfaction). The study discovered strong beneficial links between 
diversity management and work satisfaction, as well as individual performance. 

[40] The impact of diversity on job performance is negligible. Furthermore, ethnicity had no impact on 
performance. Furthermore, there was no gender discrimination in the recruiting and recruitment 
process. The findings revealed that educational background had little impact on job performance. 

[29] When classified by gender, age, and educational level, the various tests of hypotheses revealed 
a substantial level of relationship between performance and productivity levels. 

 
Research Model and Hypotheses 
This paper aims to study the impact of diversity background on job performance by investigating if gender 
background affects job performance (RQ1) if Ethnic background affects job performance (RQ2) and if educational 
background affects job performance (RQ3). Following the hypotheses, generation is discussed. Figure 1 illustrates 
the research model and hypotheses. 
 

 
Figure 1. Research model. Source: Authors. 
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Relationship between Gender Background and Job Performance. 
One of the facets of diversity in organizations is gender. Gender diversity has become a key challenge 
for organizations [19]. The rise in workforce gender diversity in the workplace has concerned both scholars 
and practitioners, which has raised the issue of whether workforce gender is associated with individual or group 
performance [41]. Gender diversity is concerned with the equal representation of males and females 
in the workplace [42]. Compared to 80 percent of males, only 54 percent of working-age females are 
in the workforce worldwide. In addition, females keep on dominating the ‘invisible care economy’ that involves 
caregiving and domestic work. While an increasing number of females are getting paid jobs, the majority of fresh 
employment in developed nations are in part-time jobs, whereas in developing nations, women are mostly 
working in the informal sector and home-based work. Moreover, females are paid 20–30% less than males 
and occupy only 1% of leading locations [43]. Many companies tend to employ men as they consider men 
perform better and have the ability to handle their jobs while women are stereotyped against them [18]. Gender, 
in management, has a U-shaped association with organizational effectiveness, according to certain research. 
For instance, showed in their study that gender diversity in management has a U-shaped relationship with 
company productivity [44]. On the other side, other evidence revealed that a high amount of diversity has 
a detrimental impact on group functioning and organizational success [45]. 
 
However, gender diversity is a major aspect that has an impact on the performance of employees [46]. 
For instance, In the Jordan context investigated the impact of worker diversity on job performance in hotels [41]. 
Diversity, which includes gender, age, nationality, and educational background, was found to have a beneficial 
impact on job performance [41]. Furthermore, emphasizes that gender diversity encourages economic returns 
through increasing productivity [47]. Moreover, according to Frink D. et. al [48] there is an association between 
gender diversity and organizational performance. They found that higher organizational performance 
is correlated with a more equal gender composition than proportional domination by either gender [48]. Also, 
as indicated by Brown S.L. [49] a substantial amount of diversity stays ineffectual if gender problems are not 
addressed. The challenge is first to effectively overcome the idea that women and men are not equal [49]. 
Consequently, we propose  

▪ H1: There is a significant relationship between gender background and employee performance. 
 
Relationship between Ethnic Background and Job Performance. 
In an increasingly globalized world, ethnic diversity is highly significant. It is a part of life at present. Languages, 
faiths, ethnicities, and civilizations are all examples of ethnic variety [50]. One study found that ethnic diversity 
had no relation with client satisfaction, sales revenue, sales success, and client trustworthiness [12]. However, 
found that when compared to homogenous groups, racially diverse groups performed worse [51]. Also, revealed 
that group members who were different in ethnic background from other group members have less intent 
to remain, have a low psychological organizational commitment, and have the chance to be absent from 
the group [52]. On the contrary, because of a more diversified pool of skills and information that leads 
to complementary and shared learning, ethnic diversity was seen as having a beneficial influence on team 
performance [50]. There is also evidence that regards ethnic diversity has a positive impact on efficiency, 
creativity, market share, and sales [53]. Other evidence shows the positive effect of ethnic diversity 
on the performance of the oil and gas business interdisciplinary teams [45].  
Consequently, we propose 

▪ H2: There is a significant relationship between Ethnic background and employee performance. 
 
Relationship between Educational Background and Job Performance 
Studies indicate that employers typically do not recruit workers whose training, work experience, or level 
of education is deemed inadequate for a particular job role. This indicates that finding a job and performing well 
depends on having suitable educational background [54]. Furthermore, according to Hickman D.C. [55], 
the productivity of employees is associated with the level of education. In other words, employee productivity 
increases with the increase in the education level [55]. Another study found that different levels of schooling 
might lead to varied wage rates. For example, employment accessible to persons with practical experience 
but no formal education may differ from those open to those with a formal education [56]. Likewise, Choi et al. 
[12] found a significant relationship between the education level and financial growth. Significant evidence 
indicates a significant relationship between educational diversity and job performance. For instance, revealed 
that educational background diversity is positively associated with team performance since it encourages 
extensive scope of cognitive skills [57]. Moreover, demonstrates a positive effect of educational background  
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diversity on employee performance [18]. On the other hand, other evidence indicates a negative relationship 
between education diversity and employee performance. For instance, revealed that education diversity within 
a team is negatively associated with the performance level of the team [58]. 
Consequently, we propose 

▪ H3: There is a significant relationship between educational background and employee performance. 
 
Research Process 
In this article, we investigated the links among the research model constructs using a quantitative technique. 
Figure 1 depicts the research model. To examine these connections, we created a survey questionnaire. 
According to Gable G.G. [59], the survey technique is recommended to investigate and validate relationships 
between several constructs or variables across a large population. Moreover, more information can be achieved 
using the survey technique than using other techniques such as observation, which may help researchers 
to generalize their findings to the whole study’s population [60]. 
 
A close-ended questionnaire was employed for data collection from faculty members in private teaching 
institutions in Egypt. Two main sections were included in this questionnaire; demographic and job performance. 
In the demographic section, we asked the respondent to provide their age, job title, experience in the institution, 
and gender. In the job performance section, the respondent was asked to answer several questions that cover 
their ethnic background, gender background, educational background, and job performance. A five-point Likert 
scale was used (i.e., 1 = strongly agree, 2 = agree, 3 = neutral, 4 = disagree, and 5 = strongly disagree). We included 
the “neutral” point since it does not have any drawbacks on the scale and it may decrease the bias in respondents’ 
answers since it does not force them to either choose a positive or negative answer [61]. We conducted a face 
and content validity to the questionnaire to ensure that the survey meets accuracy and reliability requirements 
[62]. The questionnaire was forwarded to four academics to assess content validity (i.e., three assistants, one 
associate, and one full professor teaching management and human resource subjects. This was important 
to achieve the final agreement on the items that should be considered in this questionnaire as well 
as the accuracy of these items [59]. The questionnaire was submitted to three Ph.D. students to check face 
validity. This was done to test the required time to complete the questionnaire as well as provide us with any 
criticism. Moreover, this is necessary for the other aspects such as the understandability, readability, format, 
and terminology applied in the questionnaire [59]. Based on the evaluation feedback, the questionnaire was 
updated. 
 
We used snowball sampling in a pilot study to evaluate and improve the survey questionnaire [63]. Based 
on the first author's contacts, the questionnaire was directed to seven participants. The selected respondents 
were based on the predefined unit of analysis (i.e., an academic teacher who works in a private university 
in Egypt). We asked respondents to answer the survey and offer feedback on how to improve it or if they had 
any issues completing it. Based on their feedback, we further revised the questionnaire and applied the required 
changes. 
 
Participants 
We targeted the teaching role in the institution that includes teaching assistant, assistant professor, associate 
professor, and full professor. The survey was conducted between July 2020 and August 2020. The survey 
questionnaire was sent to potential respondents in private institutions in Egypt. We targeted 200 or more 
complete surveys [64]. Accordingly, we sent the survey questionnaire to 450 potential respondents. 
The questionnaire was made available online using the Survey Monkey tool. The questionnaire link was sent 
to potential respondents through emails and messages on LinkedIn. The online-based survey was favored over 
other techniques such as in-house or telephone surveys since it gives the respondents enough time 
and completes it at their preferable times. No personal questions were included in the questionnaire such 
as the respondent or organization names. A total of 316 surveys were returned, achieving a 70 % survey response 
rate. We have prepared the data collected for analysis by conducting cleaning, missing data, and multi-screening 
processes [64].  
 
The preparation process resulted in the exemption of 47 surveys due to the incompleteness of the answers 
of more than 10 percent, as recommended by Hair et al. 2010. Accordingly, the total usable responses were 269, 
which is well above the required sample size (i.e., 200 responses) that is recommended in PLS-SEM [64].  
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Data Analytical Approach 
We used the Partial Least Square-Structural Equation Modeling (PLS-SEM) for data analysis. PLS-SEM provides 
a comprehensive multivariate analysis that includes a measurement model and structural model. 
The measurement model measures the association between data gathered from the survey and the latent 
variable. The structural model measures the strength of the relationship between the latent factors 
and the association between exogenous and endogenous variables at once rather than doing it separately [65]. 
 
Measures 
Gender background (Gen) was measured by five items that were adapted from [66]. These items measure 
the extent to which different genders are treated differently in the job environment. Education background (Edu) 
was measured by three items that were adapted from [40]. These items measure the degree that different 
educational levels are treated differently in the job environment. Ethnic background (Eth) was measured by four 
items that were adopted from [18]. These items measure the extent to which how different Ethnic background 
groups may be treated differently in the job environment. Job performance (Perf) was evaluated through four 
items [67]. These items measure the degree that employees are convenient about the performance of their job. 
 
Results and Discussion 
Demographic Profile of Respondents 
The respondents’ demographic characteristics are listed in Table 2. These include age, job title experience 
in the same institute, and gender. Most of the respondents (70%) were aged between 18-38 years. The majority 
of respondents (54%) were associate professors, and the majority (55%) were female. 
 
Table 2. Respondent demographics. Source: Authors. 
 

Characteristic Frequency Percentage % 
 

Age  18 - 30 189 70 

30 - 39 46 17 

40 - 49 29 11 

50 - 59 5 2 

Job title Teaching assistant 36 13 

Assistant professor 64 24 

Associate professor 145 54 

Full professor 24 9 

Number of years in the 
institution 

0 - 10  92 34 

11 - 15 92 34 

16 - 20  36 13 

Over 20yeras 51 19 

Gender Female 149 55 

Male 120 45 
 

The non-response rate may represent an issue in data analysis. To ensure nonresponse was not an issue, 
we followed the recommendation by Sivo et al. [68], and split the sample into the initial group and secondary 
group. We used demographics to compare the replies of the two groups. The results of the test revealed 
no significant differences between the two groups, indicating that nonresponse bias is unlikely to be a major 
issue. Another issue related to data is the common method bias issue. Following recommendations by MacKenzie 
et al. [69], we conducted Harman’s one-factor test statistically, which showed that the most covariance explained 
by one factor was only 33 percent (i.e., none of any solo aspect that could elucidate a large quantity 
of discrepancy). Hence, this issue does not represent a risk to the dimension validity. Moreover, the items that 
relate to one construct were dispersed among the questionnaire and not grouped to minimize the common 
method biases [63]. 
 
Measurement Validation 
All indicators of Gender background, educational background, Ethnic background, and job performance were 
displayed as reflective indicators that are initiated by their latent concepts [65]. We used the SmartPLS 3.0 
software [70] to validate the measurement model We conducted construct validity and reliability tests for all 

https://doi.org/10.32933/ActaInnovations.49.2


Acta Innovations • 2023 • no. 49: 17-30 • 23 

 
 

https://doi.org/10.32933/ActaInnovations.49.2 • ISSN 2300-5599 • © 2023 RIC Pro-Akademia – CC BY 

  
 

items. The results revealed a satisfactory level and hence all items were valid and reliable. Following 
the recommendation of Hair et al. [65], four values were estimated to validate the measurement model. To begin, 
individual indicator dependability refers to the extent to which a measurement item is devoid of random 
mistakes and produces steady and consistent findings across time [71]. Second, the internal consistency of the 
measured reliability was measured using Composite Reliability (CR) and Cronbach Alpha (α). Third, the 
convergent validity (i.e., the degree to which one measure of a construct correlates favorably with other 
measures of that construct) [71]. Fourth, the discriminant validity of a notion relates to the extent to which it is 
distinct from others [71].  
 
First, the outer loadings of each item on its corresponding latent construct were used to examine the indicator 
reliability of reflective items, which is recommended to be more than the 0.5 and 1.96 of t-statistical value [65]. 
Table 3 shows the loading of each item as well as the cross-loading with other items. Since all outer loading was 
above the recommended values, indicator reliability was supported. 
 
Second, as indicated in Table 4, all components scored higher than the suggested value of 0.70 for CR. Third, 
we tested the Average Variance Extracted to see if it was convergent (AVE). All of the AVEs were higher 
than the acceptable value of 0.50 [65]. Finally, we assessed the discriminant validity by testing the indicators’ 
cross-loadings and the Fornell and Larcker criterion [65]. First, the cross-loadings of the indicators demonstrate 
that no indicator has a stronger weight on the opposing endogenous constructs (see Table 3). Second, the square 
root of each construct's AVE value should be bigger than its greatest correlation with any other construct, 
according to the Fornell and Larcker criteria. The square root of the AVE score is represented by the numbers 
along the diagonal in bold type, while the off-diagonal elements indicate correlations among latent constructs. 
The square root of AVE is larger than the variance shared by each construct and its opposing constructions 
in all circumstances, as seen in Table 4. Accordingly, discriminant validity requirements of all constructs were 
achieved. 
 
Table 3. Construct indicator; loading and cross loading; *P < .10, **P < .05, ***P < .01. Edu = educational background, 
Eth = Ethnic background, Gen = gender background, and Perf = job performance. Source: Authors. 
 

  
Education Ethnic Gender Performance 

  
Edu1 0.926*** 0.274 0.306 0.341 

Edu2 0.889*** 0.240 0.294 0.310 

Edu3 0.875*** 0.243 0.201 0.311 

Edu4 0.589*** 0.308 0.230 0.436 

Eth1 0.225 0.820*** 0.367 0.328 

Eth2 0.304 0.789*** 0.347 0.317 

Eth3 0.147 0.684*** 0.222 0.309 

Eth4 0.335 0.815*** 0.359 0.336 

Gen1 0.278 0.262 0.857*** 0.247 

Gen2 0.197 0.522 0.658*** 0.269 

Gen3 0.201 0.127 0.749*** 0.167 

Gen4 0.234 0.272 0.580*** 0.188 

Gen5 0.276 0.234 0.886*** 0.251 

Perf1 0.376 0.384 0.261 0.898*** 

Perf2 0.341 0.358 0.229 0.877*** 

Perf3 0.248 0.215 0.293 0.542*** 

Perf4 0.308 0.223 0.133 0.551*** 
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Table 4. Composite reliability (CR), average variance extracted (AVE). Source: Authors. 
 

Latent Construct α CR AVE Education Ethnicity Gender Performance  

Education 0.838*** 0.897*** 0.690*** 0.831 
   

Ethnicity 0.782*** 0.860*** 0.606*** 0.331 0.779 
  

Gender 0.807*** 0.866*** 0.570*** 0.32 0.422 0.755 
 

Performance 0.693*** 0.818*** 0.543*** 0.436 0.413 0.313 0.737 
 

Test of the Structural Model 
To test the significance of the relationships among all constructs, we run the PLS algorithm and the bootstrapping 
procedures using the following criteria [65] : path coefficient, coefficient of determination (R2), the mediation 
effect of gender background, and effect size for each track model (Cohen’s f2).  
 
First, the path coefficients that represent the strength of the relationships (B value) between variables should 
be significant and in line with the intended directions to ensure the relationship between two constructs exists 
[65]. Figure 2 shows the path coefficients and the significance for each path. One hypothesis was found not 
supported (B=-0.100, p=0.114, T=1.585) which is the effect of gender background on job performance (H1). 
The other two hypotheses were found supported; the effect of ethnic background on job performance (H2) 
was found significant (B=0.316, p<0.01, T=5.279), and the effect of educational background on job performance 
(H3) was found significant (B=0.267, p<0.01, T=3.906). Moreover, we tested if there are direct relationships 
between gender and ethnicity, and education. The findings show significant relationships such that the effect 
of gender background on the educational background (H1) was found significant (B=0.320, p<0.01, T=5.060), 
the effect of gender background on the ethnic background (H2) was found significant (B=0.422, p<0.01, T=8.227). 
 
Second, the fundamental criterion for evaluating the inner model is R2, which relates to the model's prediction 
accuracy and indicates the combined effects of the independent (exogenous) latent variable on the dependent 
(endogenous) latent variable [65]. An acceptable R2 with 0.25, 0.5, and 0.75, describing small, considerable, 
modest, or strong levels of predictive accuracy, respectively [65]. Gender background explains 10.2 percent 
of the variance in educational background and 17.8 percent of the variance in ethnic background, which both 
can be described as weak predictive accuracy. Gender background, educational background, and ethnic 
background collectively explain 27.9 percent of the variance in job performance, which can be described 
as moderate predictive accuracy. 
 
Third, we check the mediation role of gender background on the relationships between educational background 
and ethnic background with job performance. This was done by following the recommendation of Zhao et al. [72] 
where the indirect effects (i.e., gender background * educational background and gender background * ethnic 
background) should be significant if the gender mediates the effect of educational background and ethnic 
background on job performance [72]. We look for the direct effect if the indirect effect is significant. We have 
complementary (partial) mediation if the direct effect is considerable; however, we only have indirect (full) 
mediation if the direct effect is minor. Since the direct effect (i.e., the relationship between gender background 
and ethnicity background, and the relationship between gender background and educational background) were 
significant and the indirect effect was significant (B=0.312, T=5.643, p<0.01), then the relationship between both 
educational backgrounds and ethnic background on job performance is partially mediated by gender background. 
 
Finally, to see if omitting a certain external component has a significant impact on endogenous constructs, 
we test the effect size – f2 values [65]. The value of 0.02 for 𝑓2 represents a small effect, 0.15 – represents 
a medium effect, and 0.35 – represents a large effect [64]. A strong relationship was found between gender 
background and ethnic background (𝑓2= 0.216, T=3.248, P<0.01). Moreover, a medium relationship was found 
between gender background and educational background (𝑓2= 0.114, T=2.142, P<0.05). Furthermore, a medium 
relationship was found between educational background and Job performance (𝑓2= 0.118, T=2.329, P<0.05) 
as well as between Ethnic background and Job performance (𝑓2= 0.077, T=1.778, P<0.1). Finally, a small 
relationship was found between gender background and job performance (𝑓2= 0.011, T=0.698, P=0.485). 
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Figure 2. Partial least square SEM results. Source: Authors. 

 
Discussion 
This paper scrutinizes the direct and indirect effects of gender, ethnicity, and educational background 
on employees’ job performance. All of the hypotheses of the study were supported except the direct effect 
of gender on job performance. Thus, the first contribution of this paper is to reveal empirical evidence regarding 
the positive association of employees’ diverse backgrounds on job performance. This finding is consistent 
with the existing literature in general [33,35,73]. The major mainstream research focuses on investigating 
the impact of the management and inclusion of diversity on job performance rather than analyzing the effects 
of diverse backgrounds [16,39]. It is also suggested that the majority of the literature analyzing the relationship 
between diversity and job performance is concentrating on developed countries [16]. However, there is also 
a significant number of empirical findings revealing the impact of a diverse workforce on job performance 
in developing countries. For example [73], An Empirical Analysis of Key Antecedents of Workforce Diversity 
on Job Performance in Nigeria [41,46] also present actual data on the influence of workforce diversity on job 
performance in Afghanistan and Jordan respectively. Furthermore, there is an adequate number of research 
findings supporting the positive association of diversities with organizational performance in the Egyptian 
context [74]. There is a limited number of studies providing empirical results regarding the positive impact 
of diversity on employees’ performance. For example, investigated the effects of gender, age, and education 
on employee performance in the Egyptian pharmaceutical business and found that gender and educational 
background is positively associated with employees’ performance while age diversity has no significant impact  
[18]. Hence, our findings conclude a similar result based on data collected from private universities in Egypt. One 
common point of these industries is that both of them are renowned to employ a highly diversified and educated 
workforce. 
 
On the other hand, our research findings indicate that the ethnic and educational backgrounds of employees 
have a positive effect on job performance and gender has no significant effect. The positive impact of ethnic 
and educational diversity on job performance is consistent with the prior research findings [34,46]. However, 
the insignificant relationship between gender diversity and job satisfaction is not consistent with the majority 
of the literature. Furthermore, a limited number of studies suggest that gender in particular, or diversity, 
in general, has no significant impact on job performance [75]. They claim that if workforce diversity is wisely 
accomplished, more positive outcomes may be resulted, nevertheless if it is not correctly managed it may lead 
to even negative outcomes. Therefore, the positive effect of gender difference on job performance can 
be achieved only if the diversity is well managed The effects of work Force diversity on employee performance 
in Singapore organizations [75].  
 
Another significant finding of this paper is the indirect effect of gender on performance. Our analysis reveals that 
the ethnic and educational background of the employees partially mediates the relationship between gender 
diversity and job performance. The existing literature acknowledges that there is a partially significant link 
between performance and gender [76]. Accordingly, a sufficient number of studies suggest that several factors 
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mediate the relationship between gender diversity and job performance [77,78]. Among these factors, task type 
and task interdependence, transformational leadership, inclusion and person’s job match are the most well-
known ones [77–80]. Therefore, our finding, in general, is in line with the prior findings of the literature with the 
addition that we found ethnic and educational backgrounds of the workforce as the partially mediating factors.  
 
This study, like any other empirical study, has inherent limitations. First, the number of participants in the survey 
was 269 individuals. This can be assumed as a limitation; however, according to many authors, e.g. [65], 
this number is an appropriate sample to be analyzed using PLS analysis. Moreover, this sample was based 
on the availability and willingness of the academic staff to participate in the survey. We sent the survey link 
to potential participants from all types of academic institutions and different backgrounds (i.e., Ethnic, 
educational, and gender). Future research may include a larger number of participants. Secondly, we did not 
cover all diversity variables like sexual orientation, marital status, physical ability, and geographic location. Future 
studies may investigate these variables. 
 
Impact 
This study, similar to any other empirical study, has several impacts for both academia and industry. Workforce 
diversity reflects changing work environments and marketplaces. A variety of studies has provided evidence that 
it is necessary to have effective management of the workforce to get a higher job performance and increased 
profitability. The current study reviews the literature on the relationship between employee performance 
and workforce diversity. The findings of this paper show that implementing diversity management is vital for any 
organization. It indicates that the level of employees’ job performance is positively affected by ethnic background 
and educational background among academic staff in private universities in Egypt. From the managerial 
perspective, the study sheds light on three dimensions of diversity (gender, educational background, and ethnic 
background) and their impact on organizational performance. Thus, managers who are seeking to improve 
organizational performance need to focus on investing in managing workplace diversity.  
 
There should be mechanisms to manage workforce diversity effectively. Organizations should create a suitable 
environment that positively supports workforce diversity. Improving the performance of academic staff requires 
a healthy and appropriate working environment and managing employees’ issues and conflicts. Moreover, 
strategies should be formulated to reduce the negative ethnic discrimination climate within the organization. 
Furthermore, the diversity of employees based on educational backgrounds fosters greater innovation 
and creates opportunities for creative solutions. It also contributes to the development of a broader body 
of knowledge and understanding since it fosters shared learning and a more diverse set of intellectual capabilities. 
Hence, private universities need to better understand such demographic issues to remain competitive. 
They must adopt diversity management methods since varied viewpoints and expertise may help to enhance 
decision-making and problem-solving processes. It is also essential to foster the implementation of mentoring 
programs that encourage sharing and transfer of knowledge and experience among employees of diverse 
educational backgrounds and different work experiences. Moreover, employees must receive frequent training 
on diversity for the sake of improving the organization's performance and enhancing the organization’s well-
being. This contributes to building cohesive teams and enhancing concentration at work. 
 
To promote gender diversity, it is essential for managers to ensure equal opportunities for both men and women 
to engage in the company's decision-making procedures. Moreover, management should develop 
a comprehensive plan aimed at fostering a diverse workforce, which involves regularly monitoring 
the representation of men and women within the company [81]. By scrutinizing promotion criteria 
and comparing average salaries across different organizational levels, managers can evaluate whether their 
policies effectively support diversity in the recruitment, advancement, and retention of both genders. 
 
In order to achieve optimal performance, organizations should establish training and development programs 
that are tailored to the unique characteristics of their workforce. The overarching objective of the organizational 
strategy should be to foster a culture where management and the human resources department collaborate 
to effectively manage and enhance diversity. Consequently, businesses should design training and development 
initiatives that cater to the specific needs and requirements of diverse employee groups. To promote educational 
diversity, it is crucial for businesses to provide opportunities for career advancement and development 
to employees with lower educational levels. In addition, management should consider granting paid study leave 
to workers who opt to pursue further education. These management approaches serve as external motivation  
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for employees, while also offering financial assistance to alleviate the costs associated with education. Moreover, 
educational institutions should incorporate additional subjects related to diversity into their curricula to further 
enrich the learning experience. 
 
Conclusions 
The positive impact of workforce diversity on employees’ job performance is well-acknowledged especially 
Western context. Some studies, although a few have claimed this positive impact were reported in some 
developed countries. To investigate this claim and provide more insights into the relationship between diversity 
and employee performance, this study empirically investigated the relationships between four constructs: 
gender background, educational background, ethnic background, and employee performance in the context 
of private academic institutions in Egypt.  
 
The findings confirm two of the hypotheses (that ethnic background has a good influence on performance 
and that educational background has a favorable effect on performance); however, the hypothesis about the link 
between gender background and employee performance was not validated. The following are the paper's key 
contributions.  
 
To begin, it is important to note that, to the best of the authors' knowledge, no previous attempts have been 
made to investigate the influence of cultural diversity on tutor performance in Egyptian educational institutions. 
Egypt's private educational institutions have a large and diversified workforce drawn from all over the world, 
allowing for unique research on worker diversity. Second, this research discovered that gender has a direct 
and favorable influence on educational and ethnic backgrounds. To our knowledge, this conclusion has not been 
documented in previous literature. Third, it was discovered that gender background somewhat moderated 
the correlations between ethnicity and educational background, and employee performance.  
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Highlight 
Coffee roasting: the delicate balance between a skilled roaster's expertise and the science of optimising roasting 
conditions for the highest quality brew. 
 
Abstract 
The degree of roast, temperature and duration of the roasting phases of the coffee bean directly affect 
the sensory characteristics of the coffee cup. Therefore, to achieve the best roasting result, it is important 
to combine the human factor with special software products. To automate the roasting process, the Artisan 
roasting recording software was used. Automation of roasting allows better reproduction of the process 
conditions for different coffee samples. However, roasting is a rather complex and multi-stage process, 
and its automation does not guarantee the full reproduction and disclosure of the taste and aroma properties 
of the "perfect cup". Therefore, the qualifications, skills and experience of the roaster play a significant role 
in achieving and further reproducing the desired flavour profile. 
 
Keywords 
Arabica coffee; Robusta coffee; coffee beans; roasting process; temperature; sensory characteristics. 
 
Introduction  
Coffee is one of the most popular drinks among the population due to its taste and aroma. However, 
the reproducibility of the taste and aroma of coffee is a rather complex process, which depends not only 
on the variety and storage conditions of the beans, but also on the coffee roasting process. From a sensory point 
of view, roasting has a great influence on coffee quality and is thus an important aspect of product differentiation  
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has a great influence on coffee quality and is thus an important aspect of product differentiation in the market 
[1]. Although the roasting process has been studied in great detail [2,3], there are many factors that depend 
directly on the roaster and cannot always be clearly unified. For example, even when using special software, 
the roasting process often stops when the beans reach a certain colour. In addition, in some cases, it is the roaster 
who determines the first crack has happened. Experience, skills and the human factor can affect the result even 
when roasting according to a known temperature profile. Although there are attempts to fully automate the 
control of the end of the roasting process, they are either under development or too expensive for small roasting 
shops [4]. Technically, the complexity of roasting beans lies in the fact that each type of coffee has its own unique 
properties and requires a certain temperature regime.  
 
Roasting process causes a change in the structural-mechanical, thermophysical and sensory properties of coffee 
beans, which together determine the consistency, colour, odour, taste, which characterise the degree 
of readiness of the product. During coffee beans roasting, a complex mixture of volatile aromatic compounds 
are formed [2,5–7]. The main processes that occur during roasting are the decomposition of sugars 
and chlorogenic acid [8]. Moreover, the destruction of chlorogenic acid is more complete, the longer the roasting 
process and the higher the temperature [9]. At destruction of chlorogenic acid caffeic and quinic acid are formed. 
All these acids give coffee bitterness and astringency. Under the influence of temperature in coffee beans, about 
50% of trigonelline is decomposed with the formation of decomposition products containing pyridine, nicotinic 
acid derivatives and several other organic substances. Pyridine is one of the substances that give coffee a specific 
aroma. In the process of roasting coffee beans, in addition to chemical transformations, a significant loss 
of moisture occurs on average from 11% to 3% [10,11]. Colour is a suitable indicator of the degree of roast 
for a given raw material. Traditionally the colour of coffee has been used to determine the degree of roasts 
and to enhance consistency in the end product. Nowadays, roast temperatures are recorded to allow 
the reproduction of previous roasts. However, roast profiles vary widely across different conditions and roaster 
designs. The aim of the study was to compare the organoleptic characteristics of coffee brewed from two types 
of Arabica and Robusta coffee beans roasted under different conditions (temperature and time). 
 
Methods  
Sampling 
Two species of green coffee beans Arabica (Brazil Santos) and Robusta (Vietnam) were purchased from a local 
shop (Chernivtsi, Ukraine). Therefore, in the manuscript, the acronyms A for Arabica and R for Robusta samples 
were used to designate samples. In accordance with Standards coffee from the Specialty Coffee Association [12], 
each batch of coffee must be tested in the laboratory for six indicators: sensory (bean colour, surface 
characteristics, aroma, flavour and absence of defective beans), caffeine content, amount of extracted 
substances, ash content and metal impurities. Before the roasting process gets started, all defective beans 
are taken out from the samples [13]. After that, 1 kg of beans was weighed for roasting. Analysis of sensory 
characteristics and the humidity and density data (Table 1) allows you to assert compliance with the standards.  
 
Table 1. Some physico-chemical properties of green coffee beans. Source: Authors. 

 

Parameter Arabica  Robusta Standard magnitude 
 

Humidity, % 9.9 ± 0.2 8.6 ± 0.2 8.0-12.0 [14] 

Density, g/mL 0.784 ± 0.025 0.692 ± 0.025 0.404-0.891 [13] 

 
Roasting process conditions  
Roasting of coffee samples was carried out using a coffee roasting machine shop type TKM-SX 1 (Toper, Izmir, 
Turkey). The mass of loaded samples was 1 kg. Roasting was carried out in a gas roaster at the following 
temperatures: 180°C, 200°C, and 220°C for 9 - 11.5 minutes. The choice of temperatures was not random. Several 
studies, for example [15], it is conducted at temperatures of 160-185°C for light roasting, however, other studies 
claim that the best conditions for flavour and aroma development of coffee are roasting temperatures of 220 - 
230°C. This is because at lower temperatures, only a peanut-like note appears instead of the real coffee taste 
[16]. The samples roasted at the appropriate temperature were designated for the Robusta variety as R1, R2 
and R3, and for Arabica varieties as A1, A2 and A3. The samples were roasted using a combination of visual 
and software control for light-medium roast. The process of samples roasting was stopped when the colour 
of the beans reached the desired level. For all samples, frying was stopped until the second crack. The coffee 
roasters record, analyse and control toast profiles was carried out using an open-source software Artisan 

https://doi.org/10.32933/ActaInnovations.49.3


 Acta Innovations • 2023 • no. 49: 31-38 • 33   

 

 
 

https://doi.org/10.32933/ActaInnovations.49.3 • ISSN 2300-5599 • © 2023 RIC Pro-Akademia – CC BY 

  
 

(Development team, Germany) [17]. The parameters of the process of roasting samples of coffee beans 
are presented in Table 2. 
 
Table 2. Roasting conditions for all samples. Source: Authors. 

 

Sample Maximum 
roasting 
temperature, °С 
 

Drying 
time, min 

Time to 
first crack, 
min 

Development 
time, min 

Total roasting 
time, min 

Roast colour,  
Tonino scale 
value 

A1 180 5:08 8:21 3:38 11:59 108 

A2 200 4:44 7:32 2:10 9:43 109 

A3 220 4:05 6:03 2:36 8:49 112 

R1 180 5:25 7:41 4:26 10:67 114 

R2 200 4:10 7:10 4:24 11:34 116 

R3 220 4:01 6:05 2:39 8:44 117 

 
In general, the roasting process can be represented as three stages, each of which corresponds to the time 
presented in Table 2. At the first, preparatory stage, a heat exchange balance is achieved between the roaster 
and green coffee beans. The temperature set here is required for drying. The second stage is characterised 
by the occurrence of Maillard reactions at temperatures below the caramelization temperature of sugars [18]. 
At this stage, characteristics such as body and sweetness are formed. The less coffee present at this stage, 
the lower the complexity and the lighter the taste. The last stage, called caramelization, is very important 
and is characterised by many chemical reactions occurring in parallel. The influence of the transformations 
of these substances on the sensory characteristics of coffee will be significant. The beginning of this stage is 
accompanied by the appearance of the first crack. If you heat coffee to the second cod or longer, there is a risk 
of setting it on fire. Then carbon and ash tones will appear in the taste, which will significantly worsen the quality 
of the finished drink. To achieve a dark roast coffee with a pronounced bitterness, the roasting process can last 
up to the second "crack" at a temperature of 250 - 260 °C. However, the risk of coffee burning is high, making 
it unfit for consumption [19]. After firing, all test samples were kept for degassing for 15 days. This process is very 
important for coffee quality. Degassing was performed at room temperature in open plastic containers. After 
completion of the degassing process, the density and moisture content of the beans were re-determined. 
 
Physicochemical properties 
The colour of the coffee was evaluated by a Tonino Color Meter for Roasted Coffee (Development team, 
Germany) [20]. This spectrophotometric method makes it possible to measure the colour of the roast on a special 
Tonino numeric scale independent of the production process. This scale ranges from 50 to 130, with a smaller 
number indicating darker roasts. Beans moisturiser before and after roasting were measured on a grain moisture 
tester PM-450 (Kett, CA, USA). The density of coffee samples was measured with a laboratory measuring cylinder 
according to standard methods [13]. The efficiency and quality of the extraction brewing was evaluated using 
the VST LAB Coffee III refractometer as an instrument for measuring the total dissolved solids percentage (% TDS) 
of coffee.  
 
Sensory analysis 
Specialty Coffee Association (SCA) based on the following ten indicators: Fragrance, Aroma, Flavour, Aftertaste, 
Acidity, Body, Uniformity, Balance, Clean cup, Sweetness, Overall [12]. The intensity of each sensory 
characteristic was recorded on a 10-point hedonic scale after 1 h orientation sessions. In this session 
the panellists had specified the terminology and anchor points on the scale. The sensory analysis and the "blind" 
tasting were conducted by ten trained coffee experts. The panellists stayed in the room with temperature 25 ± 
2 0C and the relative humidity 55 ± 3%. The samples were prepared 1 h before the evaluation. Samples were kept 
in coded plates covered with aluminium foil. The coded samples were shown simultaneously and evaluated 
in random order. The roasted coffee samples for cupping were ground using a coffee grinder (grind size #12 - 
"coarse"). After that, 12 grams of coffee were weighed and poured into special cups for brewing. The water 
temperature used was 93°C. The water was poured in a way that created a funnel in the cup, which should lift 
all the coffee particles upward for proper extraction. After pouring the water, the coffee was allowed to steep 
for 4 minutes. A special spoon was used to break the crust that formed during brewing, and the aroma 
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of the beverage was immediately evaluated. Then, using special spoon movements, the remaining crust 
and foam were removed from the surface of the drink. After 9 minutes from the start of brewing, the coffee was 
ready for taste evaluation. The beverage was "slurped" to distribute it across the entire oral cavity, reaching 
every taste receptor. After that, the drink was cooled to room temperature, and a re-evaluation of the taste was 
conducted. The coded samples were shown simultaneously and evaluated in random order.  
 
Statistical and data analysis 
For the statistical analysis a one-factor analysis (ANOVA) for a series of parallel measurements. Value of p < 0.05 
was considered statistically significant. The Tukey-Kramer honestly significant test was used to determine 
significant differences between means. All data were expressed as average value ± standard deviation. Basic 
statistics and ANOVA were performed using the statistical software package Minitab ver. 18.1 (Minitab Inc., USA). 
Principal Components Analysis (PCA) was performed on the panel averaged data using the Minitab ver. 18.1 
(Minitab Inc., USA). The data were scaled by centring and divided by their standard deviation. 
 
Results and discussion 
A general overview of the roasting process (Table 2) shows that the duration of the drying stage of the samples 
decreased with increasing of maximum roasting temperature. So, for all samples, the drying time, roasting time 
and total time decreased with roasting temperature increasing.  
 
The moisture and density of the beans after roasting for all samples is very close (p<0.05) and amounted to 1.3 - 
1.4 % and 0.362 - 0.369 g/cm3 for R1 - R3 samples, and 1.0 - 1.2 % and 0.396 - 0.404 g/cm3 for A1 - A3 samples, 
respectively. This indicates the uniformity of roasting and the correctness of the visual assessment of the time 
of completion of the roasting process. The specified values are within the limits defined by the standards 
for these values. The decrease in density is associated with an increase in the volume of coffee beans during 
roasting. However, their characteristics do not provide any information about coffee-drink sensory 
characteristics.  
 
More informative are the colours of coffee and the content of extractives (Table 2). As follows from the data 
in Table 2, the samples are not too different in colour. For both varieties, an increase in roasting temperature 
caused an increase in colour intensity, which is consistent with the data of other authors [21,22]. It should 
be noted that the darker colour of Robusta samples compared to Arabica samples, indicates the difference 
in their chemical composition [23]. Based on research [3], our samples can be classified as light roasts. In general, 
the colour determines the degree of roasting. However, it is important to remember that loss of moisture, change 
in density and colour may not be sufficient criteria to determine the degree of roast. The frying temperature 
must also be considered (Franca et al., 2009). The time and temperature of the Maillard Phase and Final Phase 
will have a significant impact on the opening of the coffee body and its acidity. Artisan-software provides 
feedback on various phases of the roast, including the finishing phase, to help achieve desired flavour profiles. 
In our case, samples R1, R2 and A1 were marked as "Flat". The temperature gradient was insufficient, and this 
warning indicates a possible sensory problem. The roaster must consider these guidelines to achieve the "perfect 
cup". This demonstrates the need for a combination of visual and hardware monitoring by roasting final point. 
The amount of extractives directly affects the taste of the drink. The content of extractive substances in espresso 
coffee is presented in Figure 1. 
 
According to Coffee Standards by SCA [12] the content of extractives in roasted coffee (light and medium) should 
be 18 - 22 %. In our case, for samples R1 and A2 a significant excess of their content was obtained, which should 
have a negative effect on the taste of coffee drink. For the remaining samples, the content of extractives is near 
the upper limit of normal. On the contrary, if the coffee has a low amount of extractive substances, the drink 
may be weak, without sweet or aromatic nuances. The taste may not be rich enough. Capping was the most 
important step in this study. It is the taste and aroma of the finished drink, and not the colour of the beans 
or its physical and chemical properties, that are important for the end consumer. The reproducibility of the taste 
and aroma of coffee is a big problem. The results of capping all coffee samples are presented in Figure 2. 
 
It can be seen from the petal diagrams (Figure 2) that the best taste and aroma properties are inherent in samples 
A3 and R2, and the worst in samples A1 and R1. Thus, the samples fried at low temperatures were not sufficiently 
balanced in acidity, their taste properties were also uncertain. Sample S1 was markedly bitter, and sample S2, 
with higher extractives, had an unpleasant tarry taste. The calculation of the total number of points for all  
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samples testified to the best organoleptic indicators of samples R2 and A3, and the worst for samples R1 and A1. 
The last samples were roasted at a temperature of 180 ⁰С, which is clearly not enough to fully reveal the taste 
and aroma properties of coffee in a drink. On the other hand, the coloration of these samples was the weakest, 
and the first crack appeared earlier than the rest of the samples. The taste of the samples turned out to be slurred 
with bitterness as a defect. The likely reason for this lies in the fact that coffee beans are more dried than roasted. 
This conclusion is consistent with the analysis of the study [16]. R3 and A3 samples lacked cup clarity 
and aftertaste. Due to the maximum roasting temperature, their colour was darker, and the content 
of extractives was relatively high. The resulting unpleasant aftertaste is probably associated with the formation 
of compounds that mask the characteristic taste and aroma of coffee [2]. It is important to note 
that the assessments of the experts coincided with those of the Artisan-software. The relationships between 
serving temperature and the sensory attributes were evaluated in PCA with all sensory attributes included. 
A total of 95.5% of the variance was explained in the first two components (Figure 3). First principal component 
(87.2%) described the difference between the lower 180 °C versus the higher 220 °C maximum roasting 
temperatures. Second principal component (8.3%) mainly described the difference between two species of green 
coffee beans Arabica and Robusta. Correlation of samples with attribute loads showed a clear separation 
of samples, shifting from more “uniformity”, “clean cup”, “acidity”, "aftertaste" characteristics (A1 - A3) to more 
distinct "aroma", "flavour" characteristics (R1 - R3). 
 

 
Figure 1. The content of extractives in espresso coffee made from samples. Source: Authors. 

 
 

  
a b 

Figure 2. Spider plots showing consensus mean scores of espressos sensory evaluation (a) Arabica Santos and (b) Robusta 
Vietnam. Source: Authors.
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Figure 3. PCA bi-plot: loading of sensory characteristics of espresso coffee and scope of roasted coffee beans samples.  
Source: Authors. 

 
None of the samples received the maximum score from the experts. For A3, the taste is shifted towards acidity, 
and the palatability is not sufficiently developed and pronounced (Figure 3). For R2, we didn't reveal enough 
flavours. Thus, the best roasting conditions for Vietnam Robusta were the maximum roasting temperature of 200 
⁰C and the time of coffee in the roaster of 11:34 min for sample R2. Arabica Santos, known as a mild coffee 
with a comparatively low caffeine content [24], required a higher temperature of 220 ⁰C with a faster roast time 
of 8:09 min for sample A3. For both samples, the duration of the drying step was almost the same, but sample 
R2 needed a longer firing than sample A3. These conditions make it possible to obtain coffee with a rich colour, 
with the content of extractive substances corresponding to the standard [13] and a good balance of taste 
and aroma properties.  
 
It should be noted that the empirical study made it possible to obtain results that are fair for the tested 
conditions, which determine their limitation. Similar judgments are also given by the authors of a multi-study 
empirical investigation [1]. The main aspect limiting the wide application of the results is the use of unwashed 
coffee beans roasted using a coffee roasting machine shop type TKM-SX 1 with a flame drum. This should 
be considered when generalizing these results to both other types of processed coffee and other roasters, 
especially if the scale of the process extends beyond the coffee house. The process of roasting coffee 
in the production workshops of enterprises and small coffee houses is fundamentally different. Full automation 
and unification, combined with optimization of the duration of processes as a systematic approach, 
are important in the enterprise, which will certainly affect the quality of the product. Smaller coffee shops 
are more focused on a specific segment, using more expensive coffees and a much more flexible empirical 
process with a combination of visual and hardware control at the final stage of roasting. Visual control allows 
you to observe the change in colour and appearance of the beans during roasting, and hardware control can 
provide accurate numerical data. However, even with the correct use of the software, there are many factors 
that directly affect the "final cup". These factors contribute to achieving the desired result in achieving optimal 
coffee taste and quality. 
 
Impact  
The implementation of the research results will improve the technology of roasted coffee beans to obtain 
a quality beverage. This will contribute to the solution of an important social task of improving the health  
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of the population. On the one hand, coffee is one of the most popular beverages in the world, the consumption 
of which is growing significantly from year to year in many countries, including Ukraine. The main reason 
for this fact is the desire to satisfy the need, intensify activity or simply relax. These are important factors 
for creating an atmosphere of maximum effective work for members of a sustainable community. On the other 
hand, scientists argue that there are benefits from quality natural coffee. So, for women, caffeine as a component 
of coffee speeds up metabolism, stimulates digestion and promotes weight loss. For men, natural coffee's health 
benefits lie in its aphrodisiac action, an important aspect of population demographics.  
 
The shift in the consumer's focus towards the consumption of natural coffee from roasted coffee beans 
compared to instant coffee allows reducing additional and rather significant energy costs that occur at the freeze-
drying stage. It is an important economic factor for coffee industry enterprises. 
 
Conclusions 
The overall aim of this investigation was to assess the relative importance of roasting temperatures 
on the sensory properties of coffee. It has been shown that roasting conditions (maximum temperature, duration 
of drying and roasting processes) significantly affect both the physicochemical and sensory characteristics 
of  he finished drink. The results obtained indicate that roasting coffee at temperatures below 200 ⁰C does not 
allow for sufficiently revealing the taste and aroma during brewing: the drink is unsaturated and inexpressive. 
The combination of high temperatures (200 - 220 ⁰C) with moderate ageing in the roaster allows you to achieve 
good results. Even with the use of special software, the roaster's qualifications have a strong impact on the result. 
For example, they must understand the raw materials they are working with; conduct an auditory (crackle) 
and visual (bean colour) assessment of the process; understand the impact of roasting parameters (temperature, 
duration of stages, profiles) on the physical and chemical processes that occur in the beans; and systematically 
document the roasting process and its parameters to achieve the desired flavour profile. 
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Highlight 
Material structural reliability for low-dc plasma materials is determined by Weibull reliability predictions with 
surface roughness properties of materials in the determination of TOKAMAK fusion reactor structural design 
issues. 
 
Abstract 
Surface qualities make aluminium a low-DC plasma interaction candidate. Aluminum for energy system structure 
building is studied experimentally, with observations obtained. Aluminum is cheap and frequently utilized 
in aerospace applications. The selection of materials for new applications of thermonuclear fusion energy, such 
as Tokamak reactor walls and fusion-based spaceship thrust structures, is important to decide in the design phase. 
In this study, an experimental setup application is created with low DC-type He plasma ions processed 
on aluminium pellet surfaces. The physical changes of the aluminium pellet material as an example of an energy 
structure surface are analysed under a scanned array microscope and 3D surface plots to detect 
optical roughness attributes. 
 
Keywords 
Tokamak reactors; plasma material interaction; sputtering; 3DSurface Plot; optical roughness. 
 
Introduction  
Aluminum (Al) material is found in increasing usage in automotive, aerospace, defence, and energy industrial 
applications. The main reason to thrust Al is its strength-to-weight ratio, together with its good casting ability 
and machinability. Aluminum is a lightweight material with a density of 2.7 g/cm3. Pure aluminium and its alloys 
have a face-centred cubic (fcc) structure. It is stable at a melting point of 657°C. Because the fcc structure 
includes multiple slip planes, this crystalline structure affects the excellent formability of Al alloys. 
 

 
Figure 1. Pure Aluminum Metal Ore. Source: [1]. 

 
Though aluminium is a thermodynamically reactive material, it has good corrosion resistance. Because 
of the formation of a compact and adherent oxide film on the surface, it is used in many applications in structures 
in building construction, power lines, transportation fields, food, and the chemical industry. However, 
in aggressive environments, such as high-temperature plasma, space environments, and/or petroleum 
environments, aluminium surfaces can be subjected to many surface changes due to wear and erosion. One of 
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the most important considerations to minimize the cost in industry is to make it possible to decrease equipment 
downtime [2]. Energy systems and space applications Fusion reactors are ideal for energy production. 
It is an ideal application without radioactivity, and it has an endless fuel source. In fusion energy reactors, nuclear 
fusion reactions in the core plasma generate energetic particle sets, including He and neutrons for H-based fuels 
[3]. If two nuclei combine to form a single, larger nucleus, a process called nuclear fusion occurs. That process 
is blocked by Coulomb repulsion, which acts to prevent the two positively charged particles from 
coming close enough to be within range of their attractive nuclear forces and "fusing". The range of the nuclear 
force is short, hardly beyond the nuclear "surface", but the range of the repulsive Coulomb force is long, and that 
force thus forms an energy barrier. The height of this Coulomb barrier is related to the charges and the radii 
of the two interacting nuclei. For two protons, the barrier is 400 keV. With respect to highly charged particles, 
it is certain that the barrier is correspondingly higher. This formation is generally seen in plasma environments. 
Plasma is an electrically conducting fluid that is electrically neutral from the outside, in which ions and electrons 
move independently of each other. In fusion reactors submerged in a magnetic field, ions and electrons move 
on a helical trajectory winding around field lines and will be forced to move along the field. This is the magnetic 
confinement principle on which TOKAMAK fusion reactors are based [4]. Nuclear fusion also offers many 
opportunities for space applications. The future of nuclear technology for space exploration promises even more 
remarkable journeys and amazing discoveries. Future space missions will need increased power for propulsion 
and surface power applications to support both robotic and human space exploration missions. However, 
in normal fusion reaction operations, magnetic confined reactor structures or nuclear electric propulsion system 
structures are exposed to neutronic, thermal, radiative, and thermomechanical stress loading. Moreover, 
the management of the interface between the plasma and the wall structures is critical [5]. Furthermore, 
the main results obtained concerning confinement, like H mode, were based on efficient management 
of this interface. Several types of phenomena may enter play at the wall, for instance, the absorption of large 
quantities of gas issued by the plasma, erosion due to the action of fast particles, and heating (the heat flux can 
reach several megawatts per square meter). This process causes plasma radiation to lose a significant quantity 
of temperature and the type of impurities that plasma contains. This process causes the plasma wall 
to deteriorate over time and to release neutrons into the environment [3,6–16]. The interaction of plasma with 
the reactor walls has been one of the critical issues in the development of fusion energy reactors because plasma-
induced erosion can seriously limit the lifetime of the wall components [17–19]. Therefore, in space applications, 
plasma-facing structures must be designed to minimize this type of effect and to withstand particles 
and radiation from the plasma. 
 
In the literature, there are many studies related to plasma-tokamak reactor structural material interactions. 
In divertor sections, rising He ash measurements in ITER or DEMO-type reactors are stated. Studies reflect 
the effects of alpha particle concentration on plasma processes, and the calculations are given as zero-
dimensional power and particle balance equations. As a result of this, fusion reactions and optimum conditions 
are investigated. The studies also show that hydrogen ash because of the deuterium-tritium reaction cannot 
be avoided in fusion. In respect to ITER and DEMO class reactors, experimental work underlines the importance 
of low-activation materials such as steel, SiC ceramic composites, and vanadium alloys in the material selection 
of the reactors resistant to fusion sputtering. As new materials are found in these investigations, new 
types of diagnostic tools and measurement techniques are also included [4,20,21]. In this study, Al material 
is selected as a candidate material for energy system structures in reactor wall structures, either in reactors 
or in space applications. In the experiment setup, a plasma of He ions is generated at a high DC voltage and low 
temperature. The generated plasma is directed at an aluminium target, and the deformation of the target 
is analysed as a function of interaction time. Then the aluminium target pellets surface roughness is physically 
observed under a scanning electron microscope, the images are analysed to derive the optical roughness 
of the surface of the metal image, and their surface plot mesh graph is drawn. So that created optical 
roughness information can be used in calculating the structural reliability calculations in future studies. This study 
brought a new perspective to the derived fault data by using the optical roughness parameters in future 
structural reliability calculations. So that the structural reliability calculations of the Tokamak fusion reactor will 
be made in a cost-effective manner. 
 
Methods 
In the experimental study, a setup was designed for the plasma-wall interaction. This setup helps to observe 
the plasma wall interaction and the plasma-surface interaction. Moreover, deformations on the surface are 
observed, and the material reliability of the target is calculated. The experimental setup schema considered in 
the work is shown in figure 2. In this setup, the air in the vacuum-able plasma boiler tube was initially evacuated 
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with the help of a vacuum pump. Then he flowed into the tube, and plasma was obtained by ionizing the gas 
inside with the high DC voltage applied between the cathode and the anode made up of Al. The effect of plasma 
and the surface of the Al anode and cathode plates are interacted. The physical effects of these plates were 
investigated. In the study, it was originally designed to make the plasma boiler tube from Al, but because 
of insulation problems and the possibility of arcing, the Al boiler was abandoned, and a quartz boiler (tube) was 
produced. Since the aim of the work is to concentrate on the physical surface effects on the Al anode and cathode 
surfaces, the Langmuir probe is not applied in the experiment. The same amount of vacuum and hydrogen gas 
is fed into the boiler as a control point in the experiment. So that the measurement of the plasma density 
in the tube was not observed. 

The plasma beam is produced under high DC potential in the experimental setup given in figure 2. A 10 kV DC 
voltage source is applied between cathode and anode to ionize He in an evacuated glass hollow tube. 
The produced He ions and ejected electrons are then struck onto aluminium plates placed at the anode 
and cathode, respectively. The distance between the anode and cathode plates is placed at 5 cm to get plasma, 
as seen in figure 3. He plasma is generated by vacuuming the quartz tube many times until it reaches a 10 - 3 
Torr vacuum and is filled fully with He gas. This process is repeated 5 - 6 times until the tube is free of air and 
the inside of the tube is filled with hydrogen gas from the input end. After the process to stabilize the hydrogen 
gas inside the quartz tube, a small pipe is connected to the exit end. This pipe of the quartz tube is put into 
the water-filled container. This is provided that stabilized He gas reside inside the quartz tube and that, 
at the same time, He gas flow is given at the input end of the quartz tube at 100 ml/min under atmospheric 
pressure. The used He gas was 99.9% pure, and the total gas flow rate was 100 ml/min. 

  

 
Figure 2. Experimental Setup Schema. Source: [16]. 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. Generated He Plasma. 

For the experiment, six aluminium pellet samples were made. Each time, two plates were placed at the cathode 
and anode, respectively, and subjected to the radiation for a time value of 60, 120, 180, 240, 300, and 360 
minutes. The anode and cathode surfaces are affected by the He plasma. A Field Emission Scanned Electron 
Microscope (HITACHI SU5000 Scanned Field Emission Scanned Array Microscope) is used to display the detailed 
surfaces of the Al pellet surfaces at the final stage. SEM measurements are performed at room temperature 
(25°C). For anode and cathode, grey-scale value images are produced for different magnification scales under 
SEM. These images are used to calculate the following optical roughness parameters, respectively: 
 

▪ Ra: Arithmetical mean deviation. 
▪ Rq: Root means square deviation.
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▪ Rku: Kurtosis of the assessed profile. 
▪ Rsk: Skewness of the assessed profile. 
▪ Rv: Lowest valley (given by the min measurements). 
▪ Rp: Highest peak (given by the max measurements). 
▪ Rt: The total height of the profile. 

 
The above parameters are calculated for each SEM image for the anode and cathode of the pellet for different 
He plasma process times. The above optical roughness parameters were calculated using the open-source 
application Image [22]. It is a widely used research application in scientific image processing studies. Also, 
a surface mesh plot is performed for the surface images under SEM to see the peaks and valleys of the image. 
Table 1 shows the al anode and cathode samples that are irradiated with he plasma with different time processes 
and SEM image optical roughness parameters. In Table 1, optical roughness parameter values are going 
to be used in the three-parameter Weibull formula in the future for calculating the reliability of the Al under 
he plasma. 
 
Table 1. He Plasma Al plate SEM Image Optical Roughness Failure Data Set. 

 
Sample Image Label Ra Rq Rku Rsk Rv Rp Rt 

 

60 min,2mm, Cathode 146.699 144.636 1.047 1.139 255 65 320 

60 min, 500nm, Cathode 94.475 87.323 1.221 1.675 255 15 270 

60 min,1µm, Cathode 91.764 84.420 1.313 2.114 255 3 258 

60 min,3µm, Cathode 96.324 89.212 1.270 1.905 255 0 255 

60 min,10µm, Cathode 95.300 88.055 1.298 2.035 255 0 255 

60 min,50µm, Cathode 90.370 80.283 1.433 2.533 255 0 255 

240 min,2mm, Cathode 126.826 125.879 1.025 1.080 255 74 329 

240 min,50µm, Cathode 119.681 110.727 1.237 1.731 255 0 255 

240 min,10µm, Cathode 104.405 96.393 1.266 1.866 255 0 255 

240 min,3µm, Cathode 103.252 94.389 1.302 2.003 255 0 255 

240min,500mm, Cathode 78.738 71.791 1.296 2.060 255 0 255 

360 min,2mm, Cathode 128.992 127.426 1.039 1.119 255 76 331 

360 min,50µm, Cathode 76.864 69.235 1.470 2.908 255 0 255 

360 min,10µm, Cathode 97.095 89.890 1.307 2.094 255 0 255 

360 min,3µm, Cathode 94.678 87.759 1.278 1.969 255 0 255 

360 min,1µm, Cathode 93.285 86.242 1.284 1.977 255 0 255 

360 min,500nm, Cathode 79.299 71.734 1.342 2.218 255 0 255 

120 min,2mm,Anode 151.888 149.898 1.041 1.117 255 61 316 

120 min,500mm,Anode 88.241 81.285 1.263 1.877 255 0 255 

120 min,1µm,Anode 85.792 79.167 1.254 1.868 255 0 255 

120 min,5µm,Anode 96.291 89.742 1.308 2.148 255 0 255 

120 min,10µm,Anode 95.707 88.797 1.314 2.146 255 0 255 

120 min,50µm,Anode 93.920 84.694 1.432 2.613 255 0 255 

180 min,2mm,Anode 155.080 152.316 1.054 1.152 255 75 330 

180 min,50µm,Anode 89.547 79.882 1.361 2.170 255 0 255 

180 min,10µm,Anode 92.543 85.033 1.279 1.908 255 12 267 

180 min,3µm,Anode 96.664 90.163 1.222 1.700 255 23 278 

180 min,1µm,Anode 96.032 89.726 1.211 1.662 255 16 271 

180 min,500nm,Anode 94.741 88.636 1.218 1.702 255 33 288 

300 min,50µm,Anode 95.030 83.355 1.422 2.423 255 0 255 

300 min,10µm,Anode 95.236 88.178 1.259 1.849 255 0 255 

300 min,5µm,Anode 96.201 89.345 1.237 1.761 255 0 255 

300 min,3µm,Anode 96.074 89.421 1.227 1.720 255 0 255 

300 min,500nm,Anode 95.245 88.992 1.212 1.670 255 5 260 

300 min,1µm,Anode 98.728 92.601 1.207 1.655 255 14 269 

300 min,10µm,Anode 95.276 88.177 1.275 1.937 255 0 255 

 
Results and discussion 
Figure 4 displays physical surface plots and grey scale views of SEM on the surface of Al samples at the anode 
and cathode at 60, 180, 200, 240, 300, and 360 minutes under He plasma interaction. In these sample fields 
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of grains, black points and semi-grey spots are seen. SEM surface plots showed hills (high areas) and holes (low 
areas) on the Al pellet surfaces. The material reliability will be calculated with optical roughness parameters at Al 
anode pellets and cathode pellets to make comparisons as in reliability graphs. These results will show the status 
of the surface attributes of the optical roughness measures. So that material selection criteria will be determined 
for plasma-based energy structures such as fusion Tokamak reactors or space thrust systems based on fusion 
architecture. 
 

Sample Image 
Label 

SEM Image Views and Surface Plots of the SEM Images 

 
 
 
 
 
 
 
 
60 min,2mm, 
Cathode  
 
 
 
 
 
 
 
 
 
  
 
 
 
 
240 min,3µm,  
Cathode 
 
 
 
 
 
 
 
 
 
 
 
  
 
360 min,1µm,  
Cathode 
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120 min,10µm, 
Anode 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
300 min,50µm, 
Anode 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. SEM Al surface observation images and their 3D surface of anode and cathode pellets with different process time 
under He plasma.  

Based on the above findings, the observations given in Table 1 are compared with the findings given in [23]. 
According to [23], the study is performed under an atomic force microscope (AFM) and precisely measured, 
and the process is based on ASME B46.1 standard-defined terms Sa and RMS values. According to the ASME 
B46.1 standard, Sa (surface roughness) and RMS (root mean square) both represent surface roughness, but each 
is  calculated differently. Sa is calculated as the roughness average of a surface's measured microscopic peaks 
and valleys. RMS is calculated as the root mean square of a surface measured by microscopic peaks and valleys. 
In the study above, ImageJ software is used on the SEM images for different plasma processing times 
to determine the optical roughness characteristics.  
 
Using Table 1 and the study [23], the following graphs are generated for the common process times given in both 
methods: 
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Figure 5. AFM Measured RMS and Sa Graphs of Anode and Cathode Surface Pellets Based on Different Process Times (min). 

 

 
Figure 6. ImageJ Software Measured Rq and Rq Graphs of Anode and Cathode Surface Pellets Based on Different Process 
Times (min). 

 

The same graphs are produced based on the Table-1 values for specified process times of the AFM measurements 
of anode and cathode pellets. In this case, the measured optical roughness values are Ra and Rq values measured 
under ImageJ software SEM images. The given figure 6 shows the anode and cathode surfaces of Ra and Rq 
at the specified process times as given in figure 5. The two measurements are compared by using the correlation 
function to determine if Ra values can be used for Sa and Rq values can be used for RMS. The correlation function 
is a statistical measure of strength used to determine the linear relationship between two variables. When 
the correlation of the two series is input, the correlation function then maps the output range between – 1 and 
1. A correlation coefficient of -1 determines a perfect negative or inverse correlation, and a correlation coefficient 
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of 1 shows a perfect positive correlation. If the correlation coefficient shows 0, then there is no linear relationship 
between the values. To calculate the correlation, each series is determined by calculating the standard deviation 
and the covariance between them. The correlation coefficient is covariance divided by the product of the two 
variables’ standard deviations [24]. 
 
Table 2. He Plasma Al Anode and Cathode Plates AFM Measurements (Sa and RMS) and ImageJ Calculations (Ra and Rq) 
Correlation Results. 

Correlation Table AFM 
Measurement of 
Anode for Sa  
 

AFM Measurement 
of Anode RMS 

AFM Measurement 
of Cathode for Sa  

AFM Measurement of 
Cathode RMS 

ImageJ Measurement of Anode 
Ra 

0.711678358    

ImageJ Measurement of Anode 
Rq 

 0.92994807   

ImageJ Measurement of Cathode 
Ra 

  -0.468889172  

ImageJ Measurement of Cathode 
Rq 

   -0.474880479 

 
According to Table 2, AFM measured anode Sa and RMS values, and InageJ calculated Ra and Rq values 
for the same processing times, showing a positive correlation above 0. AFM measured cathode Sa and RMS 
ImageJ calculated Ea and Rq values are negatively correlated. 
 
Impact  
This study provides a cost-efficient methodology for comparison method criteria to determine the material 
selection in designing Tokamak fusion reactors for future reactor wall structures. This method can be used 
to directly calculate different material optical characteristics for library generation so that the designers of future 
fusion reactors can use this bias to create the best match for their blueprints. This phenomenon will be used 
in designing economic budgets for the Tokamak fusion reactor's construction to underline productivity, efficiency, 
durability, and sustainability cost factors of the reactor’s structural and operational lifetime. 
  
Conclusions 
From the results given above, optical roughness parameters are analysed by using image processing techniques 
on the surface structures of materials. According to the observations given in the results section, it is clearly 
determined that the ImageJ calculated optical roughness parameters can be used for anode 
pellets; however, in the cathode section, it is observed that there is a negative correlation that the calculated 
optical roughness parameters show unsatisfactory results. The reason for the negative correlation given 
in cathode pellet calculations for optical roughness parameters is that the original SEM 
images of the cathode pellets sampling size should be increased, and more images must be taken with the SEM. 
Another solution to increase the positive correlations between AFM measurements is to use metal 
microscope taken images to take more sample images from cathode pellets to increase the measurement 
samples and determine a satisfactory relationship for future uses. It is also expected to be a difference between 
the anode and cathode surfaces under the plasma process. This can be observed from the optical roughness 
parameters when compared with the AFM measurements for anode and cathode surfaces. Optical roughness 
measurement shows a promising method for future usage in material reliability calculations when precise 
sampling and calculations are performed during the experiments for future studies. This method is already used 
in different sectors of the manufacturing industry for quality control purposes. By spreading this technique to be 
used in the energy industry for material selection, it will achieve a cheap solution and cost-efficient method 
for the aviation and defence industries for calculating structural reliability predictions. In reliability literature, 
it is widely known that material structural reliability is investigated using five methods. These are material 
selection, reliability analysis, maintenance and inspection, heat and stress, and erosion and damage. 
In the literature, the structural reliability of Tokamak fusion reactors is not studied based on the values of the 
huge fusion reactor experiments. Construction and design of the Tokamak fusion reactors are focused on building 
costs. However, maintenance and material resilience are other questions that need to be asked during the 
operation. To calculate operational costs, an expert should consider material life cycle costs and maintenance 
costs for a fusion reactor’s resilience. Material life cycle costs are directly tied to the material reliability data that 
must be known during construction and operation. In this respect, no special study is found in the literature with 
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respect to fusion reactors. Only commercial plasma reliability studies that are found in the literature are based 
on surface coating. This is not satisfactory in the determination of the structural reliability data for fusion 
reactors. In reliability data, faults need to be known as properties of the investigated subject. In this respect, 
fatigue, crack, and deformation information can be used to show the reliability of structural material studies 
of fusion reactors. This work's results will be used in calculating the optical roughness information for material 
directly from the fault data under a plasma processing activity, and this direct information can be used 
in predicting the characteristic curve of the material structure based on the Weibull Prediction method. 
As this statistical information is found, for candidate structural materials that are selected for fusion reactor 
construction, the life cycle time of the designed material will be known by using its measured surface roughness 
data over time specific to the selected material. Knowing the life cycle time of the material, the operational costs 
of the selected material will be determined. As a result, fusion reactor construction costs will be calculated 
directly during the planning phase of the construction work. 
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Highlight 
Decarbonization of gas-fired power plants by using green hydrogen as fuel. 
 
Abstract 
This research article contributes to the challenge of global warming by presenting the approach of the use 
of green hydrogen to reduce greenhouse gases. It shows that CO2 emissions can be significantly reduced 
in thermal power plants by replacing natural gas with green hydrogen as a fuel. This work presents the techno-
economic study of the energy transition of a 12 MW thermal power plant based on green hydrogen. 
The presented study is based on the energy consumption of Nigeria, 73% of which is covered by natural gas 
thermal power plants. The obtained results show that the cost of this transition is ca. 17 million dollars (USD) for 
a reduction of 114 𝑡𝐶𝑂2 per plant with a return on investment between 4-5 years. In addition, through modeling 
and numerical simulation, this article shows that estimated return on investment can be shortened by using 
the thermal power resulting from the turbine, through industrial use. 

 
Keywords 
Green hydrogen; thermal power plan; combustion. 
 
Introduction 
Our planet is facing numerous phenomena that threaten it today. One of the most devastating is a global 
warming [1]. Indeed, in the face of the effects of global warming, the actions taken on a daily basis do not have 
a considerable impact in the short term. Especially that such short-term damages are already visible,  
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i.e. the melting of glaciers, which causes rising waters and involves floods or fires that have repeated over 
the past two years due to high temperatures [2,3]. 
 
The fight against global warming involves the implementation of several technologies allowing the reduction 
of greenhouse gases (GHG) in the medium term. Faced with the effects observed in the world, the long-term 
solutions do not have considerable profitability these days, hence the solutions put in place must tackle 
the sectors having the greatest impact on GHG emissions. Among the most polluting sectors is energy supply, 
which relies still on power plants and particularly on thermal power plants, which occupy the second place after 
nuclear power [4] (Figure 1). The amount of GHG from thermal power plants is believed to be considerable over 
the next years [5] as shown in Figure 2. 
 

 
Figure 1. Net-electricity generation. Source: [4]. 

 

 
Figure 2. Annual emissions of CO2 from thermal generation of electricity in public power plants. Source: [5]. 

 
In 2019, global CO2 emissions from fossil fuels accounted for 33 gigatons, of which 41% came from the electricity 
generation sector. The remaining 69% comes mainly from the transport sector and industry including the tertiary 
one. According to the IPCC 2018 special file "Global warming of 1.5°C", we have 580 gigatons of CO2 in our carbon 
budget and with this value the terrestrial globe has a 50% chance of keeping global warming at 1.5°C compared 
to pre-industrial levels. However, if humanity continues on the current emissions trajectory, there are only 
15 years left before the budget is exceeded. 
 
Although actions to fight global warming undertaken today will have a positive impact in the years to come, it is 
important to invest in research and development (R&D) concerning these sectors, which on other hand can have 
more significant impact in the short-term perspective. Among the solutions in progress for several years are  
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those focused on the decarbonization of large and small-scale electricity production systems by replacing 
it be electricity from renewable energy such as photovoltaics or wind turbines. However, knowing that electricity 
production systems generate 41% of GHG [6], this article is particularly focused on the study of the reduction 
of CO2 resulting from the production of electricity by thermal power plants using natural gas as fuel. 
 
In this article, the technical and economic aspects concerning the integration of green hydrogen in the production 
of electricity of thermal power plants were analyzed. There are several articles that deal with the production 
of electricity from green hydrogen on a small, medium and large scale [7,8] . The integration of hydrogen 
in thermal power plants is a part of the fight against global warming especially the burning the hydrogen does 
not contribute to the CO2 emission directly. In 2020, approximately 1.6TW of gas turbine was installed in the 
world, of which the production of electricity represented 22%. According to the literature, the most common 
and effective approach for the decarbonization of thermal power plants is to change the combustion gas, which 
is mostly natural gas or methane [6]. 
 
The article mainly deals with centralized production, which involves the production at medium and large scale 
[7,9], corresponding to the use of green hydrogen for mini generators [8]. In case of Nigeria, it represents the use 
of electricity by 40% of the population, i.e. 89,692,840 inhabitants who spend ca. 14 billion USD per year, i.e., 
equivalent to 40 million liters of fuel [10,11] or alternatively the use of hydrogen as fuel in thermal power stations 
[6,12]. The ability of a gas turbine to run on high hydrogen fuel requires a combustion system that can handle 
the specific nature of that fuel and General Electric (GE) has diffusion combustion systems in service for turbines 
Aeroderivative and Heavy-Duty gas engines capable of burning hydrogen. These include the Single Annular 
Combustor (SAC) for Aeroderivative gas turbines and the Quiet Single-Nozzle Combustor (MNQC) for heavy-duty 
gas turbines. Today, GE is able to quote hydrogen levels up to ~90 - 100% (by volume) for applications with 
the MNQC combustor or single nozzle combustor. The type of combustion system to be implemented in existing 
thermal power plants for 90-100% hydrogen combustion is not part of the study of this article. The work carried 
out in this article, with Nigeria as a case study, shows that thermal power plants and the use of generators have 
a considerable impact on GHG emissions and in particular on CO2. Through research, it is shown that the carbon 
tax cost of operating thermal power plants covers the cost of transitioning from a CO2 emitting turbine to a zero-
carbon gas turbine with hydrogen as flue gas. This article also shows that Nigeria spends 14 billion dollars for 
generators using 43 million liters of fuel per year or 113 000t of CO2 

 
Methods 
The scenario is based on Nigeria energy system. Through statistical calculations, the electricity production from 
thermal power plants is presented and the calculation of the cost linked to GHG emissions was performed. 
Subsequently, through bibliographic research the price of switching from a 12MW thermal power plant running 
on natural gas to operating with green hydrogen as fuel was found. All of these results made it possible to present 
the return on investment (ROI) linked to the decarbonization of thermal power plants of this power. The return 
on investment (ROI) is obtained by calculating the cost of the annual carbon tax, knowing that it is worth 11,493 
USD/day, or 3.6 million USD/year for an emission of 114 931 200 g CO2/ day, equivalent to 18 million USD over 
5 years, which is compared to the cost of the transition of a thermal power plant from natural gas to hydrogen, 
which is 17 million USD. With the aim of reducing the number of years of the ROI, numerical modeling was carried 
out on MATLAB Simulink in order to observe the different powers which emerge from it, mainly thermal energy.  

 
Results and discussion 
Study sample 
This part presents an assessment of the number of thermal power stations in Nigeria. All the data presented 
in this part were used to analyze and to present the economic and environmental aspects. This study showed 
the impact in terms of GHG emissions, the cost of these solutions as well as the cost of the carbon tax that can 
be applied. 
 
According to Table 1, it can be seen that the production of electricity from natural gas in thermal power plants 
accounts for 73% of national production in Nigeria [13,14]. 
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Table 1. Distribution of power generation plants. Source: [12]. 

 
 
 
 
 
 
 
 
 
Table 2. GHG emissions per kWh electrical energy generated by actual best available technology for each energy vector. 
Source: [15].  

 
Generation technology Source g CO2/ kWhe 

 

Ref. 
 

Coal Combustion 900 49 

Gas Combustion 400 49 

Nuclear Uranium enrichment 4 49 

Wind Construction 10-30 49 

Photovoltaic Construction 100-200 49 

Hydro  18 6 

 
According to this distribution (Table 1) and according to Table 2 presenting the amount of CO2 emitted 
by the various electricity production technologies, estimation of all GHG from thermal power plants in Nigeria 
was made. The estimation of the amount of CO2 from thermal power plants in Nigeria per day in these power 
plants can be obtained through the following equations. 
 

(1) 𝐺𝐸𝑆𝑐𝑜2 = 𝐸𝑐𝑡ℎ × 𝐺𝐻𝐺 × 24 = 114 931 200 𝑔𝐶𝑂2  
 

(2) 𝑃𝑐 = 𝑇𝑐 × 𝐺𝐸𝑆  
 

(3) 𝐺𝐸𝑆 = 𝐶𝑎  × 𝐹𝐸 ×  𝑃𝑅𝐺  
 

(4) 𝑃𝑐 = 114 931 200 × 49 × 10−6 × 100 = 11 493 𝑈𝑆𝐷/𝑑𝑎𝑦  
 
where: 
𝐸𝑐𝑡ℎ  - 11972 kWh 
GHG - 400 𝑔𝐶𝑂2/Whc  

(PRG) = 1 - the global warming potential 
(𝑇𝑐) - carbon tax taken at 100 USD / tCO2 
(𝐹𝐸) - the emission factor 
(GES) - GHG emission 
(𝐶𝑎) – consumption 
(𝑃𝑐) -  carbon price 
(𝐸𝑐𝑡ℎ) - power production by gas fire. 

 
In this case study, the value of 𝐺𝐸𝑆𝑐𝑜2  is estimated at 114 931 200 𝑔𝐶𝑂2, which corresponds to 11,493 USD 
to be paid per day considering a carbon tax evaluated at 100 USD [16]. Through these data, it can be concluded 
that the interpolation concerning the carbon tax applied to these installations generates a significant cost of 3.6 
million USD/year. 
 
In order to perform a numerical simulation of the production of energy equivalent to 12 MW in a thermal power 
plant based on green hydrogen, several bibliographic searches were carried out. Thanks to this, it was found that 
the first electricity-hydrogen-electricity project on an industrial scale in the world was carried out in France [17]. 
It was based on the conversion of a thermal power plant producing heat and electricity of 12 MW with natural 
gas into a power plant using green hydrogen as combustion gas between 80 and 100%. The budget for this  

Type Power (MW) Percentage (%) 
  

Gas-fired 11.972 73% 

Hydro plants Providing 2.062 13% 

Solar, wind, and other sources such as diesel and Heavy 
Fuel Oil (HFO) 

2.35 14% 

Total 16.384 100% 
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implementation was 16.9 million USD. Therefore, by analogy it can be assumed that the conversion of a 12 MW  
thermal power plant from natural gas to hydrogen as the flue gas would require approximately 17 million USD. 
From where, through the estimate on the study sample, it can be deduced that after 5 years the country will 
spend on carbon tax the price necessary for the decarbonization of all of their natural gas thermal power stations. 
 

 
Figure 3. Evolution of the costs of the two technologies. Source: Author. 

 
According to the interpolation presented on Figure 3, it can be deduced that in 5 years, Nigeria will spend 
18 million USD for the carbon tax. This amount is higher than the cost necessary for the conversion of thermal 
power plants working on natural gas into the one using green hydrogen as a combustion gas. 
 
Modeling, simulation and evaluation of the cost of a 12 MW thermal power plant running on green hydrogen. 
During the process of generating electricity in a thermal power plant operating with green hydrogen as the fuel 
gas, a large amount of thermal energy is normally generated. In various research works, this phenomenon 
is represented by cogeneration techniques [18–20]. It is therefore important to analyze the productivity of a gas  
turbine with hydrogen fuel produced from wind or solar energy. For this purpose the SGT-400 [21] turbine was 
considered and various parameters resulting from several modeling oriented in the same framework were taken 
into account as well [22–24]. It is important to note that the ability of a gas turbine to operate with a fuel with 
a high hydrogen content requires a combustion system able to manage the specific nature of this fuel [25]. 
General Electric (GE) has diffusion combustion systems in service for Aeroderivative and Heavy-Duty gas turbines 
capable of burning hydrogen. This also leads to very high flame temperatures as well as high NOx emissions. 
The proposed system contains the Single Annular Combustor (SAC) for Aeroderivative gas turbines and the Quiet 
Single-Nozzle Combustor (MNQC) for heavy-duty gas turbines up to ~90 –100% (by volume) for applications with 
MNQC combustor or single nozzle combustor. 
 
This modeling does not consider the characteristics of the combustion system and the modeling makes it possible 
to observe and to analyze the thermal parameters of the gas in order to have a possibility of implementing 
this thermal energy. As presented in [22,26], the gas turbine mainly consists of the compressor, the burner, 
and the turbine. 
 
Modeling in the compressor 

 
(5) 𝑃𝑐 = 𝑃𝑐

𝑖𝑛 × 𝑃𝑅  
 

 
(6) 

 

𝑇𝑐 = 𝑇𝑐
𝑖𝑛

[
 
 
 
 

1 +

𝑃𝑐

𝑃𝑐
𝑖𝑛

𝛾−1
𝛾

− 1

𝜂𝑐

]
 
 
 
 

 

 
 

 
[24] 
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(7) 𝑊𝑐 = 𝑚̇𝑎 × 𝐶𝑝

𝑎(𝑇𝑐 − 𝑇𝑎) [24] 

 
 
(8) 

 

𝜌𝑎
𝐶 =

𝑃𝑐

T𝑐 × 𝐶𝑝 ×
𝛾 − 1

𝛾

 

 

 
 

[27] 

where: 

𝑃𝑐
𝑖𝑛 - Compressor inlet pressure 

𝑃𝑎- Ambient air pressure 
𝑃𝑐- Compressor outlet pressure 
𝑃𝑐- Compressor outlet pressure (bars) 

𝑇𝑐
𝑖𝑛- Compressor inlet temperature 

𝑇𝑎  - Ambient temperature 
𝑇𝑐  - Compressor outlet temperature 
𝑆𝑜𝑢𝑡 – Entropy 
ℎ𝑠 - Specific enthalpy 
𝑊𝑐- Compressor thermal power 
𝜌𝑎

𝐶- Compressor density 
𝜂𝑐 - Compressor efficiency 
𝐶𝑝

𝑎 - Thermal capacity 

𝑚̇𝑐  and 𝑚̇𝑎 - respectively represent the flow of air leaving and entering in the compressor 
𝜏𝑐  - The time of the passage of the air in the compressor according to the speed and the length of the latter 
𝑊𝑐  - Heat flux during compression (w) 
𝑚̇𝑎 - Mass flow (kg/s) of incoming air 

𝐶𝑝
𝑎 - Heat capacity of ambient air entering the compressor( 

𝑗

𝑘𝑔×𝐾
 ) 

𝜌𝑎
𝐶  - Density of outgoing air of the compressor. 

 
 

 
Figure 4. Industrial gas turbine SGT-750. Source: [18]. 

https://doi.org/10.32933/ActaInnovations.49.5


Acta Innovations • 2023 • no. 49: 49-59 • 55 

 

 

https://doi.org/10.32933/ActaInnovations.49.5 • ISSN 2300-5599 • © 2023 RIC Pro-Akademia – CC BY 

  

 

Using data given in Figure 4, the length of each main compartment intervening in the process including 
the approximate time of each phase can be estimated. 
 
Modeling in the burner (combustion chamber) 
 

(9) 𝑃𝑏 = 𝑃𝑐 × (1 − 𝑑𝑃) [24] 
 

(10) 𝑊𝑏 = 𝑚̇𝑎/ℎ × 𝐶𝑝
ℎ𝑜𝑡(𝑇𝑏 − 𝑇𝑐) [24] 

 
(11) 𝑚̇𝑎/ℎ= 𝑚̇𝑎+ 𝑓𝑓 [24] 

 
(12) 

𝑓𝑓 =
𝑊𝑏

𝐹𝐶𝑉
 

[24] 

 
(13) 

𝑇𝑏 =

[
 
 
 𝑇𝑐 + 𝑞𝑡 ×

𝑄𝑏 × 𝜂𝑓

𝑐𝑝

1 + 𝑞𝑡

]
 
 
 

 

[28] 

 
   

where: 
𝑓𝑓 - Fuel flow (kg/s) 
FCV - Value of the heat of combustion of hydrogen (141000 KJ/Kg) 
𝑊𝑏 - thermal power in the burner (Kw) 
𝑚̇𝑎 ℎ⁄  - flow rate of the air-hydrogen mixture entering the burner. 

 
Turbine modeling 
 

(14) 

𝜂𝑡 =

[
 
 
 
 1 −

𝑇𝑡

𝑇𝑏

1 −
𝑃𝑡

𝑃𝑏

𝛾−1
𝛾

]
 
 
 
 

 

 

   

 

According to the literature [27], 𝑃𝑇
𝑚  is the mechanical transmission power of the SGT-400 turbine estimated 

at 13.40MW. 
 

 
 
Figure 5: Extract of the modeled system. Source: Author. 
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Table 3. Specifications Adopted for The Simulation. Source: Author. 

Components Rating values 
 

𝐹𝐸 49 

𝑇𝑐(USD) 100 

𝑃𝑅𝐺 1 

𝜂𝑐 0.86 

Pa(Bars) 1.013 

Ta(K) 294.15 

FCV 141000 

 (J/kg·K) 1010 

 (J/kg·K) 1230 

GHG (𝑔𝐶𝑂2/Whc) 400 

Pa (bars) 1.013 

Ta (K) 294.15 

Flux (kg/s) 38.9 

dP 2% 

V (m/s) 100 

𝛾 1.4 

PRc 16.8 

PmecT (kW) 13.4 

Lc (m) 1.6 

𝜂𝑏 36.8 

𝑚̇𝑏 (kg/s) 39.4 

𝑚̇𝑐  (kg/s) 38.9 
 
 

 
Figure 6. Temperature variation. Source: Author. 
 

Figures 6 and 7 show the evolution of temperature and pressure respectively in the modeled system according 
to the data in Table 3 below. 
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Figure 7. Pressure variation. Source: Author. 

 
Impact 
This article presents a techno-economic study on decarbonization through the use of the green hydrogen energy 
vector. Faced with the global challenge of reducing the rate of GHG emissions, several R&D projects are 
emerging. With this in mind, R&D presents several points of considerable progress in clean electricity production 
and clean storage systems like the construction of solar and wind power plants. Concerning this, R&D has been 
making other efforts for several years for the integration into the industrial world of green hydrogen, which 
is considered to be the energy vector capable of changing and revolutionizing the energy trend. Indeed, green 
hydrogen is currently being used in many sectors such as transport, refinery industries, power plants and energy 
storage, the configuration and traditional implementation of which causes an emission of considerable quantities 
of GHG. Knowing that the primary objective of R&D today is the reduction of GHG emissions, mainly CO2, 
and that achieving of this objective requires acting on the systems and sectors most polluting on a global scale, 
this study focuses on the electricity production sector, which represents 41% of the CO2 emission rate 
in the world. The study is particularly oriented towards thermal power plants running on natural gas. This article 
shows that the energy transition of thermal power plants from natural gas to green hydrogen as fuel 
is an effective way to fight against CO2 emissions. Through a techno-economic study based on the case of Nigeria, 
it was shown that the transition from a 12MW natural gas plant to green hydrogen requires approximately 17 
million USD investment. In comparison to a carbon tax estimated at 100 USD/tCO2, it can be noted that the return 
on investment is possible after 4 years because the quantity of carbon emitted is estimated at 114 931 200 𝑔𝐶𝑂2, 
which corresponds to a tax of 11.493 USD/day, or 3.6 million USD/year and over 5 years the carbon tax 
expenditure will account for 18 million USD. In addition, the study shows that the country spends 40 million liters 
of fuel per day for the use of generators knowing that one liter of fuel emits 2.67 kg of CO2. On the other hand, 
in order to analyze certain data of a gas turbine at the time of combustion, a numerical modeling accompanied 
by a production simulation was made. The results show that the amount of thermal energy coming out 
of the turbine part can be enhanced for industrial use. Applied internationally, the result on the environmental 
plan will be considerable but also on the financial plan because after valorization of the thermal energy coming 
out of the turbine the return of investment could be close to 3 years. 
 
Conclusion 
With the aim of expanding and promoting solutions to fight and reduce CO2 emissions into the atmosphere, 
this article presents a techno-economic study of the migration of natural gas thermal power plants to green 
hydrogen as fuel. Indeed, this work has shown that power plants contribute significantly to CO2 emissions 
reduction, particularly in the case of thermal power plants. The economic study shows that it cost about 17 
million dollars for the transition from Natural Gas to Green Hydrogen of a 12 MW thermal power plant for 
a return on investment over 4.5 years without considering the tri-generation that can be applied to the view 
of the thermal power released by the turbine. According to the simulation, the inlet of a temperature of 294.15K 
after passing through the burner is achieved, whereas temperature goes to 2100K, at the outlet after driving 
the turbine and the outgoing gas has a temperature of 1879K for a thermal power of around 16 MW. This result
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shows that the thermal power obtained can be used in the wood industry for drying, or in the industry 
of the circular economy by recycling plastic so as to act doubly on the protection of the environment and improve 
the overall efficiency of the combined system.  
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Highlight 
The servant leadership can lead to higher employee job satisfaction and leader-member exchange may mediate 
the relationship between servant leadership style and employee job satisfaction. 
 
Abstract 
A growing body of literature explores the underlying mechanisms and processes that enable servant leadership 
to impact organizational performance, engagement, and outcomes positively. This research assesses 
the mediation role of leader-member exchange between servant leadership and job satisfaction among 
employees in Kuwait's universities. The study utilized a closed-ended survey that was distributed to 240 workers, 
with 205 valid responses received from employees working in two private higher education sectors in Kuwait. 
using Partial Least Squares-Structural Equation Modelling (PLS-SEM) was used for data analysis. The outcomes 
of the study demonstrated strong backing for the beneficial influence of servant leadership on leader-member 
exchange and job satisfaction. Furthermore, a positive correlation was established between leader-member 
exchange and job satisfaction among employees employed in Kuwait's private higher education sector. 
Moreover, the results partially validated the mediating effect of leader-member exchange in the relationship 
between servant leadership and employee job satisfaction. These results underscore the significance 
of integrating servant leadership principles into leadership approaches within this sector to improve employee 
satisfaction and overall organizational achievement. 
 
Keywords 
Job satisfaction; servant leadership; leader-member exchange; private higher education; mediation. 
 
Introduction  
Robert K. Greenleaf [1] coined the term "Servant Leadership" (SL) in 1970, defining it as putting serving before 
leading. According to Greenleaf, servant leaders aim to help followers grow healthier, wiser, more autonomous, 
and more likely to become servants themselves. Over the last few decades, there has been a growing interest 
in the topic of leadership. Scholars have noted that servant leaders operate at a higher level, with their focus 
being on serving others [2–4]. Due to changes in globalization, demographics, work practices, and technology, 
the concept of leadership has evolved. Studies have explored how leadership can impact organizational culture, 
employee performance, effectiveness, motivation, retention, and Job Satisfaction (JS) within organizations [4]. 
The most significant aspect of SL is its focus on serving first, and then aspiring to lead. The two dimensions 
of serving and leading in SL are crucial to the success and growth of an organization [2]. 
  
The achievement of an organization's objectives is intricately tied to the effectiveness of every facet 
of the company, particularly the performance of each hierarchical level, spanning from upper management 
to lower-tier employees. It is imperative to underscore that reaching high-performance levels necessitates the  
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cultivation of a strong sense of JS among employees [5]. Performance is fundamentally connected to the extent 
of dedication everyone dedicates to their respective tasks. Evaluating performance is vital as it provides a clear 
gauge of the extent to which personnel can successfully fulfil their assigned responsibilities [2]. As SL is connected 
to JS, it is possible to examine JS at the levels of the team, individual, and organization. Task performance 
is a common measure of individual performance (in-role behaviour) that can be used [6]. The authors in [7] found 
that SL indirectly affects task performance, with servant leaders promoting self-sufficiency and autonomy, 
resulting in higher levels of subordinates' performance. The pursuit of a "greater form and practice of leading" 
has been ongoing over the years. In recent studies, two non-leader-cantered styles have emerged: 
transformational leadership and SL. SL, in essence, is "leading by serving." This style of leadership focuses 
on the emotional needs, growth, and physical well-being of team members and the organization.  
 
By embodying attributes such as stewardship, healing, conceptualization, foresight, commitment to others' 
growth, empathy, persuasion, listening, building a community, and awareness, this style of leadership becomes 
a tool for establishing sustained relationships, emotional healing and support, and organizational constitution 
[8]. Employee JS can be influenced by a multitude of factors. According to the definition of JS mentioned earlier, 
it becomes apparent that satisfaction is inherently linked to the individual characteristics and subjectivity of each 
employee. However, there are identifiable commonalities that impact JS across board [9]. Conversely, some 
factors exert a significant influence on overall JS. For instance, opportunities for career advancement hold 
a substantial sway over JS. In this context, the chance to acquire experience and hone one's skills while on the job 
plays a pivotal role [10]. This study's importance is underscored by the scarcity of research focused on SL 
in the Middle East, particularly in Kuwait. No previous studies have explored the mediation impact of Leader-
Member Exchange (LMX) on JS and SL in private higher education institutions in Kuwait, making this study 
an important contribution to the field. This study contributes to the body of academia as follows.  

▪ It explores how adopting the SL style and its attributes can improve work engagement, create a strong 
academic community, and empower private higher education institutions in Kuwait. It investigates 
the relationship between SL and employee JS in the private sector of Kuwait and examines 
the mediating effect of LMX on this relationship.  

▪ It provides practical insights for leaders and managers in the private higher education sector, offering 
guidance on how adopting an SL approach can potentially enhance LMX and subsequently lead 
to increased employee JS. 

▪ This study affirms the mediating role of LMX in the connection between SL and JS. This underscores 
the significance of giving attention to LMX to enhance outcomes in the workplace. 

▪ By focusing on the private higher education sector, the study addresses a specific context that may have 
unique dynamics and challenges. This sector-specific insight is valuable for practitioners 
and policymakers in the field. 

▪ The findings and methodology of this study can serve as a basis for further research in leadership, LMX, 
and employee satisfaction in diverse sectors and industries. 
 

To tackle the shortage mentioned above, a survey was conducted among 240 employees in the private higher 
education sector in Kuwait. Out of the total surveys distributed, 205 were received and analysed from personnel 
who regularly report to their managers/leaders. The survey results unveiled noteworthy correlations between 
SL and JS, SL and LMX, as well as LMX and JS. Additionally, the findings offered partial validation for the notion 
that LMX acts as a mediator in the relationship between SL and JS. The paper's structure for the subsequent 
sections is as follows. The following subsections provide context, a review of related literature, and delve into 
the research model and the formulation of hypotheses. The research method is discussed in Section 2. The study 
findings and discussion are presented in Section 3. The impact of the study findings is discussed in Section 4 
and Section 5 offers concluding remarks for the study. 
 
Servant leadership 
Greenleaf [1] introduced the concept of SL which prioritizes human capital and focuses on the leader as a servant. 
His own experiences working for giant organizations and his study of Journey to the East by Herman Hesse served 
as the foundation for Greenleaf's concept of SL. Initially, Greenleaf's work was based on his observations rather 
than research. While other leadership styles emphasize achieving organizational goals and standards, SL 
prioritizes the needs of followers, with the organization's goals being met as a result. Moreover, SL is considered 
a philosophy of leadership that addresses ethical concerns and emphasizes morality, ethics, and virtues [6]. SL 
has gained research interest in the field of organizational studies, with a focus on leaders serving others first to 
achieve positive organizational outcomes. This shift towards serving others has changed the focus of leadership
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research from solely leading to balancing the paradox of leading and serving simultaneously [11]. While 
transformational and charismatic leaders can achieve remarkable outcomes, without ethical and moral 
considerations, their results could lead to disastrous consequences.  
 
Several studies have been conducted to investigate the impacts of SL within the higher education sector across 
different geographical regions. For example, Abbas et al. [12] explored SL effects in the higher education sector 
in Pakistan, while Al-Asfour et al. [13] examined the SL style's consequences in the context of higher education 
in the USA. Regarding the Middle East, Dahleez et al. [10] examined the effects of SL in the setting of Palestine's 
higher education industry and recommended that Palestinian colleges and universities embrace the SL style and 
provide management training to help them hone their SL abilities. Regarding SL in Gulf countries, a study 
conducted by Shafai et al. [14] investigated the correlation between SL and the role of administrators in higher 
education in the Kingdom of Saudi Arabia. The study aimed to produce successful leaders who prioritize meeting 
people's basic needs without abusing their power. However, there is currently a lack of research that adequately 
captures the practical application of SL approaches in higher education by Saudi leaders. As power and leadership 
are closely linked, it is essential to investigate how leaders use their authority in daily operations to gain a better 
understanding of their leadership styles [14]. 

 
Leader-member exchange 
According to Graen's LMX theory [15], leaders should forge various kinds of relationships or exchanges with each 
member rather than employing a single leadership style with all members [16]. The fundamental premise of LMX 
theory revolves around the idea that leadership is inherently varied within each leader-follower relationship. 
Consequently, employing a blanket or average leadership style to encapsulate the conduct of any leader does 
not hold much theoretical or practical validity. This is primarily because a leader's behaviour is inclined to vary 
based on the specific follower, they are interacting with [15]. Consequently, LMX theory transcends the mere 
characterization of leader-member relationships and instead provides recommendations for achieving 
an optimal state of affairs within a group [17]. 
 
SL, LMX, and JS are all essential components when setting an organization's goals and objectives and achieving 
success. High levels of collaboration, transparency, trust, and both informal and formal rewards indicate 
a positive relationship within a group. Leaders who prioritize the interests of their subordinates have 
an advantage in building such relationships. In contrast, strong task focus, and distrust are characteristics 
of a negative or inadequate relationship [17]. Instead of focusing on the more complex interaction between 
the leader and the followers, the LMX Theory studies the relationship between two variables (e.g., SL and JS). 
This study aims to investigate the effectiveness of SL in promoting employee JS and the mediating role of LMX 
in the relationship between JS and SL. SL, LMX, and JS are all crucial factors in establishing an organization's goals, 
objectives, and achievements.  

 
Job satisfaction 
JS is a complex and multifaceted term that can have different meanings for different individuals. While JS is often 
associated with motivation, the underlying reasons for this link are not well understood. Put differently, JS 
essentially measures the contentment of team members with their jobs and their employers. Both corporate 
leaders and personnel in staff development teams commonly employ this term to gain insights into how satisfied 
and content employees are in their roles. For an organization to continue evolving and adjusting effectively, it is 
imperative to recognize the factors that influence employee JS and take the necessary steps to achieve it [18]. 
 
Several studies have explored the factors that influence an individual's perception of JS. For example, Hasanuddin 
et al. [19] concluded that motivating elements had an impact on an employee's JS level. Conversely, Conant [20] 
found that JS and a desire to leave a job are associated with a lack of work responsibilities. Additionally, Kalifa et 
al. [18] found that employees who have been with a company for an extended period are less likely to quit. 
Employees who are content in their current roles are more likely to stay with the organization and not actively 
seek alternative employment. Therefore, managers in the casualty insurance industry should understand the 
impact of JS on employee retention to prevent employees from seeking alternative job opportunities. Lawler's 
theory [21] is prominent in studying the relationship between employee JS and leadership style. Lawler 
categorizes JS into four main theories: fulfilment, discrepancy, equity, and two-factor [21]. The discrepancy 
theory, one of the four theories, is focused on the gap between what employees expect and what they receive. 
The theory emphasizes that employees' expectations, evaluations, and hopes for their work are more important 
than what they have. To understand the gap between expectations and reality, Lawler suggests three questions 
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and reality, Lawler suggests three questions that should be considered: What are the employees' wishes? What 
do they have in mind? What are the possibilities for them? 
 
Discrepancy Theory suggests that JS is the result of a discrepancy between two judgments regarding valued 
characteristics of work [22]. This assessment is affected by a person's needs, desires, goals, beliefs, values, 
and aspirations, which are related to different JS theories. Here, the level of congruence between an individual's 
expectations of each component of their work and the experience of those components determines their level 
of satisfaction. Locke [22] defines JS as "a positive or pleasant emotional state resulting from the appraisal 
of one's job or job experiences." 

 
Related literature 
The involvement of LMX in the connection between SL and JS has received little attention in the literature. 
However, some earlier investigations looked at the link between JS and SL. For instance, in the study conducted 
by Sahin [23], an examination was made into the relationship between McGregor's Theory X and Y management 
styles and their impact on LMX. The results showed a positive correlation between Theory Y and LMX. 
Additionally, the study revealed that LMX acted as a mediator in the connection between affective commitment 
and Theory Y management [23]. In addition, Akdol et al. [17] conducted a study using quantitative data 
to investigate the influence of SL on JS and to explore the mediating effects of LMX on this relationship. According 
to the results, LMX somewhat mediated the association between JS and SL. In a study conducted by Aggarwal 
et al. [9], the authors reported that SL has a significant positive impact on LMX, and it also enhances employees' 
organizational commitment, except for continuous commitment. Additionally, they reported that LMX positively 
affects employees' commitment levels and SL mediates the relationship between employees’ commitment and 
LMX [9]. Previous studies have indicated that factors beyond LMX may impact the relationship between JS and 
SL. For instance, van Dierendonc et al. [24] proposed trust and justice in the psychological climate as important 
elements in this relationship. Additionally, Mayer et al. (2008) demonstrated that organizational justice partially 
mediates the link between SL and JS. Furthermore, Aboramadan et al. [25] reported that JS serves as a complete 
mediator in the relationship between educational performance and SL.  

 
Relationship between SL and JS  
Several studies have identified a noteworthy relationship between SL and JS [26–28]. Researchers have also 
compared SL practices with other organizational dynamics in various industries, such as academic institutions, 
daycares, community foundations, media, public works, health care, government, and high-tech. The results 
of these studies revealed that SL techniques and JS have a statistically significant positive association. Employee 
JS can be influenced by employee participation and trust, as well as the opportunity to participate in decision-
making and charting the organization's direction. These factors align with Patterson's SL model's components 
of trust and empowerment, making SL an ideal choice for enhancing employee JS [29]. Previous studies have 
found measurable effects of SL in different areas, including its influence on JS. Hebert et al. [27] reported 
a significant correlation between JS and SL. In their study, they assessed both intrinsic and extrinsic JS scale 
scores. Hebert et al. [27] found a strong positive correlation between JS and Laub's SL dimensions of developing 
people, valuing people, promoting community, offering leadership, demonstrating authenticity, and sharing 
leadership, as measured by the OLA and the MCMJSS. Herbert et al. [27] focused on the followers' perspective 
and found a strong association between their perception of SL and subjective and extrinsic JS, as evaluated 
by the MCMJSS.  
 
Previous research, such as the study conducted by Aboramadan et al. [25], found a significant relationship 
between SL and JS in educational institutions, indicating that SL positively impacts JS and ultimately leads 
to improved educational performance. Similarly, some researchers [30–33] have also found a strong association 
between SL and JS in several types of businesses and organizations. Accordingly, we propose. 

▪ H1: SL positively affects the JS in private institutions in Kuwait. 
 

Relationship between servant leadership and leader member exchange 
SL is known to develop a high level of LMX by empathizing with followers, focusing on their personal development 
needs, and building interpersonal trust with them [4]. This approach helps establish durable connections 
between servant leaders and their followers based on mutual trust and benefit. Earlier studies have 
demonstrated that SL is positively correlated with LMX for several causes, including the servant leaders' 
empathy, morality, and acceptance, which foster followers' trust [34]. By empowering their subordinates 
and offering them a respectable degree of responsibility based on their requirements and capabilities, servant 
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leaders can build strong relationships with their followers. This may lead followers to adopt the servant leader's 
principles and strive to earn their approval [17]. According to Zeng et al. [35], a harmonious relationship between 
followers and leaders is essential for the success of SL. SL's underlying belief in the intrinsic value of every 
individual is reflected in the genuine, humble, and accepting nature of servant leaders, who foster a safe work 
environment. The success of LMX may thus impact how followers perceive themselves because of SL. Based 
on these findings, we propose. 

▪ H2: SL positively affects the LMX in private institutions in Kuwait. 
 

Relationship between leader-member exchange and job satisfaction 
SL, LMX, and JS are important aspects of achieving an organization's goals and objectives. Various tools are 
available to measure LMX, with different dimensions and elements. Liden and Maslyn [16] proposed 
a conceptualized model consisting of four dimensions, which include affection, loyalty, contribution, and respect. 
The study by Janssen et al. [36] revealed that relationships between mastery orientation and leader-rated in-role 
work performance, and between JS and leader-rated inventive job performance are mediated by the LMX. 
Volmer et al. [37] that a strong LMX not only enhances JS but also promotes positive supervisor-employee 
relationships. Their research highlights the importance of considering the reciprocal relationships between LMX 
and JS when analysing workplace outcomes. In addition, Heriyadi et al. [38] conducted a study with 169 nursing 
staff in an Indonesian hospital to investigate the effect of LMX, JS, and work-life balance on organizational 
citizenship behaviour. The study found that LMX and work-life balance have a significant positive impact on JS 
and organizational citizenship behaviour, leading to improved performance in health services. Therefore, 
it is suggested that organizations should focus on developing strong LMX and promoting work-life balance 
to enhance JS and organizational citizenship behaviour, ultimately resulting in better performance. Based 
on these findings, we propose 

▪ H3: LMX positively affects the JS in private institutions in Kuwait. 
 

Mediating effect of leader-member exchange between servant leadership and job satisfaction 
Although the relationship between SL and JS has been extensively studied by researchers such as [24,25,27] 
studies exploring LMX's mediation role in the SL-JS interaction are few. According to Graen's LMX theory [15], 
leaders should cultivate distinct and individualized relationships with each follower, rather than employing 
a one-size-fits-all approach with their team members. By demonstrating empathy, emphasizing staff growth, 
and facilitating social trust, SL produces high-quality LMX. This leads to strong supportive relationships with each 
follower and reciprocally favourable relationships with subordinates and high levels of employee JS. LMX is often 
used as a mediator between SL and JS, and statistical research shows that being a part of the in-group with a high-
quality LMX connection led to greater rewards and JS, as leaders tend to entrust more choices to them. 
This information is derived from several studies, including those by [16,24,39,40]. Wu et al. (2013) anticipated 
a positive correlation between SL and LMX, attributing it to the ethical and accepting nature of servant leaders 
who empathize with their followers, thereby creating a sense of trust and empowerment. This, in turn, allows 
followers to exercise more autonomy and control over their work, leading to increased JS and a greater likelihood 
of meeting job requirements. Akdol et al. [17] conducted a study using quantitative data to examine the impact 
of SL on JS and they found that LMX mediation was significant yet partial, between JS and SL. Based on these 
findings, we propose.  

▪ H4: LMX mediates the relationship between SL and JS in private institutions in Kuwait.  
 
Methods 
Research process 
The article utilized a quantitative approach to test the relationships among SL, JS, and LMX. A survey 
questionnaire was designed to assess these connections, following the recommendation of Tsang et al. [41] 
to use the survey methodology for analysing and validating interactions among various structures or variables 
within a large population. The survey approach was chosen as it offers more detailed data than other methods, 
such as observation, and can help generalize the findings to the entire sample community [41]. The study utilized 
a structured questionnaire with two main sections, demographic information, and JS, to survey faculty 
representatives in private teaching institutions in Kuwait. The questionnaire utilized a Likert scale of five points 
(i.e., ranging from strongly disagree as 5 to strongly agree as 1). The inclusion of the neutral option on the scale 
helped minimize bias by not forcing participants to select a positive or negative response [42].  
 
To ensure that the questionnaire used in the study was accurate and dependable, we tested its face and content 
validity. Four management professors were surveyed to determine the questionnaire's content validity, and  
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three Ph.D. candidates were surveyed to determine the questionnaire's face validity. The purpose of the tests 
was to ensure that the questionnaire was understandable, readable, and in the right format and that its items 
were accurate. Based on the feedback received, we adjusted the questionnaire [43]. Additionally, we used 
snowball sampling to validate and refine the questionnaire, which involved sending it to seven people working 
as academic teachers in private universities in Kuwait and making changes to the questionnaire based on their 
feedback [42]. 

 
Participants 
In this research, a convenience sampling method was employed to choose participants from two private 
universities in Kuwait. These universities were the exclusive ones that consented to take part in the survey. 
Convenience sampling was deemed appropriate in this context, as it was the most feasible sampling method 
available for this study [44]. The survey was sent to a total of 240 educators. This study included full-time 
employees who work for 32 hours per week and focused on the Human Resources, Marketing, Finance, 
Operations, Sales, and Information Technology departments.  
 
Out of the 240 surveys that were distributed, a high survey response rate of 87.5% was achieved with the return 
of 210 questionnaires. To prepare the data for analysis, a cleaning process was undertaken to eliminate 
incomplete data using a multi-screening method, in line with the recommendations of Hair et al [44]. As a result 
of this preparation process, five surveys were excluded due to incomplete responses in over 10% of the cases. 
Ultimately, there were 205 usable responses for analysis. 

 
Partial Least Square-Structural Equation Modelling (PLS-SEM) 
PLS-SEM was employed in this study to analyse the data. A form of statistical multivariate analysis known as PLS-
SEM combines a structural model with a measurement model [45]. In contrast to the structural model, which 
concurrently evaluates the level of correlation among dependent and independent variables, the measurement 
model is utilized to investigate the connection between survey outcomes and the fundamental latent variables. 
The authors opted to use PLS-SEM because of the small sample size, the exploratory nature of the work, 
and the absence of constraints on the normality of the data [44]. 

 
Measures 
The study utilized three survey instruments to gather data on JS, SL, and LMX. The SL instrument was adopted 
from Liden et al. [46], the JS instrument (MCMJSS) was adopted from Mohrman et al. [47], and the LMX 
instrument was adopted from [15]. The complete list of indicators is provided in Table 1. According to the most 
recent PLS-SEM recommendations [44], all items with outer loadings below 0.7 were eliminated throughout the 
route analysis such that their removal did not affect the content validity. For SL, after running the initial loading 
test, SL2, SL6, SL8, SL17, SL18, SL19, and SL20 all scored above 0.7.  
 
However, due to collinearity between SL18 and SL19, we removed 18, which scored less than SL19. Similarly, for 
JS, all JS1, JS2, JS3, JS4, JS6, and JS8 all scored above 0.7. However, due to the collinearity between JS2 and JS3, 
we removed JS2, which scored less than JS3. For LMX, all items scored more than 0.7, except for LMX5, which 
was removed from further analysis. 
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Table 1. Questionnaire (1-totally disagree, 2-disagree, 3-neutral, 4-agree, 5-total agree). Source: [15,46,47]. 
 

I Servant leadership 
 

1 I would seek help from my immediate supervisor if I had a personal problem 1 2 3 4 5 

2 My immediate supervisor cares about my personal well-being 1 2 3 4 5 

3 My manager takes time to talk to me on a personal level 1 2 3 4 5 

4 My immediate supervisor can recognize when I'm down without asking me 1 2 3 4 5 

5 My immediate supervisor emphasizes the importance of giving back to the community 1 2 3 4 5 

6 My immediate supervisor is always interested in helping people in our community 1 2 3 4 5 

7 My immediate supervisor is involved in community activities 1 2 3 4 5 

8 I am encouraged by my immediate supervisor to volunteer in the community 1 2 3 4 5 

9 My immediate supervisor can tell if something is going wrong 1 2 3 4 5 

10 My immediate supervisor is able to effectively think through hard problems 1 2 3 4 5 

11 My immediate supervisor has a very good understanding of our organization and its goals 1 2 3 4 5 

12 My immediate supervisor can solve work problems with new or creative ideas 1 2 3 4 5 

13 My immediate supervisor gives me the responsibility to make important decisions about my job 1 2 3 4 5 

14 My immediate supervisor encourages me to handle important work decisions on my own 1 2 3 4 5 

15 My immediate supervisor gives me the freedom to handle hard situations in the way that I feel 
is best 

1 2 3 4 5 

16 When I have to make an important decision at work, I do not have to consult my immediate 
supervisor first 

1 2 3 4 5 

17 My career development (my improving and progressing in my career) is very important to my 
immediate supervisor 

1 2 3 4 5 

18 My immediate supervisor is interested in making sure that I achieve (reach) my career goals 1 2 3 4 5 

19 My immediate supervisor provides me with work experiences that enable me to develop new 
skills 

1 2 3 4 5 

20 My immediate supervisor wants to know about my career goals 1 2 3 4 5 

21 My immediate supervisor seems to care more about my success than his/her own 1 2 3 4 5 

22 My immediate supervisor puts my best interests ahead of his/her own 1 2 3 4 5 

23 My immediate supervisor sacrifices his/her own interests to meet my needs 1 2 3 4 5 

24 My immediate supervisor does what she/he can do to make my job easier. 1 2 3 4 5 

25 My immediate supervisor holds high ethical (moral) standards 1 2 3 4 5 

26 My immediate supervisor is always honest 1 2 3 4 5 

27 My immediate supervisor would not compromise ethical (moral) principles (standards/values) 
(give in to wrong values or behaviour) in order to achieve (reach) success 

1 2 3 4 5 

28 My immediate supervisor values honesty (telling the truth) more than profits (money) 1 2 3 4 5 

II Leader member exchange 
 

     

1. I know where I stand with my leader (follower) . . . [and] I usually know how satisfied my leader 
(follower) is with what I do? 

1 2 3 4 5 

2 My leader (follower) understands well my job problems and needs 1 2 3 4 5 

3 My leader (follower) recognizes well my potential 1 2 3 4 5 

4 Regardless of how much formal authority my leader (follower) has built into his or her position, 
I have high chances that my leader (follower) would use his or her power to help me solve 
problems in my work 

1 2 3 4 5 

5 Regardless of the amount of formal authority my leader (follower) has, I have high chances that 
my leader would “bail me out” at his or her expense 

1 2 3 4 5 

6 I have enough confidence in my leader (follower) that I would defend and justify his or her 
decision if he or she were not present to do so. 

1 2 3 4 5 

7 I would characterize my working relationship with my leader (follower) as extremely effective 1 2 3 4 5 

III Job satisfaction 
 

     

1 The feeling of self-esteem or self-respect you get from being in your job. 1 2 3 4 5 

2 The opportunity for personal growth development in your job 1 2 3 4 5 

3 The feeling of worthwhile accomplishment in your job 1 2 3 4 5 

4 Your present job when you consider the expectations you had when you took the job 1 2 3 4 5 

5 The amount of respect and fair treatment you receive from your supervisors 1 2 3 4 5 

6 The feeling of being informed in your job  1 2 3 4 5 

7 The amount of supervision you receive  1 2 3 4 5 

8 The opportunity for participation in the determination of methods, procedures, and goals 1 2 3 4 5 
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Results and discussion 
Demographic profile of respondents 
The respondents' demographic profile is shown in Table 2. Considerations include gender, age, employment 
history, and qualifications. 51.2% of respondents were female, compared to 48.8% of respondents who were 
males. 64% of the participants were aged between 29 and 35, making 70% of respondents. More than 74 had 
experience between one to five years. The majority of the respondents (80%) held a bachelor's degree. 
 
Table 2. Respondent demographics. Source: Authors. 

 
Characteristic Frequency Percentage 

 

Gender 
Female 105 51.2% 

Male 100 48.8% 

Age 

Equal to or below 28 45 21.9% 

29-35 131 63.9% 

36-45 20 9.8% 

Equal to or above 46 9 4.4% 

Work experience 

1-5 years 152 74.1% 

6-10 28 13.7% 

11- 20 22 10.7% 

More than 20 3 1.5% 

Qualification 

Bachelor 164 80% 

12th class 9 4.4% 

10th class 1 0.5% 

post-graduation 31 15.1% 

 
To ensure that nonresponse bias does not affect the data analysis, the sample was split into two groups; an early 
group and a late group and compared their responses using demographic variables [42]. The lack of substantial 
variations among the two groups in the data suggests that nonresponse bias is not considered a serious issue. 
Additionally, the researchers used Harman's one-factor test to check for process bias, and the results showed 
that no one factor could account for a sizable portion of the variation, as recommended by MacKenzie et al. [48]. 
Thus, this problem did not affect the validity of the calculations. Finally, to reduce common method biases, 
the researchers scattered items that refer to the same construct throughout the questionnaire, rather than 
clustering them together [49]. 

 
Measurement validation 
The measures of SL, LMX, and JS were considered reflective indicators that are influenced by their respective 
latent constructs, according to the modelling approach used in this study [45]. To confirm the validity 
of the model, we employed the SmartPLS 4.0 software [50] and conducted tests for construct validity 
and reliability for all indicators. Our findings showed that all items had satisfactory levels of validity and reliability. 
A number of parameters, such as reliability and outer loadings of indicators, discriminant validity, construct 
reliability, and convergent validity, were explored to evaluate the measurement model. The ideal threshold 
for outer loadings is 0.7, and in Table 3, all the items included had outer loadings larger than 0.7 [45]. However, 
some items with lower loadings were excluded from further analysis to ensure that the indicator's reliability was 
supported. In total, the final analysis used six items for SL, six items for LMX, and five items for JS, having minimal 
impact on the model's overall fit. In this study, the researchers assessed the construct reliability using two 
measures, namely Cronbach Alpha (α) and Composite Reliability (CR). An ideal threshold value of 0.7 was used 
for both measures to evaluate the construct reliability [45]. According to Table 4, the CR and α values for the 
constructs were above 0.7, indicating satisfactory construct reliability. The convergent validity was tested using 
the Average Variance Extracted (AVE). Each construct has a larger AVE value than 0.7, as shown in Table 4, 
suggesting sufficient convergent validity. 
 
To ensure discriminant validity, the study conducted two tests: cross-loadings, the Fornell and Larcker criterion, 
and Heterotrait-Monotrait (HTMT) ratio [45]. No indicator had a stronger load on competing constructs than any 
other, according to the cross-loading test. The Fornell and Larcker criterion showed that each construct has 
a square root of AVE that exceeds the maximum degree of similarity to other constructs. The bold diagonal cells, 
shown in Table 4, correspond to the AVE values. As depicted in Table 5, the findings demonstrated that each 
group of constructs' HTMT ratio fell well short of the conservative threshold of 80. All these tests indicated that 
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the discriminant validity criteria for all constructs were met.  
 
Table 3. Construct indicator; VIF and loading; *P < .10 (T >1.65), **P < .05 (T > 1.96), ***P < .01 (T >2.58). Source: Authors. 

 
  SL LMX JS 

  
SL 2 0.719 *** 0.542 0.594 

SL 6 0.748 *** 0.561 0.597 

SL 8 0.721 *** 0.543 0.478 

SL 17 0.740 *** 0.544 0.572 

SL 19 0.776 *** 0.503 0.460 

SL 20 0.772 *** 0.532 0.513 

LMX 1 0.557 0.781 *** 0.549 

LMX 2 0.594 0.848 *** 0.542 

LMX 3 0.587 0.831 *** 0.595 

LMX 4 0.585 0.789 *** 0.550 

LMX 6 0.574 0.817 *** 0.577 

LMX 7 0.638 0.841 *** 0.610 

JS 1 0.556 0.561 0.742 *** 

JS 3 0.616 0.573 0.859 *** 

JS 4 0.517 0.463 0.779 *** 

JS 6 0.524 0.570 0.752 *** 

JS 8 0.608 0.563 0.787 *** 

 
Table 4. AVE, α, and CR results. Source: Authors. 

 
Latent construct Α CR AVE JS LMX SL 

 

JS 0.843 *** 0.846 *** 0.616 *** 0.785   

LMX 0.901 *** 0.902 *** 0.669 *** 0.698 0.818  

SL 0.841 *** 0.843 *** 0.557 *** 0.722 0.721 0.746 

 
Table 5. Direct and indirect effects, HTMT, and effect size (𝑓2). Source: Authors. 
 

Relationship HTMT 
ratio 

VIF 𝑓2 value Direct 
effect 

Lower 
Interval 
(2.5%) 

Upper 
Interval 
(97.5%) 

Indirect 
effect 

Lower 
Interval 
(2.5%) 

Upper 
Interval 
(97.5%) 
 

SL → JS 0.849 2.082 0.240 0.455 *** 0.320 0.592 0.267 *** 0.149 0.390 

SL → LMX 0.826 1.000 0.450 0.721 *** 0.646 0.790    

LMX → JS 0.798 2.082 0.160 0.371 *** 0.211 0.522    

 
Test of the Structural Model 
To evaluate the structural model the PLS algorithm and bootstrapping (The bootstrapping was run with 
the following settings: Subsamples: 5000, Complete Bootstrapping, Confidence: Two tailed, Sig. Level: 0.05, 
and 206 cases) procedures were utilized and several steps were conducted, including assessing the model fit, 
the structural relationships for multicollinearity, regression, testing hypotheses, the R2, and the 𝑓2 statistic [45]. 
The Standardized Root Mean Square Residual (SRMR) test was utilized to evaluate the model fit (i.e., the degree 
to which the empirical data matches the conceptual model under examination and quantifies the disparity 
between observed and predicted correlations). A smaller SRMR indicates a better fit between the model's 
structures and the real-world phenomenon, and an SRMR value less than 0.10 (or 0.08 for a more conservative 
view) is generally considered indicative of a good fit [50]. Our PLS analysis revealed an SRMR value of 0.069, 
which is less than 0.08, indicating a good fit for the test model. 
 
To assess multicollinearity, we used the Variance Inflation Factor (VIF), which should be below 3 [45], as depicted 
in Table 5. Another important structural model test is the consistency and significance of the path coefficients 
to evaluate the strength of the relationships between variables. As noted by Hair et al. [45], significant path 
coefficients are important to confirm that a relationship between two constructs exists. The path coefficients 
and significance for each path are displayed in Figure 1 and summarized as direct effects in Table 5. Our findings 
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indicated that all hypotheses were supported. Specifically, SL had a significant impact on JS (H1) (B=0.445, 
p<0.01), SL had a significant impact on LMX (H2) (B=0.721, p<0.01), and LMX had a significant impact on JS (H3) 
(B=0.371, p<0.01).  
 
R2 is a metric used to evaluate how well the model can predict the dependent variable based on the independent 
variables. An R2 value of 0.25, 0.50, or 0.75 indicates weak, moderate, or substantial accuracy prediction, 
respectively [45]. In this study, the R2 values for SL predicting LMX and JS are 52% and 58.7%, respectively, 
indicating moderate predictive accuracy. Another test that evaluates the strength between two variables is the 
f2 effect size, with values of 0.02, 0.15, and 0.35 indicating small, medium, and large effect sizes, respectively 
[45]. The study found that SL and LMX have a moderate or medium effect size on JS (f2 = 0.24 and 0.16, 
respectively), while SL has a large effect size on LMX (f2 = 0.45). 

 

 
Figure 1. Partial least square SEM results. Source: Authors. 

 
Test of the Mediation of LMX on the Relationship between LS and JS 
To evaluate the mediating effect of LMX, we followed the approach recommended by Zhao et al. (2010), in which 
the indirect effects (i.e., SL * LMX) indicate whether LMX mediates the impact of SL on JS. If the indirect effect 
is significant, we then proceed to examine the direct effect [51]. If the direct effect is significant, it suggests 
complementary (partial) mediation, while an insignificant direct effect suggests indirect (full) mediation. Our 
findings reveal a significant indirect effect (B=0.267, p<0.01, T=4.427) and a significant direct effect of SL on JS 
(B=0.445, p<0.01, T=4.754). These findings imply that the association between JS and SL is either complementary 
or partially mediated by LMX.  

 
Gender-based Analysis 
To determine whether there were any gender differences in the hypotheses, we compared the male and female 
groups. Given that there were 100 male cases and 105 female cases, we analysed the first 100 cases of the female 
group and performed PLS analysis on both groups. The results are displayed in Table 6 and reveal a minor 
distinction between the two groups. Specifically, the male group exhibited greater significance for H1 and H2, 
while the female group exhibited more significance for H3 and H4. Notably, our findings suggest that 
the mediation role of LMX is more apparent for females, in the relationship between JS and SL, as indicated 
by H4. 
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Table 6. Group analysis results. Source: Authors. 
 

Gender H1 H2 H3 H4 R2 

 

Male 0.537*** 0.744*** 0.294*** 0.222** JS=0.611, LMX=0.553 

Female 0.395*** 0.702*** 0.472*** 0.331*** JS=0.640, LMX=0.492 

 
Discussion 
This study investigated the mediation effect of LMX in the relationship between JS and SL in private universities 
in Kuwait. The study investigated several hypotheses, namely SL and JS (H1), SL and LMX (H2), LMX and JS (H3), 
and the mediation effect of LMX (H4). We analysed the data collected (205 surveys) from two universities using 
PLS-SEM. The results showed that in the SL style, there is a strong emphasis on supporting followers rather than 
trying to align their interests with those of the organization. SL plays a vital role in influencing LMX and LMX 
partially mediates the relationship between JS and SL. Additionally, LMX may play a crucial role in influencing 
follower happiness and contentment. In the following sections, the implications and research limitations 
are discussed. JS and SL are connected because when leaders put their followers' needs first, it can increase 
their sense of fulfilment at work. When leaders demonstrate SL traits like empathy, listening, and autonomy, 
they foster a productive workplace that can raise employee JS. Also, servant leaders may provide their followers 
the chance to explore their passions and grow their talents, which may enhance their overall JS. However, the 
robustness of the connection between commitment and SL might fluctuate contingent upon numerous factors, 
such as organizational culture, individual disparities among employees, and the distinct conduct of the servant 
leader. As no study is completely inclusive of all possible aspects, some limitations throughout the study were 
to be noted. As such, the study included two private higher education institutions situated in a specific 
geographical area with a sample size of 205, and thus the findings and results obtained from this research may 
not apply to other regions. Data and results from different geographical sites could vary and differ from those 
of this study. In addition, the sample size of the studied population, which is 205 may not be large, however, PLS-
SEM has the capability and robustness to analyse as small as 30 samples [52]. Another limitation of this study 
lies within the chosen sample as not all academic institutions and their faculties/departments were surveyed, 
as well as the cohort of the higher education institutions’ members and employees as this study focused mainly 
on the non-faculty (i.e., administration individuals such as employees from executive roles, manager group, 
and personnel group (team leaders, supervisors, employees)). This may decrease efficiency 
and representativeness. 
 
Impact 
Advocates of SL argue that there are numerous benefits to this leadership style. Empowered staff tend to work 
more creatively and innovatively, resulting in greater engagement, purpose-driven attitudes, and lower turnover 
costs for the organization. The findings confirmed that implementing the SL style in private higher education 
institutions in Kuwait has a positive impact on employees' level of JS, leading to better employee outcomes 
and productivity, which supports the first hypothesis (H1). These findings provide insights into the potential 
benefits of applying SL and the importance of balancing learning, service, and leadership [25]. This result 
is consistent with other research that showed the positive effects of SL on JS [53,54]. Nevertheless, research 
by Liu et al. [55] on Chinese public sector employees showed that they were unable to properly recognize all 
the aspects of SL, highlighting the need to consider its dimensionality in many situations. The findings also 
suggest that the SL approach can be a useful tool for team leaders, supervisors, and managers in the higher 
education sector to improve employee outcomes, such as JS, productivity, and retention, and enhance the long-
term vitality of their organizations [11]. The results also offer proof that embracing the SL approach results 
in an elevated standard of LMX and a more robust bond between the leader and their followers, as indicated by 
Hypothesis 2 (H2). This finding is consistent with other earlier research that looked at the connection between 
SL and LMX and demonstrated a positive effect of SL on LMX (e.g., [33,56]). Leaders who defer credit to others, 
maintain a low profile, and refrain from seeking praise or rewards for their achievements on behalf of others can 
decrease employee satisfaction levels [12]. As servant leaders place a great value on their followers' individual 
consideration and relationship-building, SL may help create LMX partnerships of the highest calibre. Servant 
leaders may foster good interactions that strengthen trust and loyalty with their followers by actively listening 
to their followers' needs and responding with encouragement and empowerment [57]. Strong LMX connections 
can support the JS level (H3). This finding aligns with prior research endeavours that have explored 
the connection between JS and LMX (e.g., 36-37). Strong ties between leaders and followers may make them 
feel more at ease talking openly and working together to achieve common objectives, which can promote an SL
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Employees' goal orientations, the quality of leader-member exchange, and the outcomes of job performance 
and job satisfaction culture inside the company and result in more JS. Building trust, affection, and mutual respect 
at the LMX stage of personalized relationships leads to the formation of stronger links between leaders 
and followers. Well-trained and trusted employees can continue to grow as future leaders, ensuring 
the organization's long-term vitality.  
 
The findings, however, partially supported (H4). This result is in line with Akdol et al. [17] findings. This partial 
mediation may mean that the mediation role of LMX might be effective and positive under certain circumstances 
on the relationship between JS and SL. This may also suggest that other factors may also play a role 
in determining employee satisfaction. The findings of this research may help leaders in the importance 
of prioritizing employee needs, providing them with encouragement and praise, and establishing personalized 
relationships based on trust, respect, and mutual affection. Moreover, team leaders, supervisors, and managers 
can foster a culture of empowerment by delegating responsibilities, providing opportunities for skill 
development and growth, and recognizing employees' contributions and achievements. To sum up, leaders have 
the authority, influence, and ability to grow and expand employees’ JS levels when they demonstrate leadership 
behaviours, acquire definite leadership styles, and define their position as leaders. This means that these team 
leaders and managers must expand and enhance their leadership services and talents, as well as adapt their 
leadership style to the circumstances, settings, and goals they intend to attain. Furthermore, administrative 
leadership recruiting, for example, which is based on a psychometric exam on SL leader style and readiness, may 
need to provide leadership style training and growth to all managers and leaders in the institution.  
 
Conclusions 
This research endeavours to investigate the influence of SL on JS and to scrutinize the connections between LMX 
and JS, and LMX and SL, specifically within the private universities in Kuwait. Furthermore, the study aims 
to assess the mediating role played by LMX in the connection between JS and SL in this sector. Furthermore, 
the study sought to examine gender differences in the data analysis. The research employed PLS-SEM to test 
several hypotheses on the connections between SL, JS, and LMX. According to the findings, there were positive 
and significant relationships observed between SL and JS (H1), SL and LMX (H2), and LMX and JS (H3). However, 
the mediation impact of LMX (H4) was only partially supported. It was also found that there were no significant 
differences between males and females in all hypotheses. In conclusion, SL, LMX, and JS are connected 
conceptions that may have an impact on one another. Positive LMX connections may be facilitated and increased 
levels of JS among followers through SL activities like empathy and empowerment. Like this, strong LMX 
connections might encourage an SL culture where leaders put their followers' development and well-being first. 
High levels of JS among workers may increase their propensity to form wholesome LMX connections and regard 
their managers as servant leaders. Generally, these ideas are linked and may cooperate to produce productive 
workplaces and outcomes for people and organizations. To further validate the findings, future research could 
be conducted in other countries within the Middle East region and with a larger sample size that includes more 
institutions. 
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Highlight 
The import and export of second-hand clothing require international cooperation to overcome circularity gaps 
and reduce the associated environmental and social issues. 
 
Abstract 
This paper explores the global dynamics of second-hand clothing (SHC) in light of the circular economy to identify 
gaps and suggest pathways to reduce negative impacts on the sector. The analysis identifies current global 
patterns of SHC international trade and the main hotspots, in order to build a framework for action. 
The framework incorporates the main stakeholders and a set of actions aimed at reducing the environmental 
and social issues associated with the international trade of SHC. The analysis suggests that the framework may 
reduce risks and facilitate the transition to a just circular economy in the SHC sector. 
 
Keywords 
Circular economy; sustainable fashion; second-hand clothing; international trade; cooperation. 
 
Introduction 
Sustainability and (ultra) fast fashion 
In recent decades, studies have shown that current consumption patterns are contributing to environmental 
degradation and natural resource depletion, endangering both the global equilibrium and well-being. Production 
and consumption are based on a take-make-dispose model, associated with increased material extraction 
and waste. Accordingly, the global material footprint has been growing, with research estimating an increase 
of 113% between the years 1990 and 2000, outpacing growth in population and economic output [1]. Annual 
waste generation is also showing an upward trend, and scholars have estimated that it will increase by 70% 
between 2016 to 2050, achieving a final level of 3.40 billion tonnes [2]. These trends reflect that contemporary 
patterns of consumption have become a threat to sustainable ways of living. The 2030 Agenda of the United 
Nations emphasises the importance of moderate levels of consumption and production, to achieve sustainable 
development [3]. Sustainability further implies the minimal use of natural resources and toxic materials 
and the minimal emission of waste and pollutants over the product life cycle [4]. Therefore, there is an acute 
need to transform consumption and production through a more efficient use of resources and the reduction 
of waste. 
 
Fashion is a key sector for sustainability efforts due to its significant environmental and social impact. Studies 
have shown that many practices throughout the value chain are unsustainable due to their high resource usage 
and waste generation. In more detail, scholars have estimated that the fashion sector is responsible for 8 to 10% 
of CO2 global emissions [5]. Additionally, the sector uses a large amount of fresh water for different processes 
in the value chain, and this water is subsequently discharged without treatment, with a significant impact 
on aquatic ecosystems [6]. Textiles further account for approximately 9% of annual microplastic losses to oceans 
[7]. Moreover, the apparel industry has been criticised for its poor performance on social sustainability markers 
with regards to human rights and labour conditions [8]. Despite the above-mentioned issues, the fashion sector 
continues to grow, driven by rising consumer demand. Currently, an average of 26kg of textiles per person are 
consumed each year in European households, and approximately 11kg are discarded [9]. Studies have estimated
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that, by 2030, the consumption of clothing and footwear will increase by 63% [10]. The ‘fast fashion’ 
phenomenon has contributed to accelerating these consumption patterns. This model, which is characterised 
by a high number of product collections each year, stimulates overconsumption and the frequent replacement 
of garments, leading to significant textile waste. As a result of affordable prices and the drive for newness 
in the fashion sector, clothing consumption has doubled over the past few years, whilst the utilisation 
of garments has decreased [11]. Moreover, the emergence of so-called ‘ultra-fast fashion’ has placed 
the achievement of a sustainable fashion industry at further risk. Ultra-fast fashion is characterised 
by the provision of fashion items at an even faster pace relative to fast fashion [12]. While fast fashion introduces 
2,000 to 11,000 garments to the market annually, ultra-fast fashion introduces 11,000 to 200,000 garments, 
supported by lead times as short as only a few days [12]. Thus, while ultra-fast fashion might present some 
advantages in terms of material efficiency (i.e., reduced inventories, local production, on-demand 
manufacturing), the large number of items introduced to the market encourages overconsumption, creating new 
issues in the sector. 
 
Currently, the end-of-life (EoL) phase in the clothing life cycle demonstrates low sustainability, driven 
by the excessive waste generation attributable to fast and ultra-fast fashion. According to some sources, only 
20% of clothing is reused or recycled at the EoL, with the rest deposited in landfills or incinerated [13]. The linear 
consumption model that is currently evidenced in the fashion industry is not sustainable. Rather, production 
and consumption models must be redesigned to decelerate resource usage and waste generation in this industry. 
Circularity Gaps in the Fashion Sector  
The circular economy (CE) represents an alternative to the linear economy model, aligned with environmental 
sustainability and economic development [14]. Specifically, the model aims at maintaining materials’ economic 
and environmental values for as long as possible, through recirculation, prolonged usage or reuse [15]. 
This is accomplished via three main principles (i) ‘designing out’ waste and pollution, (ii) keeping products 
and materials in use and (iii) regenerating natural systems [16].  Thus, these processes serve as effective 
guidelines for strategies aimed at transforming production and consumption systems. For technical cycles, the CE 
proposes different strategies to minimise systematic leakage and negative externalities [16]. The aim is to ensure 
materials and products are recirculated for as long as possible, by maintaining or prolonging product lifespans, 
refurbishing or remanufacturing, and recycling [17].  
 
The European Commission aims at scaling up the CE to reach mainstream economic players, in order to support 
efforts to achieve a climate-neutral society by 2050 and decouple economic growth from resource use [18]. 
The EU New Circular Economy Action Plan classifies the textile industry as a target sector for such initiatives, 
since it is among the most resource-intensive sectors and has high circularity potential [19]. To date, some 
implementations of the CE have emerged in the fashion sector. Resale, rental, repair and remake are increasing. 
Such business models have the potential to grow from a current market share of 3.5% to achieve 23% 
of the market by 2030 [20]. However, despite the interest of many stakeholders in moving towards a circular 
fashion industry, the sector faces numerous challenges. The following section explores a relevant gap 
in the transition to a circular textile sector, represented by the international second-hand clothing (SHC) market. 
 
Issues in Current Circular Schemes: International Trade in Second-Hand Clothing  
The past decade has seen several developments in circular strategies in the fashion sector. Among these, some 
frameworks have focused on reducing environmental impacts through material recovery (e.g., ‘design-for-
recycling’ strategies [21]), while others have employed a life-cycle perspective to improve production practices 
and reduce the risk of harm [22]. Still other circular strategies have explored ways of recycling textile waste. 
However, due to the complexity of these processes and the fact that most of the materials in clothing are mixed 
[23], less than 1% of clothes are actually recycled as clothing [24]. Sandin and Peters [25] concluded that, in many 
studies, reuse has been considered more environmentally beneficial than recycling. For this reason, the recovery, 
redistribution and reuse of garments have been emphasised as the most sustainable and circular alternatives 
with the lowest environmental impact. However, despite efforts to engage in these activities, the fashion sector 
still faces many challenges. One of these is the EoL of products, when observed through the lens of global 
networks. 
Economic globalisation has changed the dynamics of value chains. According to the UNCTAD, 80% 
of international trade is structured through global production networks [26], representing ‘organizational 
platforms through which actors in different regional and national economies compete and cooperate for 
a greater share of value creation, transformation, and capture through geographically dispersed economic 
activity’ [26]. This fact is useful for unveiling some of the gaps in the CE framework linked to the current imbalance 
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between garment consumption and production. The fashion supply chain is built upon a complex set 
of operations (e.g., cultivation and creation of raw materials, fibre processing, clothing manufacturing) that are 
frequently carried out in different parts of the world [27]. Thus, a global production network approach may 
contribute insights into the CE and sustainability of the fashion industry by shedding light on the dynamics 
of the international trade in SHC.  
 
While much previous research has explored the CE concept, less attention has been given to its social dimension, 
relative to its environmental aspects [28,29]. In particular, only a few studies have analysed the relevance 
of international trade to circular models. However, researchers have started to explore asymmetries between 
the Global North and Global South in different sectors (including the fashion industry) [30,31], highlighting 
the limitations of current models of international trade – particularly in the export of waste, which poses 
environmental and social justice issues.  
 
Government bodies have also begun to acknowledge the implications of unsustainable practices in the fashion 
sector. As an example, the European Commission envisioned a pathway to sustainability and circularity 
in the textile sector by the year 2030 [10], addressing several issues, including improvements in garment 
durability, green claims assurances, and EoL strategies (i.e., repair and recycling). More recently, a harmonised 
Extended Producer Responsibility (EPR) scheme for 2030 across European states was proposed. Additionally, 
the proposal for the amendment to the Waste Framework Directive [32] outlines problems linked to the sorting, 
commercialisation and export of used textiles, highlighting the need for greater consistency in waste 
classification and harmonised quantification systems across the region. These legislative initiatives indicate 
the need for a deeper understanding of current issues pertaining to circular models at the international level, 
identifying risks and opportunities for closing the loop in the textile sector.  
 
Methods  
This section describes the methodology employed for the current research. The study was based on desk 
research, integrating different qualitative and quantitative sources to gain a broad understanding of the issue. 
The research proceeded in three main stages: (i) identification and review of the relevant literature, including 
the scientific and ‘grey’ literature; (ii) analysis of data from trade databases and (iii) definition of a framework 
for action based on the results of the analysis. The first stage involved the identification and review 
of the relevant literature. In this process, grey literature provided an important source of information, given 
the increased attention to the fashion sector evidenced by NGOs and civil society organisations in recent years. 
The identification of relevant literature (both scientific and grey) was guided by the aim of deepening our 
understanding of trajectories of SHC market and relevant stakeholders throughout the value chain.  
 
The second stage involved the analysis of trade statistics, using the United Nations Comtrade database [33]. 
This database provides detailed global trade statistics for individual products and trading partners, shedding light 
on the dynamics of global trade in the SHC. The database employs a specific ‘Harmonised System Code’ (HS Code 
2017) for ‘used textiles’ (No. 63), referring to ‘Textiles, made-up articles; sets; worn clothing and worn textile 
articles; and rags’. Since the focus of the research was SHC, the analysis used data specifically from subsection 
(No. 6309), describing textiles in the form of ‘worn clothing and other worn articles’, while excluding other 
subcategories (e.g., bed and table linen, curtains, blankets, travelling rugs, furnishing articles, tents, rags). Due 
to data asymmetries with regard to import-export value, an additional analysis was conducted comparing 
bilateral SHC trade values in an effort to shed light on the observed differences. 
 
In the third stage, all of the collected data were analysed to classify the main issues in the value chain and their 
relative levels of risk. This analysis informed the development of a framework for action accompanied by a set 
of recommendations. The framework was organised according to individual agents and their potential areas 
of intervention. 
 
Results and Discussion 
International Trade of SHC: Trajectories and Trends 
Before proposing alternative practices aimed at increasing the sustainability of the textile sector, it is important 
to first acknowledge the environmental and social impacts of all steps in the value chain, including post- 
consumption, and issues associated with current models of circularity from a global perspective. This section 
presents the results of the analysis of the literature and trading statistics to determine common trajectories 
in the international trade of SHC. Additionally, it reveals some global asymmetries in the SHC trade flow. Finally,
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it explores relevant cases to illustrate important facets of the issue. Excess clothing production and consumption 
driven by fast and ultra-fast fashion models is the starting point for the global network. In the Global North, 
discarded items become raw materials for the value chain, with “a vast surplus of used clothing” [34] deposited 
in the Global South, creating complex dynamics that will be further discussed below. Figure 1 illustrates 
the stages of the fashion value chain, also showing the geographical locations in which operations occur. It can 
be observed that, while most of the manufacturing processes are located in the Global South, the products are 
generally consumed in markets in the Global North – particularly within the United States, the United Kingdom 
and the EU [5]. This indicates an unbalanced distribution of environmental impacts in the production phase. 
In addition, once unwanted garments are discarded by consumers in the Global North, there is a high probability 
that they will travel to the Global South as second-hand items. 

 
Figure 1. Stages of new and second-hand garments. Source: own elaboration based on [5,34–37]. 

 
Trajectories: From donation to markets in the Global South 
A closer look at the SHC market reveals intricate nodes within a larger global network. Research has identified 
some of the issues regarding the international trade of SHC, highlighting a dominant trade flow from the Global 
North to the Global South [34,37,38]. However, the dynamics of the trade activities, as well as the involved 
agents, have been here analysed with the aim of proposing some cooperation strategies. From the different 
sources analysed, we were able to unravel the complexity of the international trade of SHC, identifying the main 
actions and the points at which significant issues arise. Figure 2 presents a synthesis of the findings, illustrating 
the relevant steps taken by SHC goods from the collection point to the final destination. 
 
Typically, collection occurs in the Global North – normally as a donation [34,36]. These goods are later 
commercialised when charities sell the majority of the donated goods to private companies, which subsequently 
export them [39]. Recently, for-profit organisations (particularly in the United Kingdom) have begun 
to systematically collect SHC, often through textile banks or door-to-door collection [40]. Where SHC is donated 
to charities, the charities conduct an initial selection of the goods, keeping the best quality items for direct-to-
consumer sale and selling the remainder to wholesalers, who initiate a new sorting process. Some companies 
outsource their sorting processes to operators in other countries [36,41] , in order to minimise costs. However, 
the energy required to transport the merchandise abroad adds to the carbon footprint.  
 
The classification of garments prior to export has become a complex process. Items must be ranked in quality 
to determine their potential for local resale or, conversely, their potential for export due to specific 
characteristics. Some companies employ up to 400 categories in their sorting process [37]. The sorting aims 
at determining a grade for the quality of items to determine their final destination: items with better quality 
reach higher-value markets (i.e., East Europe) while those with lower quality reach countries in the Global South 
(i.e., African countries, Pakistan, Syria) [34]. Although sorting centres have operational rules, their sorting process 
remains unclear, particularly for importers and local buyers of second-hand clothing.  
 
Sorting and exporting (in the form of bales weighing up to 50kg) is a high-risk activity, due to information 
asymmetry. Exporters, who design and manage the textile sorting system, hold significantly more information 
about the characteristics and quality of the items they are selling than the customers who are buying them [42]. 
Since bales of SHC are sold ‘closed’, buyers are unaware of what they contain, often with negative effects. Studies 
have shown that buyers of bales often declare that a large proportion of the contents lack sufficient quality for 
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sale. Thus, there is a high probability that retailers will discard unsellable items. For example, Rivoli found that 
many retailers obtained 90% of a bale’s value from only 10% of the content [37]. Similarly, Brooks observed that, 
since the quality of donations is very limited in the United Kingdom, textile merchants commonly include low-
grade clothing in high-quality bales in an effort to maximise profit [34]. Such practices hinder the possibility 
of achieving a fair CE. Improving information symmetry would not only ensure that buyers get what they pay for, 
but also reduce shipping waste.  
 

 
 
Figure 2. The trajectory of second-hand imported clothing. Source: own elaboration based on [34,36,37,40]. 
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Our analysis of the flow of imported SHC highlighted the main risks to achieving a closed loop in the value chain. 
Figure 3 shows a circular model for goods on the outer circle and, on the inner circle, the real cycle of imported 
SHC. As previously discussed, SHC does not travel along a closed loop. Instead, many items are discarded during 
the first process of sorting and, after the bales are acquired by local retailers, more items are discarded 
in a second process of selecting garments with resale value.  
 

 

Figure 3. Circular model and the trajectory of second-hand clothing. Source: own elaboration using Freepik sources. 

 
Due to the large amount of clothing arriving in destination countries and the constant decrease in clothing 
quality, it has been estimated that up to 40% of each imported bale ends up in a landfill within a week of receipt. 
However, one recent field study observed that, in a bale containing 200 garments, only 7 items were considered 
sellable [43], with the remainder (95%) sent straight to a landfill or illegally dumped. Such numbers help 
to illustrate current environmental burdens linked to this industry.  
 
Some regions have developed more fair ways of trading SHC. For example, in an effort to reduce the information 
asymmetry between exporters and importers, Igbo apprentices from West Africa sent apprentices to British 
exporting companies to inspect items and select those with the greatest probability of being successfully 
commercialised [42]. Despite the effectiveness of this strategy (in which the importer becomes an active agent 
of quality assurance), it is infrequently operationalised within the sector, and there are few other alternatives. 
 
Evidence of an Increasing Problem: Trends in the International Trade of Second-Hand Clothing  
An analysis of trade data from the UN Comtrade database – specifically with regard to category 6309 (i.e., ‘worn 
clothing and other worn articles’ [33] – aimed at identifying the scale of global imports and exports of clothing 
over the past 10 years. Figure 4 shows the trend in SHC trade between 2011 and 2021, showing a steady increase 
in both imports and exports over the period, with the exception of the year 2020, which documented a decrease 
in both exports and imports. This outlier presumably relates to the restrictions on international trade associated 
with efforts to counteract the spread of COVID-19 as other studies have found significant effects of this 
phenomenon on international trade [44]. However, the global trade in SHC increased significantly in 2021, 
showing that, despite the slowdown in 2020, the value of imports and exports quickly recovered, and the upward 
trend continued.  
 
Of note, Figure 4 also shows significant differences in the reported values for imports and exports. This 
phenomenon, known as ‘bilateral asymmetry’, is frequently observed in official statistics. While there are many 
reasons for such asymmetry, it is commonly attributable to differences in the valuation of goods. Considering 
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SHC, imports usually include the cost of insurance and freight (CIF), while exports are valued free on board (FOB). 
However, this variation does not account for the total difference observed in the final quantities, as CIB and FOB 
margins typically account for approximately 5% of the total value [45], whilst the data for 2011–2021 show 
an average difference of 22.11%. For this reason, an additional analysis was conducted, comparing the values 
reported by each country via bilateral trade data for tracking value differences in each import-export transaction, 

in an effort to identify the source of the observed differences 1. 

 

 
 
Figure 4. Second-hand clothing global trade value (USD) in the years 2011–2021. Source: own elaboration based on UN 
Comtrade data. 
 

Although this was not the central focus of the analysis, the results helped us to identify issues in the SHC 
international merchandise trade statistics. Asymmetry in trade statistics is a central concern, as it can lead 
to misconceptions about trade balances [46]. With respect to the present analysis for the SHC market, the largest 
asymmetry was demonstrated in the years 2014 and 2015 between Mexico and the United States, whereby the 
United States reported a large SHC export value while Mexico consistently reported a value of 0 for SHC imports 
from the United States. Since SHC import is illegal in Mexico, this asymmetry may indicate that illegal imports 
took place. Another case of consistent asymmetry occurred between Ghana and the United Kingdom, with 
the United Kingdom reporting a larger export value compared to the import value reported by Ghana. Finally, 
another interesting case emerged between the United States and Chile, with the United States consistently 
reporting greater export values than the import values reported by Chile. Although no reason can be identified 
for such asymmetries from the numerical data alone, the asymmetries may nonetheless point to problematic 
transactions, especially when they persist over multiple years. 
 
The UN Comtrade data contains not only trade values but also trade quantities. In the case of textiles, quantity 
was measured in kilograms. Since the present study aimed at identifying the amount of waste derived from 
the international trade of SHC, we also tracked patterns in the quantity of traded clothing, in consideration that 
this quantity might not be linked to the financial value of the imported goods. In this analysis, asymmetry once 

again emerged between the declared exports and imports. As shown a Figure 52, the declared imports were 

lower than the declared exports. This asymmetry may be linked to the factors previously mentioned (i.e., 
underreported activity, illegal trade). The literature on waste trade (and particularly SHC trade) describes that 
illegal imports may occur on borders with weak regulatory measures and in countries that have banned 
the importation of SHC [36,47]. However, such asymmetries are not visible in Figure  4. This might be explained 

 
1 For this analysis, the import and export data were processed using R Studio, which generated the differences in value 
reported by the exporting versus importing countries, including the bilateral trade flows of all countries. 
2 For this analysis, Mozambique was excluded, as the reported amount for this country was not coherent with the other 
reported numbers in the data.   
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by either difference in the prices per kilogram reported by the exporting and importing countries or a loss 
of monetary value during the process of importation. 
 

 
Figure 5. International trade of second-hand clothing by weight (tonnes) in the years 2011–2021. Source: own elaboration 
based on UN Comtrade data. 

 
Both figures (i.e., Figures 4 and 5) contribute to a full picture of SHC trade. What is remarkable is that, despite 
any asymmetries they reveal, both point to a similar trend: SHC trade has consistently grown (aside from in 2020, 
when all trading activity decreased). In addition, the combined data on value and volume suggest that, although 
patterns can be identified, the quantification of clothing imports and exports must be improved, in order 
to generate a precise picture of activities in each country. The observed asymmetries further highlight the need 
for an improved and shared system for collecting and reporting relevant statistics.   
 
In terms of the leading export countries, the results of the present analysis corroborate previous research, 
showing a dominant SHC trade flow from the Global North to the Global South [34,38,43]. However, some new 
insights may also be gleaned. As shown in Figure 6, the top exporting countries remained relatively stable 
between 2015 and 2021. In particular, the United States was the main global exporter from 2015 to 2020, 
followed by the United Kingdom, Germany and the Republic of Korea (all located in the Global North). China 
represented the sole exception to this pattern as a dominant exporter located in the Global South. This country 
has rapidly increased its export volume, and the value of its exports has also risen significantly in line with its 
economic power. This generates uncertainty about the SHC trading situation and its potential environmental and 
economic impacts, due to the complexity of multilateral international cooperation.  
 

 
Figure 6. Main exporter countries in the years 2015–2021 (according to value). Source: own elaboration with data from UN 
Comtrade.
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Figure 6 further shows that the top exporting countries were dominant throughout the entire period. In the year 
2020, most SHC was exported by only 24 countries [48]. Considering also that the leading exporting countries 
make use of specific geographically and economically convenient trade routes [34], the data helped 
us to consider specific cooperation frameworks by region, taking into account the characteristics of the involved 
parties. Different global regions face similar situations, but two countries that have gained recent relevance 
by increasing their SHC imports are Ghana and Chile. Figure 7 presents the import data for both countries 
in the years 2007 to 2018 (the latest available data), which show an upward trend (particularly pronounced 
in the case of Chile). To estimate the potential impact of increased imports on these countries, it is essential not 
only to acknowledge the recent surge but also to consider the cumulative effect on textile waste resulting from 
imports that do not achieve a second use. This situation poses a risk for these countries, as well as for others 
experiencing a rising trend in SHC imports." 
 
Between the 1980s and 1990s, economic liberalisation policies emerged in both Chile and Ghana. These policies 
helped to open the respective markets to foreign goods, including second-hand items. In Chile, restrictions 
on the import of second-hand items were – and continue to be – very limited [49]. Ghana also has nearly 
no restrictions on trade in SHC, except for one prohibiting the import of undergarments. From these examples, 
it can be concluded that certain characteristics may make countries more vulnerable to issues caused by a surplus 
in SHC imports and their associated waste. 
 

 
Figure 7. Total imports for Chile and Ghana (2007, 2012, 2015–2018) in weight (tonnes). Source: own elaboration with data 
from UN Comtrade. 

 
Both lesser-developed and developing economies face several market issues, including a lack of formal contract 
enforcement and information sharing, unorganized retailer systems and low consumer awareness of products 
[50]. In addition, waste treatment capacity in developing regions is very low [51], due to a lack of resources 
to establish the required infrastructure [52,53]. Given insufficient infrastructure and a lack of resources 
to properly treat waste, water bodies in these areas are often polluted with imported items that have not been 
sold [54]. Indeed, clothing arriving in destination countries can generate a great burden for local authorities, 
if the quantities of textile waste are unmanageable. More research is needed to better understand 
the implications of the second-hand market and generate policies aimed at establishing just and sustainable 
international trade activities under these conditions. 
 
According to Brooks [41], different factors influence the export destination for SHC, including transportation 
costs, local political contexts and trade liberalisation. In many cases, and as previously discussed for Chile and 
Ghana, the market liberalisation that occurred widely in the 1980s boosted SHC imports through the removal 
of trade restrictions. According to the analysed data, the top exporter countries have remained the same since 
the beginning of the 2010s [33], thereby providing support for Brooks’s identified factors in import-export 
dynamics. 
 
Ongoing Discussion on the International Trade of Second-hand Clothing: Benefits and Negatives  
The complexity of the international SHC trade has been shown in previous sections. It is precisely this complexity 
that fuels ongoing discussion about whether the economic benefits prevail over the environmental and social 
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negatives associated with this activity. Some studies have explained that SHC imports benefit importer countries 
by providing access to affordable garments for those living in conditions of poverty and by generating new jobs 
in retail and importation [55,56]. In East African countries alone, the used clothing sector has created 
approximately 355,000 jobs, supporting 1.4 million people [39] and improving livelihoods. 
 
In terms of granting access to clothing, trade in SHC may be considered positive. In Africa, worn garments are 
the major source of clothing in many countries. In Uganda, for example, 81% of clothing purchases are of second-
hand items [34]. However, studies highlighting the benefits of increased access to clothing have generally failed 
to address the dependency that second-hand imports create on internal markets. Of note, research has shown 
that the benefits of SHC trade may fail to consider its impact on the high-value creation activities occurring 
in the Global North. However, recent studies have begun to identify fewer positive traits in SHC trade with the 
aim of identifying possible actions to offset its impacts. 
 
Among the adverse issues caused by large SHC imports is the detrimental effect on local textile economies. 
Studies have shown that, during the years 1981 to 2000, SHC imports explained approximately 40% of the decline 
in production and 50% of the decline in employment [57]. Without a doubt, other factors influenced the poor 
performance of local industry (i.e., ageing infrastructure, weak local production policies) (Collier and Gunning 
1999; Easterly and Levine 1997; Fafchamps 2004, cited in 56) However, these do not fully explain the speed with 
which the reduction in local garment production occurred.  
 
Lacking conclusive evidence for the economic aspects of the international trade of SCH, we may instead turn 
to the environment and social aspects. The fact that more people can access affordable clothing should not be 
perceived as a mere act of satisfying basic needs, as, from a social justice perspective, access to quality clothing 
comes at a high environmental cost. In addition, a small proportion of countries are facing the majority 
of the negative effects of the waste trade, with implications for fairness and dignity.  
 
Studies focused on the positive aspects of SHC trade have generally failed to consider the environmental issues 
associated with an excess of clothing, which tend to accumulate. As research has shown, SHC imports are rising. 
As long as imports are subjected to minimal control, the risk of increased waste production is high. Since 2015, 
the large increase in imports seems to have been correlated with a large increase in discarded waste in the Global 
North. Given evidence of an upward trend in clothing consumption, there is a high probability that imports of SHC 
to the Global South will also rise. The environmental conditions of areas with significant SHC markets are already 
ecologically critical, with aquatic and land ecosystems presenting alterations caused by the illegal dumping 
of textile waste. Studies on the environmental aspects of waste dumps and textile degradation have shown that 
uncontrolled dumping causes land degradation and pollution, since a wide range of pollutants (e.g., leachate) 
are released into the environment [58]. Research on the structure of fashion value chains has observed 
that the geographical shift in manufacturing activities to developing countries (in pursuit of cheap labour) has 
shifted the location of pollution [59]. A similar phenomenon is evident in the international trade of SHC, since 
unwanted items are not processed in their places of origin. The export of garments that are unlikely to achieve 
a second life results in the export of pollution to regions that lack the proper structures to transform materials 
into valuable input. Hence, respecting environmental limits in both the Global North and the Global South 
is a matter of environmental justice.  
 
Pathways for a Just Circular Fashion Industry through Cooperation in Second-Hand Clothing Trade: A framework 
for Action 
Considering the above-described dynamics of the distribution of SHC and the steps involved in this value chain, 
we developed a framework to develop solutions based on international cooperation between the Global North 
and Global South. This framework (Figure 8) encompasses all agents involved in the international trade of SHC 
and suggests a set of actions to reduce risks and manage identified hotspots. 
 
Role of Agents  
The framework presents the main agents involved in the international trade of SHC. Each agent intervenes 
at a different moment, providing input and output for the other agents, to create synergy. Prior to implementing 
specific strategies, it is important to first raise awareness – that is, to give visibility to the issues involved in the 
export of SHC and its implications for circular fashion models. Current evidence suggests that, since the recovery 
and reuse of clothing are circular strategies, the quantification of exported items might be included as ‘green  
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numbers’ on official reports, without acknowledging the failure to achieve a circularity loop in importing regions 
of the world.   
 
Role of the Private Sector 
One of the strategies that might increase the accountability of fashion brands relates to extended producer 
responsibility. This strategy relies on the ‘polluter pays’ principle, which encourages manufacturers to assume 
responsibility for the impact of their products throughout the lifespan [51]. According to this scheme, producers 
hold responsibility for the products they produce that are not properly discarded. Fees or cooperation 
programmes can be used to collect funds in accordance with the environmental pollution connected with 
companies’ profitable activities. Another critical agent in the private sector is the clothing sorter. Studies  have 
shown that the more symmetric and transparent participation of importer countries in the sorting process is 
likely to increase the quality and appropriateness of the traded garments [42] Since sorting has become highly 
profitable for wholesalers, the quality of imported garments has decreased, resulting in larger volumes of textile 
waste that never achieve a second life. Hence, the private sector must implement quality assurance programmes 
to guarantee that the items bought by importers are indeed able to be commercialised. To increase the efficacy 
of this strategy, other agents (e.g., governments, international non-profit organisation) must intervene to ensure 
implementation of the quality sorting process. In addition, the SHC collection take-back programmes managed 
by fashion brands may serve as starting points for the classification and quality assurance of items for export.  
 
Finally, a third strategy may be implemented as a reactive measure to manage the existing textile waste 
in importer countries: the creation of value from upcycling, recycling and redesigning. Currently, initiatives 
are in place to foster the upcycling and recycling of garments. This is a positive measure, as long as it provides 
a source of income for the resellers and manufacturers of these items. However, it should only represent 
a temporary remedial measure, since it is not sufficient to stop or change the current textile waste stream, but 
only capable of deviating a minimum percentage of the imported goods. Such activities may provide 
opportunities for economic growth and innovation if they are managed properly. However, exporter countries 
should be encouraged to build the basic technological infrastructure to support the specialised labour involved. 
 

 
Figure 8. Agents involved in the framework for a just SHC international trade. Source: own elaboration. 
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Role of Governments 
Trade policies are decisive for the effectiveness of trade in any given region or country, as advantages, benefits 
and negative effects are determined by the way in which trade occurs. Evidence suggests that import bans are 
not effective for local economies, as such prohibitions may create illegal trade. Thus, governments are challenged 
to find ways to guarantee positive trade growth by establishing a set of preconditions to account for aspects that 
have historically been ignored. As countries differ in their conditions for trade, a set of regulations must be 
established to serve as an equity base for trade and global value chain interactions. This idea relies on some 
examples discussed throughout the paper, demonstrating that aspects such as geographical characteristics, 
income levels, and power relationships between countries (among others) are significant in determining 
the positive or negative impacts of international trade.  
 
Additionally, governments must ensure healthy policies and institutions in order to foster, rather than hinder, 
openness and new ways of doing trade. A country’s internal capacity to adopt and implement fair trade 
agreements also depends on the extent to which its institutions are prepared to do so. Importer countries must 
ensure a minimum set of preconditions for trade agreements to work, especially in high-risk border areas. 
The present study has demonstrated that trade data may be used to identify the interactions between specific 
regions (i.e., the United Kingdom and Ghana, the United States and Chile), which may inform the design 
of protocols to monitor ‘high risk’ interactions by the government of the importer country. 
 
Role of Markets 
Market regulation must always involve consumers. While one of the long-term strategies for reducing 
the number of discarded garments is to stop overconsumption, even short-term strategies (e.g., ‘polluter pays’ 
systems [23]) must involve consumers, in addition to fashion brands. Critically, governments should establish 
and administer a waste disposal fee for garments that are discarded by consumers. This strategy may serve 
to disincentive overconsumption, and the monetary funds collected could be used to support programmes 
of cooperation between the Global North and Global South. In importer countries, retailers and intermediary 
agents are pivotal for preventing unsold clothing from reaching landfills or being subject to uncontrolled 
dumping. However, given the complexity of the challenge, collaboration with local authorities and NGOs 
is necessary. Retailers and intermediary agents may be able to create value, but they will require support from 
other institutions in order to successfully divert waste and transform unwanted textiles into valuable items, 
thereby becoming upcyclers or recyclers of unsold garments. 
 
Role of NGOs 
Charities in the Global North play a major role in SHC trade dynamics. Frequently, the journey of a traded item 
starts with the donation of the unwanted item to a charity. Subsequently, many of these items are sold 
to wholesalers, which make a profit from exporting the goods. Therefore, charities must improve their system 
of selecting buyers and redistributors on the basis of responsible behaviour. Some criticism of charities has 
emerged in connection with their advantageous position in society. Hence, charities should also seek to improve 
communication with donors in order to make their processes of collection and sale more transparent. NGOs 
in the Global South can promote different actions to involve relevant stakeholders in fostering on-site circular 
strategies. It is worth noting that, thus far, NGOs in this region have had a positive impact on promoting changes 
and demanding assistance from authorities and private companies. Nonetheless, the potential of these 
organisations is limited, and additional support is required to counterbalance the negative impacts. Local NGOs 
are a major agent for raising awareness and promoting regional participation.   

 
Other Guidelines and Key Actions: Fair Trade Standards for Second-Hand Markets to Avoid Information 
Asymmetries and Export Regulations 
From an economic perspective, second-hand items are considered ‘regular goods’ that are able to be locally 
or globally traded. Similar to brand-new items, second-hand garments are produced (or classified, in the case 
of SHC), packed, shipped, sold and bought, and they reach retailers and final consumers from different parts 
of the globe. However, the same items may also be treated as discarded goods, and this may prevent them from 
being carefully packed or properly sanitised, categorised and, most importantly, traded fairly. Currently, second-
hand items are not subject to any kind of voluntary or obligatory certification. However, they have value, a target 
market and, as with any other type of good, a specific offer-demand dynamic. The World Fair Trade Organisation 
[60] prescribes ten principles for assuring fair trade, most of which can be applied to the trade in SHC: (i) creating 
opportunities for the economically disadvantaged, (ii) transparency, (iii) accountability, (iv) fair payment, (v)  
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ensuring no child labour (vi) ensuring no forced labour, (vii) commitment to non-discrimination, (viii) 
commitment to gender equity, (ix) ensuring good working conditions and (x) providing capacity building 
and respect for the environment. Frequently, these principles are not followed in the SHC market. Hence, they 
may provide the basis for a more detailed framework aimed at ensuring fair trade. 
 
South-to-South Cooperation 
The investigated data revealed similarities between countries in the Global South with respect 
to the environmental and social challenges they face in connection with SHC imports. Shared knowledge 
and solutions may help to ease these negative effects. In more detail, South-to-South cooperation should involve 
the creation of ‘institutional spaces where actors converge to contest prevailing global norms and construct new 
visions of development’ [61]. Diverse strategies have already emerged in countries facing issues associated with 
SHC imports. South-to-south cooperation may enhance the potential of these strategies through amplification 
or development based on partners’ experiences.  
 
Research and Development 
As described above, the current composition of textiles represents a challenge for the circularity of materials. 
Thus, research and development into raw materials and post-consumer textile treatments in the fashion sector 
represents a key multi-sectoral strategy to reduce the negative impacts of trade in SHC and, more specifically, 
the EoL of garments. To this end, intersectoral cooperation is required between governments, the private sector 
and other agents.  
 
In the short term, research and development may contribute to improving existing recycling systems. Currently, 
the composition of fabrics limits the realisation of recycling, as different fabric mixes make recycling difficult 
and expensive. This is one of the primary reasons why recycled textiles are frequently downcycled. 
The development of effective recycling systems may reduce the amount of landfilled waste. Furthermore, 
cooperation between the Global North and Global South may result in the establishment and use 
of infrastructure to treat existing textile waste. Over the long term, research and development – particularly with 
respect to circular bioeconomy strategies – may help to decrease the environmental footprint of garments, 
in the production and EoL phases. In the production phase, such reductions may be achieved by avoiding the use 
of non-renewables. In the EoL phase, reductions may be achieved by increasing the use of bio-based textiles. 
While some initiatives in these directions have already begun, further research is needed to increase their 
accessibility and competitiveness.  
 
The proposed framework only briefly describes the steps needed to implement the different strategies. However, 
it is significant in at least three ways: First, it provides a comprehensive overview of the relevant issues and agents 
involved in the international trade of SHC. Second, it suggests new ways of cooperating that may be more 
effective than traditional international relations. Third, it advocates for a global just transition to the circular 
economy, with potential benefits for all parties.    
 
Impact  
The present study investigated a sector with high potential for contributing to sustainability through circularity. 
The proposed framework identifies the most important areas of transformation in the international trade of SHC 
to foster a just and circular transition, including all agents and covering social, environmental and economic 
aspects. The proposed collaboration between agents will support the creation of multi-stakeholder strategies, 
promoting interaction, generating additional value for the solutions and acknowledging the voices of all parties 
– in particular those that have been previously overlooked. This aspect is crucial for transforming the fashion 
industry into one that is fairer and more circular. In terms of regional impacts, the present study highlighted gaps 
in the circularity model in the fashion industry. By framing the issue from a Global North–Global South 
perspective, material flow patterns in the international trade of SHC emerged. In addition to unveiling 
asymmetries in fashion value chains, the study also identified specific regions in which SHC imports have been 
mainly detrimental to society and the environment. The identification of these hotspots may inform strategies 
to address these negative impacts, where relevant.  
 
The study also highlighted the social issues associated with the international trade of SHC, particularly within 
importer countries – which, due to the current conditions of SHC markets, frequently find themselves 
at a disadvantage compared to exporter countries. Information asymmetry and the import of low-quality items 
have not only environmental impacts, but also social impacts on the people who work in this sector.  
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The proposed framework suggests different actions for improving these social conditions in the transition 
to a circular and fair SHC trade, seeking to reduce the vulnerability of agents in the Global South.  
 
The reduction of negative environmental impact of the fashion industry is of vital importance to sustainability 
goals, and the SHC market may represent a critical target for minimising the footprint of this sector. By extending 
the lifespan of garments in a fair way, the negative impact of the EoL stage may be reduced. More specifically, 
this transformation of the SHC sector could contribute positively in at least three ways: (i) by reducing the number 
of items that are disposed of in landfills (or uncontrolled dumping sites) or incinerated, thereby preventing the 
release of harmful toxins; (ii) by promoting the effective recirculation of items (e.g. recycling, repurposing), in 
order to close the loop and prevent pollution shifting; and (iii) by promoting the use of alternative materials (i.e., 
bio-based fabrics), thus reducing the environmental impact of the EoL stage.  
 
In terms of the economic impact, recirculation has the potential to generate new and diversified products and 
services, creating new jobs and contributing to decoupling economic value from the extraction of raw materials. 
Hence, both the creation of a positive economic impact and the reduction in asymmetry between high- and low-
value creation activities are possible. Although SHC markets are a source of income for many, the present study 
identified populations that are also harmed by the international trade of SHC, suggesting actions to reduce 
inequalities. Finally, the results of the present study may provide valuable information for policymakers. 
Although new regulations for international trade and the CE have been emerging, many factors have not yet 
been addressed, particularly from the perspective of global sustainability and environmental justice 
in international trade. By highlighting the gaps in current models of circularity, the present study has provided 
in-depth information on trade activities to inform new regulatory measures for SHC import and export. As a total 
ban on SHC imports is not optimal, guidelines and policies are necessary to address the missing aspects of current 
circularity and international trade policies. 
 
Conclusions 
The present study aimed at filling knowledge gaps pertaining to the international trade of SHC, identifying 
the environmental and social issues that have emerged as a result of outdated market dynamics. The analysis 
identified how these market dynamics are incompatible with the notion of a CE, as aspects that are critical 
for ensuring a closed-loop economy are being overlooked by the different actors involved in the international 
SHC trade. Furthermore, the analysis found that this trade is characterised by asymmetries between the Global 
North and Global South, in alignment with previous research [34,36,38,41,43]. Therefore, the international trade 
of SHC can be classified as a form of global inequality and environmental injustice. In addition, the analysis 
promoted a better understanding of textile degradation and the release of toxic components into 
the environment as threats to systemic ecological equilibrium posed by textile waste. Because the economic 
benefits of SHC markets in developing regions are not sufficient to outweigh the environmental costs caused 
by import surpluses, immediate action is needed to reduce any irreversible damage to global ecosystems. 
In the literature, trade and its economic benefits have been analysed from various perspectives, encompassing 
environmental concerns, power dynamics and international justice, among others. While these analyses are 
gradually extending into the realm of sustainable fashion, the analysis of specific cases may improve our 
understanding of the main issues involved in the international trade of SHC. Undoubtedly, this trade has some 
positive effects, including increased access to affordable garments in importer countries, employment 
generation and environmental benefits associated with longer clothing lifespans. A complete ban on SHC 
importation is not advisable, given evidence that such prohibitions are associated with illegal trade 
and corruption at borders [37]. However, as the value chain becomes more complex, involving an increasingly 
diverse array of agents, further research will be needed to discern both the failures and the successes of past 
experiences. One useful step in the transition towards a just circular fashion industry may be to consider 
the participation of different sectors and institutions. The present study endorsed this principle by proposing 
a comprehensive framework for developing strategies to address current issues and mitigate new potential risks. 
Future work could focus on developing specific procedures for implementing the suggested strategies, which are 
currently framed in general terms. Additionally, it may be worthwhile to investigate whether similar patterns 
apply to different types of second-hand goods traded internationally. Nonetheless, the proposed framework may 
serve as a promising starting point for the transition  towards a more equal and just circular economy. 
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