
ISSN (Print): 2788-8320                                                            ISSN (Online): 2788-8339 

 

GREEN TECHNOLOGICAL INNOVATION AND FINANCIAL INCLUSION, A 
WAY TOWARDS GREEN ECONOMY: EVIDENCE FROM BRICS ECONOMIES 

 

Aena Abid 1, Hafiza Atika2 
1Department of Economics, Lahore College for Women University. Email: aenaabid213@gmail.com 
2Department of Economics, Lahore College for Women University. Email: hafizaatika217@gmail.com 

KEYWORDS ABSTRACT  

Green Economy, 

Inclusive Wealth, 
Green Technological 

Innovation, 

Renewable Energy 

Consumption, 

Financial Inclusion 

 

In this modern world, the emergent challenges of climate change, environmental 
degradation and natural resource depletion has enunciated the importance of 
transition to green economy. UNEP (United Nations Environmental Program) proposed 
green economy as a reliable and efficient path in order to achieve sustainable 

development. Green economy ensures wellbeing and social equity without 
compromising the environment. Thus, it considered as a catalyst to achieve sustainable 
development agenda 2030.The main aim of this study is to empirically investigate the 
role of green technological innovation, renewable energy consumption and financial 

inclusion to promote green economy. This study focused the analysis on BRICS 

countries and will utilize the data from 2006 to 2025 for the modeled variables. This 
study will employ the Augmented Mean Group (AMG) and pooled mean group (PMG) 
to investigate the long-run impacts of green technological innovation, renewable 
energy consumption, and financial inclusion on green economy in BRICS nations. 

Moreover, to check the robustness of the results this study will employ the Fully 
Modified Least Square (FMOLS) and Dynamic Ordinary Least Square (DOLS). The 
findings of this study revealed that BRICS economies can transit to green economy 
through integration of green technological innovation, renewable energy 
consumption, and financial inclusion along with the environmentally sustainable 

growth strategies into their long-term development policies. These results emphasized 
the importance of taking measures to tackle climate change impacts especially on 
emerging economies.  
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Introduction  

Twenty first century evinced the extraordinary economic growth with rapid industrial expansion, 
technological innovation and growing urbanization (Gu & Liu, 2024). Although these 

unprecedented achievements improved the living standards of people but they all come up at the 
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cost of environment (Bruyninckx et al., 2024). The excessive use of non-renewable energy resources 

such as fossil fuels deteriorate the natural resources through increased greenhouse emissions into 
atmosphere (Khan, Aremu, Razak, Premaratne, & Sattar, 2025). Greenhouse gas (GHG) emissions 

leads to biodiversity loss and environmental degradation which shifted the world’s attention towards 
sustainable development (Filonchyk, Peterson, Zhang, Hurynovich, & He, 2024). 

Climate change considered as a precarious challenge of today’s world (Vu & Nguyen, 2024). 

Among the numerous drivers of climate change, carbon emissions got more attention because they 

considered as the major source of greenhouse gases (Elegbeleye, Oguntona, & Elegbeleye, 2025). 

Fossil fuels such as coal, oil, and natural gas burn for energy production, transportation and industrial 

activities releases a large amount of CO₂ into atmosphere (Shanmugam, 2023).  

A 2030 global agenda by United Nations, Sustainable Development Goals (SDGs), emphasized to 

safeguard the wellbeing of current as well as future generations along with environmental 
preservation (Krannich & Reiser, 2023). SDGs provide a reliable framework to address the worlds’ 

most significant challenges of poverty, unemployment, inequality, environmental degradation and 
frequent climate change impacts (Kundu & Gupta, 2024). Moreover, SDGs guarantee sustainable 

economic growth through laying special emphasis on environmental concerns along with innovation 

and industrialization. In order to promote sustainable development, SDGs ensures the efficient and 

reliable way towards global collaboration (Zhou & Etzkowitz, 2021).  

 

Figure 1: Visualization of SDGs, Source; Institute of Development Studies 

Moreover, literature evinced that it is also remained a difficult task to assess the exact measure to 

sustainable development (Jaiswal, Gupta, & Tiwari, 2023). Traditional measures of economic 
development such as Gross Domestic Product (GDP), GDP per capita and the Human Development 
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Index (HDI) have been loudly criticized because they ignored the environmental concerns (Hickel, 

2020). Other measures such as Sustainable Development Index (SDI) and carbon emissions, also 
come up with certain limitation (Brulé, 2022). These measures didn’t account for natural resource 

depletion, environmental degradation and future generation welfare (Xu & Zhao, 2023). 

In this regard, to gauge the environmental concerns along with the social wellbeing and economic 
prosperity, researchers shifted their attention towards green economy (Daniek, 2020). United 

Nations Environmental Program (UNEP) refers green economy as the economy which ensures the 

human wellbeing without compromising the environment (Adamowicz, 2022). Traditional economic 

means focused on the economic growth but didn’t account for environmental degradation (Adejumo, 

2020). Green economy refers as the economy which ensures economic growth along with 
environmental preservation (Adamowicz, 2022). 

 

Figure 2: Inclusive Wealth as a Reliable Measure to Green Economy, Source; Author’s Own  

Green Economy as an economic approach seeks to achieve economic development while ensuring 
environmental sustainability, efficient resource utilization, and social well-being (Mikhno, Koval, 

Shvets, Garmatiuk, & Tamošiūnienė, 2021). Unlike conventional economic growth, which primarily 
focuses on increasing production and income (Rostow, 2020). The Green Economy emphasizes the 

decoupling of economic progress from environmental degradation and excessive natural-resource 

consumption (Kostić, Kostić, & Milićević, 2025). Green economy become the main driver to 
sustainable development because it encompasses the resource efficiency and social inclusiveness 

along with environmental conservation (Adamowicz, 2022).  
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In 2012, United Nations Environmental Program (UNEP) presented a report, Inclusive Wealth 

Report, which introduced the concept of inclusive wealth (Managi, Bhattacharya, & Bhattacharya, 
2023). Inclusive wealth is considered as all-encompassing measure to green economy as it inculcates 

the produced capital, human capital and natural capita all along in a single matrix (Managi et al., 
2023). 

 

Figure 3: Components of Inclusive Wealth, Source; UNEP 

Inclusive wealth contributes to achieve 11 sustainable development goals directly and indirectly 

(Kousar, Ahmed, Abid, & Haluza, 2025). Raising environmental concerns especially in the context 

of BRICS countries which consists of 11 nations that are named as Brazil, China, India Indonesia, 

Russia, Egypt, Ethiopia, Iran Saudi Arabic, United Arab Emirates and South Africa (Bliznetskaya, 
Chernokulsky, & Kirgizova-Barskaya, 2025).  

These economies collectively accounts for 40% of global population, one-third of world’s GDP 

(Gross Domestic Product) and 45% to 50% contributor to carbon emissions (Dell’Aversano, Villante, 
& Anatone, 2026). Rapid expansion of urban population, industrialization, and inefficient energy 

consumption of these countries shifted the attention of researchers towards guard the environmental 
conservation in BRICS economies (Yang, Ibrahim, Ajide, & Al-Faryan, 2024). Their influential 

contribution to globe caused the transition towards green economy (Yang et al., 2024). 

Moreover, the main purpose of this study is to empirically investigate the role of green technological 

innovation, renewable energy consumption and financial inclusion in order to promote green 
economy. This study focused the analysis on BRICS countries and will utilize the data from 2006 to 

2025 for the modeled variables. 

Significance of the study 

Significance of this study is as; 

The study fills the gap in Green Economy literature through empirically investigate the Green 
Technological Innovation (GTI), Renewable Energy Consumption (REC), and Financial Inclusion (FI) 

as significant determinants of Inclusive Wealth. This study contributes to the literature through 
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usage of Inclusive Wealth (IW) as more reliable measure to Green Economy rather than solely rely 

on traditional indicators such as GDP and CO₂ emissions etc.  

Literature Review 

This study presented the thematic literature review through bibliometric analysis.  

Bibliometric Analysis 

Bibliometric analysis is basically utilized to examine the research eminence within a specific field 

through analyze the publications in existing literature (W. Hassan & Duarte, 2024). This technique 

examined the past and present publications trends and explore the future research agendas (Di Zio, 

Tontodimamma, Del Gobbo, & Fontanella, 2023). Citation, co-authorship, co-citation, and co-word 
analysis are used as sub in order to conduct bibliometric literature review (Di Zio et al., 2023). 

Data Source and Research Design 

The date is gathered from an efficient and reliable database, Web of Science (WOS). Table 1 

explained the search string of data collection through selected database and WOS particularities.  

Table 1: Search String. 

WOS Database ALL 

Time Period Up to December, 2025 

Search Field Green Economy 
Search Keywords “Green Economy” or “Green Economic Growth” or “Green Economic 

Development” or “Sustainable Economic Development” or “Low carbon 
economy” or “Green energy Transition” or “Sustainable Prosperity.” 

Citation Topics All 

Document Type Articles 

Language English 

 

Source: Author’s own calculations 

Results 

Publication Trends 

The figure shows the evolution of research on the green economy and its determinants or drivers.  
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Figure 4: Annual Publication Trend 

Citation Analysis 

A sub-analysis under bibliometric analysis is called co-citation analysis in which the top 

publications are ranked on the basis of unit of analysis that are document, authors, organizations and 
countries (Yang Li, Xu, Wang, & Wang, 2020). This analysis depicts the tabular and visual 

representation of each unit of analysis.  

Document Citation 

The minimum number of citation of a document is 3. Out of total 2,000 documents 1,492 meet the 
threshold. The number of citation links calculated for each of the 1,492 documents. The selected 1,492 

documents are with largest numbers of links. Top 10 articles are detailed in table. Table 2 detailed 

the top 10 influential articles ranked by citations. Figure 5 represents the networking visuals of top 

10 documents which are ranked by citation and their influential contribution and significant work in 

the field of Green Economy. 

Table 2: Top 10 documents ranked by citation. 

Sr.  Authors Title Links Citations 

1  Ibn-

Mohamme
d (2021) 

A critical analysis of the impacts of covid-19 on 

the global economy and ecosystems and 
opportunities for circular economy strategies. 

3 543 

2  Zhou 
(2022a) 

The impact of fintech innovation on green 
growth in china: mediating effect of green 

finance. 

23 479 
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3  Liu 

(2022e) 

Digital economy development, industrial 

structure upgrading and green total factor 

productivity: empirical evidence from china's 
cities. 

15 348 

4  Ding 
(2022b) 

Digital economy, technological innovation and 
high-quality economic development: based on 

spatial effect and mediation effect. 

5 296 

5  Nawaz 
(2021) 

Nexus between green finance and climate 
change mitigation in n-11 and BRICS countries: 

empirical estimation through difference in 
differences (did) approach. 

6 276 

6  D’Amato 

(2021) 

Integrating the green economy, circular 

economy and bio economy in a strategic 
sustainability framework. 

6 270 

7  Demirel 
(2019) 

Born to be green: new insights into the 
economics and management of green 

entrepreneurship. 

3 256 

8  Fernandez 

(2021) 

Green growth versus economic growth: do 

sustainable technology transfer and innovations 

lead to an imperfect choice? 

21 235 

9  Tolliver 

(2021) 

Green innovation and finance in Asia. 10 231 

10  Bina (2013) The green economy and sustainable 

development: an uneasy balance? 

11 229 

 

 

Source: Author’s own calculations 

 

Figure 5: The Network Visualization of Documents Citation Analysis 

Authors Citation 
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The minimum number of the document of an author is 1 and the minimum number of citation of an 

author is 6 as threshold criteria. 3,943 meet the threshold level from the total of 6,434 authors. For 
every of 3,943 authors the total strengths of linked citations with other authors will be calculated. 

1000 selected authors are with the greatest total link strength.  

Figure 6 show the networking visual representation of authors. This graph depicts the interconnected 
research nature between these selected authors in this particular field of green economy.    

Authors’ Production Over the Time 

The figure shows the publication activity and research continuity of leading researchers in the field.  

 

Figure 6: Authors’ Production Over the Time. 

Figure 7 shows the top co-authors that collaborate among themselves and represented numerous 
researches over the time.  

 

Figure 7: The Network Visualization of Authors Citation 
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Organizations Citation 

The minimum number of documents of an organization is 5 and the minimum number of citation of an 

organization is 1 as a threshold criterion. 173 organizations meet the threshold level from the total of 
2,346 organizations. All the total strength of the citation links with other organizations is calculated 

for each 173 organizations. The organizations with greatest total link strength is selected.  

Table 3 demonstrate the top 10 organizations ranked through the average citation. This ranking 
shows the researcher’s involvement and resourceful impacts of these organizations in the particular 

field of green economy. Figure 8 show the networking visual representation of the top 10 
organizations which are ranked through average citation. The graph shows the collaborative nature 

of research between these institutions across numerous particular regions of the world.  

Table 3: Top 10 Institutions Ranked by Average Citation 

Sr. Countries Total Link 

Strength 

Documents Citations Average 

Citations 

1 University of 

Kebangsaan 

Malaysia 

20 10 1021 102.1 

2 Chinese Acad 

Social Science 

2 5 346 69.2 

3 University of Beira 

Interior 

30 5 324 64.8 

4 Chinese University 
of Hong Kong 

11 5 313 62.6 

5 Fudan University 41 13 736 56.6154 

6 University of Leeds 4 5 265 53 

7 University of 

Lisbon 

10 6 292 48.6667 

8 Natl Econ 
University 

6 5 242 48.4 

9 University of Hong 
Kong 

12 6 277 46.1667 

10 Changan 

University 

11 7 318 45.4286 

11 China Med 

University 

12 6 271 45.1667 

12 University of 

Southampton 

7 6 268 44.6667 

13 Hong Kong 
Polytech 

University 

13 7 311 44.4286 
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14 Shanghai 

University of 
Finance & 

Economics 

44 16 699 43.6875 

15 Montpellier 
Business School 

7 6 262 43.6667 

 

 

Source: Author’s own calculations 

 

Figure 8: The Network Visualization of Institutions Citation Analysis 

Over The Time Production by Institutions 

Figure 9 depicts the visual representation of top universities that contribute majorly over the time.  
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Figure 9: Visualization of Institution's production over the time. 

Countries Citation 

Countries citation analysis shows all the countries published their work on Green Economy. The 
minimum number of documents a country published is 1 and minimum number of citations of a 

country is also, as a threshold. 173 countries meet the threshold criteria from the total of 2,346 
countries. The total strengths of citation links with all other countries calculated for each of 115 

countries. These 115 selected countries are with the largest total link strength.  

Table 4 depicts the top 10 countries ranked by average citation and show the scholarly contribution 
in the field of Green Economy in different countries across the world. Figure 10 depicted the network 

visualization of top 10 countries ranking depends upon the total link strength.  

Table 4: Top 10 countries ranked by average citation. 

Sr. label Total link  

strength 

Documents Citations Average 

citations 

1 Kosovo 2 1 159 159 

2 Wales 2 4 342 85.5 
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3 U Arab Emirates 85 18 1431 79.5 

4 Nigeria 39 16 1062 66.375 

5 Tanzania 5 2 111 55.5 

6 Denmark 11 13 716 55.0769 

7 Turkey 94 19 1016 53.4737 

8 Japan 47 20 1052 52.6 

9 Slovenia 59 6 312 52 

10 Finland 33 16 803 50.1875 

11 Austria 25 14 701 50.0714 

12 Malaysia 170 52 2468 47.4615 

13 Sweden 21 21 932 44.381 

14 Scotland 21 23 1006 43.7391 

15 Italy 143 65 2733 42.0462 
 

Source: Author’s own calculations 

 

Figure 10: The Network Visualization of Countries Citation Analysis 
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Over The Time Production by Countries 

Figure 11 depicts the visual representation of top countries that contribute majorly over the time.  

 

Figure 11: Visualization of Countries’ Production Over the Time 

Co-authorship Analysis 

Co-authorship analysis depicts that how authors, organizations and countries interconnected to 

produce their significant work in the specific field which would result into betterment of the world 
respectively (Zhu & Liu, 2020). 

Authors co-authorship Analysis 

The minimum number of documents of an author is 1 and the minimum number of citation of an author 

is also 1, as a threshold criterion. 3,397 meet the threshold criteria from the total of 4,078 authors. For 
every 3,397 authors, the total strength of co-authorship links with all other authors is calculated. 

These authors have greatest total link strength. For overall mapping 1000 authors are selected. 

Figure 12 depicts the networking visualization of authors co-authorship analysis. The largest cluster 
consists of 17 authors who collaborated respectively and prevalent in the field of Green Economy. 

Table 5 shows the top 10 co-authors ranked by average citation. 
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Table 5: Top 10 co-authors ranked by average citation 

 

Sr. Authors Total link 

strength 

Documents Citations Average 

citations 

1 Shuai, Chenyang 7 2 261 130.5 

2 Tan, Yongtao 7 2 261 130.5 

3 Wu, Ya 7 2 261 130.5 

4 Shabbir, Malik Shahzad 4 1 100 100 

5 Tabash, Mosab Iqbal 4 1 100 100 

6 Adedoyin, Festus Fatai 5 3 299 99.6667 

7 Zakari, Abdulrasheed 5 5 446 89.2 

8 Anser, Muhammad 
Khalid 

4 2 167 83.5 

9 Amin, Azka 2 2 134 67 

10 Chen, Xi 11 4 255 63.75 

11 Sharif, Arshian 7 3 190 63.3333 

12 Gyamfi, Bright Akwasi 3 3 157 52.3333 

13 Asongu, Simplice A. 1 2 103 51.5 

14 Usman, Muhammad 4 2 100 50 

15 Adebayo, Tomiwa 

Sunday 

5 3 141 47 

 

Source: Author’s own calculation 

 

Figure 12: The Network Visualization of Authors Co-Authorship Analysis 
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Table 6: Authors Co-authorship Clusters 

 

Source: Author’s own calculations 

Organizations Co-Authorship Analysis  

The minimum number of documents of an organization is 6 and the minimum number of the citations 

of an organization is 1, as threshold criteria. 81 meet the threshold criteria from the total of 1,929 

organizations. For each 81 organizations, the total strength of co-authorship analysis with other 
organizations is calculated. 1000 organizations are selected with the total link strengths.  

Figure 13 depicts the networking visuals of organizations co-authorship analysis and explored which 

countries collaborates largely in the field to contribute Green Economy. Table 7 shows the 
organizations co-authorship clusters.  

Cluster Numbers Co-authors 

1(Red) 17 Obst, Carl, Delargy, Orlaith, Farrell, Catherine Anne Stout, Jane C., 
Coleman, Lisa, Eigenraam, Mark, Kinsella, Stephen, Norton, Daniel, 

O'donoghue. 

2(Green) 15 De Sousa, Celio, Fatoyinbo, Lola, Larsen, Trond, Portela, Rosimeiry, 

Gaddis, Keith D., Garteh, Jerry, Honzak. Whapoe, Zargou Elijah, 
Wright, Timothy Max, Yonmah, Jerry 

3(Blue) 12 Agarwala, Matthew, Bass, Steve, Bassi, Andrea M., Coyle, Diane, 

Dvarskas, Anthony. 
4(Yellow) 11 Ancona, Zachary H., Bagstad, Kenneth J., Bana, Mediatrice, Ingram,, 

Jane Carter, Kagabo, Desire, Lange, Glenn-Marie. 
5(Purple) 10 Polasky, Stephen, Daily, Gretchen C., Gao, Xiaolong, Li, Cong, Ouyang. 

6(Sky Blue) 8 Masozera, Michel, Alavalapati, Janaki R. R., Banerjee, Onil, Cicowiez, 

Martin, Dudek. 
7(Orange) 7 Borrelli, Pasquale, Jones, Arwyn, Montanarella, Luca, Panagos, Panos, 

Robinson, David A., Tye, Andrew, Obst, Carl G. 
8(Brown) 7 Uwera, Claudine, Graveland, Cor, Munyawera, Swaib, Ngabirame, 

Gabriel, Nishimwe, Grace, Rugema, Didier Milindi, Stage, Jesper 

9(Pink) 5 Aronson, James, Woodworth, Paddy, Hein, Lars, Dimopoulos, Panayotis, 
Kokkoris, Ioannis P. 

Cluster Organization countries 

N Representative Organizations N Countries 
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Source: Author’s own calculations 

1(Red) 14 World Bank, University of Melbourne, 

University of Sussex, University of Oxford, 
University of Minnesota 

 

21 Austria, Belgium, 

Canada, Colombia, 
Denmark, Ethiopia, 

Finland, France, 

Germany, Greece, 
Italy, Japan, 

Kazakhstan, Kenya, 
Netherlands, Norway, 

Romania, Spain, 

Switzerland, Serbia, 
Sweden 

2(Green) 13 University of Amsterdam, London Schlool 
of Economics and Political Science, UCL  

14 Czech Republic, 
England, Georgia, 

Hungary, Iran, Latvia, 

Lithuania, Oman, Peru, 
Poland, Russia, 

Slovakia, Ukraine 
3(Blue) 12 University of Manchester, University of 

Ghana, Kings Coll London 

12 Australia, Egypt, 

Ireland, Kuwait, New 

Zealand, Peoples 
Republic of China, 

Scotland, Slovenia, 
Taiwan, Thailand, 

Vietnam 

4(Yellow) 11 University of South Africa, University of 
Cape Town, Coventry University, 

Covenant University  

11 Ecuador, Ghana, 
Nigeria, Pakistan, 

South Africa, Saudi 
Arabia, UAE, 

Uzbekistan, Tunisia 
5(Purple) 12 Leiden University, British Geol Survey, 

Utrecht University 

9 Azerbaijan, Brazil, 

Cyprus, Indonesia, 

Lebanon, Portugal 
South Korea, Turkey 

6(Sky Blue) 12 University of Surrey, University of 
Johannesburg, Middlesex University 

4 Bangladesh, India, 
Jordan, Malaysia 

7(Orange) 12 London School of Economics, Harvard 

University, MIT, University of London 

3 Mexico, Qatar, USA 

8(Brown) 51 Stockholm University, Cambridge 

University, Delft University of Technology 
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Figure 4: The Network Visualization Of Organizations Co-Authorship Analysis 

Countries co-authorship Analysis 

The minimum number of a documents of a country is 10 and the minimum number of citations of a 
country is 1, as threshold criteria. 49 meet the threshold criteria from the total of 122 countries. For 

every of 49 countries, the total strength of co-authorship links with other countries. These countries 
have greater total link strengths.  

Figure 14 depicts the networking visuals of the countries co-authorship analysis. Table 8 shows the 

countries co-authorship clusters. The largest cluster shows England as a top country with 57 links and 

378 documents.  

 

Figure 54: The Network Visualization Of Countries Co-Authorship Analysis 
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Co-Citation Analysis 

Another sub-analysis under bibliometric analysis is called co-citation analysis. Co citation analysis 

discovered the hotspot themes of evolutionary trends in existing literature under the field of green 
economy (Robledo-Giraldo et al., 2023). 

The minimum number of citation is selected 20 of the cited reference, as threshold criteria. Only 93 

cited references from the total 94,110 meet the threshold criteria. For each 94,110 cited references 
total strength of co-citation links with other possible cited references is calculated. Afterwards, only 

1000 cited references are selected and all came up with the greatest total link strength. 

Figure 15 depicts the network visual representation of co-citation analysis and presented the hotspot 
themes. Co-citation Analysis discovered the 4 thematic clusters which are explained with their 

colors and representative publications. Table 8 depicts these 4 clusters along with their labels, names 

and representative publications respectively.   

 

Figure 6: The Network Visualization Of Co-Citation Analysis And Hotspot Themes 
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Table 8: Co-citation Clusters. 

Source: Author’s own calculations 

Co-word Analysis 

The minimum number of the co-occurrence of a keyword is 5 for threshold criteria. Total 562 
publications meet the threshold criteria from the total of 7,313 keywords. For each of the 100 

keywords the total strength of co-occurrence associations with other keywords is calculated. The 

selected keywords represented as they all are with the largest total link strength.  

Figure 16 shows the network visual representation of co-word analysis which depicts the clusters 

with the emerging trends. Table 9 shows 7 co-word clusters with their names, labels and 

representative keywords respectively. 

Word Cloud 

Figure 17 depicts the visual representation of most occurred words utilized in specific publications in 
the field of Green Economy. 

Cluster Existing Themes  Number Representative Publications 

1(Red) Green Productivity, 

Economic Growth and 

Sustainable Development 

43 (Iftikhar, Ullah, & Pinglu, 2024), (Ullah & 

Pinglu, 2024), (B. Wu, Ding, Xie, & Zhang, 

2024), (Liu, Yao, Latif, Aslam, & Iqbal, 2022), 
(Ying Li & Fang, 2023), (Huang, 2024), (Wang, 

Zheng, Chen, & Wang, 2024) 
2(Green) Energy consumption, 

Climate Change and 

Environmental 
Sustainability 

30 (Barker, 2019), (Change, 2015), (Dipietro & 

Anoruo, 2006), (George, McGahan, & Prabhu, 

2012), (Gupta & Vegelin, 2016), (Managi & 
Kumar, 2018), (Yamaguchi, Islam, Managi, & 

Sciences, 2019) 
3(Blue) Resource Efficiency, 

Carbon emissions and 

environmental degradation 

11 (Gillwald, 2000), (Osuri, 2015), (Ngoa & Song, 

2021), (Efobi, Tanankem, & Asongu, 2018), 

(Gordon, 1976), (Phalen, Osellame, & Anderson, 
2014) 

4(Yellow) Endogenous growth, human 

capital and technological 

progress 

7 (Cerny, 1994), (Shrivastava, 2007), (Bördin & 

Engsfelt, 2016), (Ezeocha, 2024), (Shevchenko), 

(Ciurlau & Florea Ianc, 2020), (Asongu & 

Odhiambo, 2019), (Chelidze, Abutidze, & 
Gelitashvili, 2025), 
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Figure 7: The Network Visualization Of Co-Word Analysis And Emerging Trends 

  

 

Figure 8: Visualization of Word Cloud 
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Table 10: Co-word Clusters With Emerging Themes. 

Cluster Themes Number Representative Keywords 

1(Red) Technological Innovation, Digital 
Inclusion And Green Economic 

Efficiency  

186 Green economy, sustainability, 
climate change, sustainable 

development, energy, green 
transition, emissions, policy, 

renewable energy sources, circular 

economy. 
2(Green) Economic Transformation, Low 

Carbon Economic Efficiency And 
Environmental Protection 

112 Green total factor productivity 

(GTFP), green economic 
development, environmental 

regulation, industrial structure, 

spatial spillover, digital economy, 
technological innovation, 

environmental efficiency, 
urbanization, carbon emission 

efficiency. 

3(Blue) Economic Diversification, Green 
Energy Transition And Green 

Growth  

105 Economic growth, CO₂ emissions, 

renewable energy, environmental 
quality, environmental Kuznets 

curve (EKC), green growth, trade 
openness, financial development, 

foreign direct investment (FDI), 

natural resources. 
4(Yellow) Green Innovation, Environmental 

Management And Economic 

Sustainability 

74 Green innovation, green financing, 

environmental performance, 

corporate sustainability, ESG 

performance, corporate social 

responsibility, environmental 
innovation, green investment, 

technological innovation, corporate 
governance. 

5(Purple) Carbon Emissions, Energy Transition 

And Environmental Degradation 

46 Carbon emissions, carbon neutrality, 

carbon intensity, energy 
consumption, renewable energy 

development, environmental 

degradation, land-use change, 

transportation, economic policy 

uncertainty, technical progress. 
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Source: Author’s own calculations 

Hypothesis of Study 

Following are the hypothesis based on conceptual frameworks 

H1: Green Technological Innovation plays significant role in order to promote Green Economy. 

H2: Renewable Energy Consumption plays significant role in order to promote Green Economy. 

H3: Financial Inclusion plays significant role in order to promote Green Economy. 

Conceptual Framework 

Conceptual framework encompasses the dependent, independent variable, and the control 

variables used in this study. Green economy (GE) is considered as the dependent variable which is 

measured through inclusive wealth.  

Green Technological Innovation (GTI), Renewable Energy Consumption (REC) and Financial 

Inclusion (FI) taken as the independent variable, while Foreign Direct Investment (FDI), Gross 
Domestic Product (GDP), Trade Openness (TO) and Urbanization (URP) are taken as the control 

variables in the study. Figure 18 represents the conceptual framework used in this study. 

6(Sky 

Blue) 

Financial Inclusion, Technological 

Innovation And Environmental 
Sustainability 

46 Green finance, green credit, digital 

inclusive finance, carbon emission 
reduction, technological progress, 

technology innovation, 

environmental policy, financial 
inclusion, digital transformation, 

sustainable economic development. 
7(Orange) Income Inequality And Green 

Market Transition 

10 Income inequality, green market 

transition, green economy, green 

finance, environmental 
sustainability, renewable energy, 

green innovation, carbon emissions, 
social equity, sustainable 

development. 
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Figure 18: Conceptual Framework, Source: Author’s own 

Research Gap 

Table 11 depicts the research gap of this study; 

Table 11: Gap in Existing Literature 

Gap Category Existing Literature Contribution 

Measurement of 

Green Economy 

Most of studies used traditional 

indicators to measure green 
economy such as; 

Green Growth 

Green Growth Index 
Environmental Performance 

Index 
Green Total Factor Productivity 

This study utilized inclusive wealth as a 

comprehensive measure to green 
economy.  

 

Lack of Empirical 

Studies 

Only a few studies are available 

which established that inclusive 
wealth should be used to 

measure green economic 
efficiency.  

 

This study provide empirical evidence of 

taking inclusive wealth as a complete 
matrix to measure green economy. 
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Policy Variables Only a study considered the role 

of financial inclusion to promote 
inclusive wealth in top seven 

emerging countries.  

This study investigates the role of 

financial inclusion to promote green 
economy specifically in BRICS 

economies.  

Unexplored 
Variables 

Only a few studies examined the 
role of technological innovation 

to strengthen the impacts 
towards inclusive wealth.  

This study introduced green 
technological innovation and renewable 

energy consumption as new policy 
variable to promote green economy.  

 

Geographical 
Limitations 

Most of the research is conducted 
on China.  

This study analyzed the BRICS member 
countries.  

Bibliometric and 

Content Analysis 

Only a few studies presented 

bibliometric analysis done green 
economy but separately 

This study provide bibliometric analysis 

on green economy as a part of literature 
review. 

 

Source: Author’s own calculations 

Methodology 

Theoretical Framework 

Following theories provides the theoretical grounds; 

1. Endogenous Growth Theory 

2. Hartwick Rule 

Hartwick Rule 

In 1977 Hartwick introduced the Hartwick’s Rule which provides an important theoretical 

foundation for sustainable development by emphasizing the maintenance of an economy’s overall 

capital stock over time (Colonescu & Ghosh, 2025). The theory therefore shifts attention from short-

term income and production towards the long-term preservation of total wealth, which closely 
relates to the concept of Inclusive Wealth (McLaughlin, 2026). 

Endogenous Growth Theory 

Endogenous Growth Theory, primarily associated with Romer (1986) and Lucas (1988) (Șerban, 
2020). This theory explains long-run economic growth through factors generated within the 

economic system, particularly technological innovation, knowledge accumulation, human capital, 

and investment (Rubin, 2025).  

Data Span and Countries Selection 
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In order to accomplish the specific purpose of this study, we gathered the data from 2006 to 2025 of 

BRICS countries which consists of 11 nations that are named as Brazil, China, India Indonesia, Russia, 
Egypt, Ethiopia, Iran Saudi Arabic, United Arab Emirates and South Africa. The selection of top 

seven emerging economies for study has unique validations. These economies collectively account 
for 40% of global population, one-third of world’s GDP (Gross Domestic Product) and 45% to 50% 

contributor to carbon emissions (Owojori & Anwana, 2025). These economies plays important role 

as they have achieved faster economic growth as compare to other developing countries (Uzar, 2022).  

Detail Formation and Selection of Variables 

Table 13 in the appendix shows the description and data source of all the variables used in this study. 

Green Economy (GE) is taken as dependent variable which is measured through inclusive wealth. 

Inclusive wealth consists on Produced Capital (PC), Human Capital (HC) and Natural Capital (NC).  

Model Specification 

This study regresses the following model;  

GE = β0 + β1GTIit + β2RECit + β3FIit + β4GDPit + β5FDIit + β6TOit + β7URPit + εit     (1) 

Equation 1 shows that Green Economy (GE) is dependent variable. Green Technological Innovation 

(GTI), Renewable Energy Consumption (REC) and Financial Inclusion (FI) are considered as the 
independent variables. And Foreign Direct Investment (FDI), Gross Domestic Product (GDP), Trade 

Openness (TO) and Urbanization (U) are taken as the control variables in the study. While εit , 
considered as the error term. 

Results and Discussion 

Descriptive Statistics 

Table 14 shows the results of descriptive statistics. 

Table 14:  Descriptive Statistics 

Variables  Std. Dev.  Mean  Median  Maximum  Minimum 

GE 0.314358 0.644214 0.724655 1.000000 0.000000 

GTI 0.288620 0.477839 0.483189 1.000000 0.000000 

REC 0.313573 0.356514 0.296296 1.000000 0.000000 

FI 0.317581 0.620248 0.712575 1.000000 0.000000 

FDI 0.288545 0.457240 0.443718 1.000000 0.000000 

GDP 0.261019 0.532551 0.527291 1.000000 0.020410 

TO 0.293677 0.461493 0.447728 1.000000 0.000000 

URB 0.324158 0.560426 0.588564 1.000000 0.000000 

URP 0.324158 0.560426 0.588564 1.000000 0.000000 
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Source: Author’s own calculations 

Cross-sectional Dependence Test 

Table 15 shows the results of cross sectional dependence tests. The p-value of Breusch Pagan LM, 

Pesaran Scaled LM and Pesaran CD test is 0.0000 so, we reject the null hypothesis which confirms 

the presence of cross sectional dependence. While the Table 6 only shows the results of Pesaran CD 
cross sectional dependence test of all the variables individually.  

Table 15: Results of Cross-sectional Dependence Tests 

Test Statistic Prob. 

Breusch-Pagan LM 183.4269 0.0000 

Pesaran Scaled LM 17.37442 0.0000 
Pesaran CD 4.952898 0.0000 

 

Source: Author’s own calculations 

Heat Map 

Figure 20 shows the heat map of correlation coefficients which depicts how variables are correlated 

with each other within the given range of 0 to 1. 

 

Figure 20: Heat Map, Source: Author’s own 
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Table 16 in appendix shows the interpretation of heat map. 

Unit Root Tests 

Interpretation of CIPS 

All variables are non-stationary at level except FDI which become stationary at 1% significance 
level. While all variables become stationary at first difference with different level of significance at 

constant. All variables show non-stationarity at level except FDI which shows stationarity at 1% 

significance level. And all variables become stationary at first difference. All the variables are 
integrated at I (0) and I (1) which shows the mix order of integration at constant and trend. 

Table 17: Pesaran CD & Unit Root Tests 

Var. CIPS CADF 

Pesaran 

CD-

test 

With Constant With Constant & 

Trend 

With Constant With Constant & 

Trend 

I(0) I(1) I(0) I(1) I(0) I(1) I(0) I(1) 

GE  

16.21 

-

2.297* 

-3.258 -1.263* -3.281* -2.298* -2.053 -1.262* -2.141 

 
GTI 

 
6.01 

-2.986 -5.069* -3.068 -5.012* -2.244 -3.542* -2.443 -3.577* 

 
REC 

 
9.86 

-2.209 -4.534* -3.243 -4.64*5 -1.743 -2.774* -2.166 -2.800* 

 

FI 

 

7.84 

-3.916* -5.716* -4.029 -5.736* -1.472* -4.010* -0.335 -1.495* 

 

FDI 

 

0.96 

-2.797 -5.391* -3.562 -5.465* -1.517 -3.647* -2.216 -3.733* 

 

GDP 

 

20.72 

-0.755 -3.562* -2.511 -3.736 -0.651 -2.573* -2.148 -2.918* 

 
TO 

 
0.14 

-1.338 -4.21*5 -2.778 -4.391* -1.246 -3.712* -3.238* -3.994* 

 
URP 

 
25.17 

-1.615* -2.209 -1.938* -2.671 -2.117 -
2.209** 

-2.597 -2.653 

 

Source: Author’s own calculations, *, **, *** shows significance level at 1%, 5%, less than 10%. Note: All 
values show significance at 1%. 

Interpretation of CADF 

All variables are non-stationary at level except FDI which become stationary at 1% significance 

level. While all variables become stationary at first difference with different level of significance at 
constant.  
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All variables shows non-stationarity at level except FDI which shows stationarity at 1% significance 

level. And all variables become stationary at first difference. All the variables are integrated at I (0) 
and I (1) which shows the mix order of integration at constant and trend. 

Long Run Co-Integration Test 

Table 18 shows the results of cointegration tests. The maximum p-values of fisher, Pedroni and KAO 

test are less than 0.05. As p-value is less or equal to 0.05 we reject the null hypothesis.  

Table 18: Fisher, Pedroni and KAO Co-Integration Tests 

Unrestricted Cointegration Rank Test (Trace and Maximum Eigenvalue) 

Hypothesized 
No. of CE(s) 

Trace Test Max-Eigen Test 

Fisher Stat.* Prob. Fisher Stat.* Prob. 

None 97.65 0.0000 97.65 0.0000 

At most 1 365.3 0.0000 278.0 0.0000 

At most 2 216.7 0.0000 132.0 0.0000 

At most 3 128.0 0.0000 93.15 0.0000 

At most 4 70.66 0.0000 53.97 0.0000 

At most 5 45.91 0.0003 45.91 0.0003 

 

Pedroni Residual Cointegration Test 

 

Alternative hypothesis (H1): common AR coefs. (within-dimension) 

 Statistic Prob. Weighted Statistic Prob. 

Panel v-Statistic 0.132213  0.4474 -1.334722  0.9090 
Panel rho-Statistic 0.498348  0.6909  0.803431  0.7891 

Panel PP-Statistic -8.287968  0.0000 -10.60290  0.0000 

Panel ADF-Statistic -4.169362  0.0000 -5.213351  0.0000 

 

Alternative hypothesis (H1): individual AR coefs. (between-dimension) 
 

 Statistic Prob.   

Group rho-Statistic  1.832322  0.9665   

Group PP-Statistic -15.59585  0.0000   

Group ADF-Statistic -5.213508  0.0000   
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Kao Residual Cointegration Test: Null Hypothesis: No cointegration 
 

Source: Author’s own calculations 

Augmented Mean Group (AMG) 

Table 19 shows the results of AMG estimators, which depicts that all the modeled variables are 
statistically significant. 

One percent increase in green technological innovation, renewable energy consumption, financial 

inclusion, GDP, trade openness and urbanization on average caused the inclusive wealth will be 

increased by 6.6885%, 3.2604%, 5.678%, 19.44%, 8.134% and 21.8% in the long run 
respectively. While One percent increase in FDI on average caused the inclusive wealth will be 

decreased by 1.34% in the long run.  

Table 19: Results of AMG and PMG of Main Model 

Variable Names Dependent Variable = GE 

 PMG AMG 
Long run Estimates Short run Estimates Long run Estimates 

 
GTI 

0.113254* 
(0.058353) 

-0.022073* 
(0.034152) 

0.0668855* 
(0.056814) 

 
REC 

0.036027* 
(0.066790) 

-0.022129*** 
(0.069487) 

0.0326047*** 
(0.0290754) 

 

FI 

0.414141** 

(0.090699) 

0.203230** 

(0.110388)  

0.0567857*** 

(0.004146) 

 
FDI 

0.153594* 
(0.057001) 

-0.030322** 
(0.017062) 

-0.0134316 
(0.0017242) 

 

GDP 

0.091575** 

(0.082093) 

0.137325*** 

(0.171085) 

0.1944073** 

(0.1211503) 
 
TO 

0.253327** 
(0.075233) 

0.050818 
(0.033363) 

0.0813404*** 
(0.0714538) 

 
URP 

0.397467** 
(0.091881) 

2.025468 
(2.114147) 

0.2185799** 
(0.0437581) 

_cons  0.255033*** 
(0.110873) 

0.6068855* 
(0.2076814) 

COINTEQ01  0.136300* 

(0.113691) 

0.0326047 

(0.0290754) 
__00000R_c   0.0000757** 

(0.0004146) 

Test t-Statistic Prob. 

ADF -3.757861 0.0001 
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Source: Author’s own calculations, *, **, *** shows significance level at 1%, 5%, less than 10% while 

standard errors are in (). 

Pool Mean Group (PMG) 

Table 19 shows the results of PMG estimators both in short and long run, which depicts that all the 

modeled variables are statistically significant as the given p-value for all the variables which 

ensures the significance of variables.  

One percent increase in green technological innovation, renewable energy consumption, financial 
inclusion, FDI, GDP, trade openness and urbanization on average caused the inclusive wealth will be 

increased by 11.32%, 3.602%, 41.4141%, 15.35%, 9.157%, 25.33% and 39.74% the long run 
respectively.  

On the flip side, one percent increase financial inclusion, GDP, trade and urbanization on average 

caused the inclusive wealth will be increased by 20.32%, 13.73%, 5.08% and 39.74% in the short 

run. While one percent increase in green technological innovation, renewable energy consumption 
and FDI on average caused the inclusive wealth will be decreased by 2.20%, 2.212% and 

3.03%the short run respectively.  

FMOLS and DOLS  

In order to check the further robustness this study employed FMOLS and DOLS. And the table 7 
shows the results of FMOLS and DOLS.  

Table 20: Results of FMOLS and DOLS 

Variables 

FMOLS DOLS 

Coefficient P-value Coefficient P-value 

 
GTI 

-0.099709*** 
(0.090696) 

0.0933 0.119841 
(0.104982) 

0.2564 

 
REC 

-0.300783* 
(0.072455) 

0.0001 -0.239526* 
(0.087932) 

0.0076 

 

FI 

0.331630* 

(0.125188) 

0.0089 0.124371** 

(0.157410) 

0.0414 

 

FDI 

-0.124771** 

(0.086278) 

0.0602 0.454560* 

(0.180842) 

0.0136 

 

GDP 

0.144793* 

(0.140485) 

0.0343 -0.069132** 

(0.116372) 

0.05538 

 
TO 

0.159055** 
(0.083665) 

0.0592 0.352664* 
(0.097058) 

0.0004 

 
URP 

0.377989* 
(0.133982) 

0.0054 0.290038*** 
(0.172014) 

0.0949 
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Source: Author’s own calculations, *, **, *** shows significance level at 1%, 5%, less than 10% while 
standard errors are in (). 

Discussion 

The results indicated that Green Technological Innovation (GTI), Renewable Energy Consumption 

(REC) and Financial Inclusion (FI) are positively associated with Inclusive Wealth in the long run. 
GTI has positive and significant coefficients in both PMG and AMG, while its short-run coefficient is 

negative which suggests that the benefits of green innovation may take time to materialize because 
of initial research, investment, and technological adjustment costs. Similarly, REC shows a positive 

and significant long-run relationship with Inclusive Wealth in both estimators, whereas its short-run 

effect is negative. This may reflect the substantial initial costs of renewable-energy infrastructure 
and the gradual realization of environmental benefits.  

Moreover, figure 21 shows that Financial Inclusion, has positive effects in both the short and long run, 

indicating that improved access to financial services can facilitate investment, entrepreneurship, and 
the accumulation of human and produced capital. Among the control variables, GDP, Trade 

Openness, and Urbanization generally exhibit positive and significant long-run relationships with 

Inclusive Wealth. GDP shows a consistently positive effect across PMG and AMG, suggesting that 
higher economic activity and income can provide greater resources for investment in produced and 

human capital.  

 
 

Figure 21: Role of Independent and Control Variables Towards Green Economy, Author’s own 

Overall, the results suggest that green innovation, renewable energy, financial inclusion, economic 
growth, trade openness, and sustainable urbanization can contribute to long-term improvements in 

Inclusive Wealth, while the benefits of green transformation may involve short-run adjustment costs 

and the contribution of FDI depends considerably on the nature and environmental quality of foreign 
investment. 
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Conclusion 

The main aim of this study is to investigate the role of green technological innovation, renewable 

energy consumption and financial inclusion to ensure the green economy in the context of selected 
BRICS economies. This study used panel data which consists on available BRICS nations from 2006 

to 2025. Literature review of this study consists on bibliometric analysis which substantiate this 
study and capture the attention of researchers towards green economy provisions. Bibliometric 

literature review is significant because it has given the emerging trend and the future research 

agendas in the field of green economy and sustainable development. 

Empirical analysis used Augmented Mean Group (AMG) and Pooled Mean group (PMG) in order to 

examine the long run relationship between modeled variables. The findings of this study revealed 

the existence of cross sectional dependence. This study used Augmented Mean Group (AMG) 
technique to get the long run estimates which revealed that green technological innovation, 

renewable energy consumption and financial inclusion positively impact the inclusive wealth. 
Pooled Mean Group (PMG) also validates the positive contribution of green technological innovation, 

renewable energy consumption and financial inclusion towards inclusive wealth.  

However, the negative short-run effects of green technological innovation and renewable energy 

consumption suggest that the transition towards a greener economy may involve initial investment 
and adjustment costs before generating long-term benefits. The effect of FDI remains comparatively 

mixed across estimators which indicates that its contribution to inclusive wealth depends on the 
nature and environmental quality of foreign investment. 

Overall, the findings suggest that BRICS economies can strengthen sustainable wealth 

accumulation through integration of green innovation, renewable energy consumption, financial 
inclusion, and environmentally sustainable growth strategies into their long-term development 

policies. As these economies collectively account for 40% of global population, one-third of world’s 

GDP (Gross Domestic Product) and 45% to 50% contributor to carbon emissions. 

Policy Suggestions 

 Policy recommendations are as follows; 

 Green Technological Innovation should be incorporated in the policy framing of sustainable 

development in order to promote green economy. 

 Renewable Energy Consumption must be inculcated specially to conserve environment in order 

to promote green economy. 

 Financial Inclusion should be promoted in order to guarantee the green economy. 

Study Limitations 

Study limitations are as follows; 



Journal of Social Research Development, Volume 7, Issue 5, July, 2026 

                 221 

 Firstly, this study limits the empirical analysis on BRICS countries, which bounds the 

generalizability of the findings.   

 Second, this study is conducted on macro level policy variables without incorporating the micro 

level impacts of such variables. So, it would difficult to get the real picture of policy 

implementation.  

 Third, this study used the combine index of inclusive wealth as measure to green economy which 

couldn’t depict that real implications of policy variables on produced, human and natural capital 

individually.  

Future Research Directions 

This study proposed following future research agendas themes based on co-word analysis by 

Bibliometric analysis which gives the researchers reliable directions for future research. 
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APPENDIX 

Table 21: Variables’ Description and Data Sources 

Variables Description Symbols Measurements Sub-measures Sources 

Dependent Variable 

 Green 

Economy 

GE Inclusive 

Wealth (Sum 
of produced 

capital, human 

capital and 
natural 

capital- Real 

chained 2019 

US$)  

*Produced Capital (PC)-

Value of machinery, 
buildings, equipment and 

residential and non-

residential urban land 
(Real chained 2019 US$). 

*Human Capital (HC)-

Present value of future 

earnings for working 

population over their 
lifetimes (Real chained 

WDI  
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2019 US$).  

*Natural Capital (NC)-
Valuation of renewable 

and non-renewable 

natural capital (Real 
chained 2019 US$).  

Independent Variables  

 1-Green 

Technological 

Innovation 

GTI Environment-

related 

technologies 

 Green Patents OECD 

 2-Renewble 

Energy 
Consumption 

REC Renewable energy consumption (% of total 

final energy consumption) 

WDI 

 3-Financial 

Inclusion 

FI Financial 

inclusion index 

1-Number of commercial 

bank branches per 
100,000 adults  

2- Number of ATMs per 
1,000 km2  

3- Outstanding deposits 

with commercial banks 
(% of GDP)  

4- Outstanding loans 
from commercial banks 

(% of GDP) 

IMF 

Control Variables 

 1-Foreign 

Direct 

Investment 

FDI Foreign direct investment, net inflows (% of 

GDP) 

WDI 

 2-Gross 

Domestic 
Product 

GDP GDP (constant US$) WDI 

 3-

Urbanization 

URP Urban population (% of total population) WDI 

 4-Trade 

openness 

TO Trade (% of GDP) WDI 

 
Source: Author’s own calculations 

Table 22: Heat Map Interpretation 

Correlation Range Color Relation 

0.0-0.2 Dark Teal Highly Positive  
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0.2-0.4 Light Teal Positive 

0.4-0.5 
0.5-0.6 

Pale Teal 
Pale Mustard 

Moderate  
Correlation 

0.6-0.8  Mustard Negative 

0.8-1.0 Dark Mustard Strongly Negative 

Source: Author’s own calculations 

 

 


