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Abstract—Green technology has emerged as a critical 

approach for achieving environmental sustainability, 

economic growth, and improved quality of life in 

response to increasing global environmental challenges. 

This study investigates the role of green technologies in 

promoting sustainable development by analysing their 

applications across major sectors, including renewable 

energy systems, sustainable agriculture, waste 

management technologies, and green construction 

infrastructure. The research adopts a systematic 

qualitative literature review methodology, synthesizing 

recent academic studies, policy reports, and institutional 

publications. The analysis is conducted using the People–

Profit–Planet (3P) sustainability framework, which 

evaluates technological effectiveness in terms of social 

acceptance (People), economic feasibility (Profit), and 

environmental protection (Planet). 

The study identifies several critical limitations of green 

technology adoption, including high initial investment 

costs, infrastructure limitations, intermittency issues in 

renewable energy systems, resource-intensive 

manufacturing processes, and insufficient public 

awareness. Furthermore, the analysis reveals significant 

research gaps, particularly in the integration of multiple 

green technologies, social acceptance and behavioural 

adoption, economic feasibility for small-scale users, lack 

of standardized technology evaluation frameworks, and 

limited practical policy implementation strategies, 

especially in developing regions. To address these 

challenges, the study proposes several strategic solutions, 

including the development of integrated green 

technology ecosystems, expansion of community 

awareness and engagement programs, implementation 

of financial support mechanisms such as micro-financing 

and green subsidies, carbon footprint metrics, and the 

establishment of effective governance and policy 

monitoring systems. 

The findings highlight that successful adoption of green 

technologies requires multi-stakeholder collaboration 

between governments, industries, research institutions, 

and local communities. Additionally, the study identifies 

emerging future directions such as renewable energy 

expansion, smart and sustainable cities, AI and IoT-

based environmental monitoring, circular economy 

systems, and climate-resilient agriculture as key drivers 

of sustainable innovation.Overall, the research concludes 

that bridging existing research gaps, strengthening 

policy implementation, and promoting integrated 

technological systems are essential for maximizing the 

environmental, economic, and social benefits of green 

technology and achieving long-term global sustainability 

goals. 

 

Index Terms—Green Technology, Sustainable 

Development, Renewable Energy, Environmental 

Sustainability, Circular Economy. 

 

I. INTRODUCTION 

 

1.1. Definition and Scope 

Green technology refers to the strategic application of 

technology and science to develop products, services, 

and processes that minimize environmental harm 

(Investopedia 2024). Often categorized as "clean 

tech," its primary function is the conservation of 

natural resources and the reduction of pollution 

throughout the entire supply chain. By improving 

operational performance while simultaneously 

reducing waste and energy consumption, green 

technology offers a viable alternative to traditional 

fossil-fuel-dependent systems. 

 

1.2. Historical Context 

The narrative of green technology is rooted in the 

Industrial Revolution, when scientists first 

documented the deleterious effects of coal-based 
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industries on local ecosystems. A pivotal moment of 

collective action occurred during World War IIin the 

United States, nearly half a million volunteers 

participated in nationwide recycling programs, 

salvaging tens of thousands of tons of metal, paper, 

and rubber to support the war effort and minimize 

resource waste. The mid-20th century saw a rise in 

environmental consciousness, catalyzed by figures 

such as Rachel Carson, which eventually led to the 

1970 establishment of the United States 

Environmental Protection Agency (EPA). This 

regulatory milestone transitioned green tech from 

voluntary conservation to a formal framework of 

pollution control and resource management. 

 

1.3. Importance of the Study 

In the contemporary landscape, green technology has 

moved from the periphery to the center of global 

economic strategy. It has become a cornerstone of 

Environmental, Social, and Governance (ESG) 

frameworks, attracting substantial capital from 

socially responsible investors who prioritize 

organizations committed to climate change mitigation. 

Understanding the integration of these technologies is 

essential for navigating the transition to a sustainable 

global economy. 

 

II. OBJECTIVES OF THE STUDY 

 

The integration of green technology is driven by three 

fundamental objectives: 

➢ Environmental Protection:  

Focusing on repairing historical ecological damage, 

reducing the human carbon footprint, and conserving 

finite natural resources (Behera 2023). 

 

➢ Economic Sustainability:  

Ensuring that sustainable innovations are profitable 

and viable for long-term implementation, thereby 

securing the private investment necessary for large-

scale adoption (Mohammed 2020). 

 

➢ Improvement of Quality of Life:  

Enhancing human well-being by reducing exposure to 

chemical pollutants, improving food and water 

security, and fostering social sustainability through 

green employment. 

 

III. LITERATURE REVIEW 

 

1) Advancing Sustainability (2024) –  

“A Comprehensive Review of Green Technology 

Innovations and Their Environmental Impact”. This 

study reviews various green technology innovations 

and their role in reducing environmental pollution and 

improving sustainability. It examines technologies 

such as renewable energy systems, eco-friendly 

manufacturing, and energy-efficient infrastructure. 

The research highlights the importance of 

technological innovation in achieving long-term 

environmental protection. 

 

2) Behera, D. K. (2023) –  

“Promoting Sustainable Development Through 

Environmental Policy, Green Technologies, and 

Effective Waste Management”. This research 

discusses the role of environmental policies and green 

technologies in promoting sustainable development. It 

emphasizes the importance of proper waste 

management systems and government regulations in 

reducing environmental damage. The study concludes 

that policy support and technological adoption are 

essential for sustainable growth. 

 

3) Bibliometric Analysis (2024) –  

“Bibliometric Analysis of Green Technology 

Research Trends and Their Global Impact”. This paper 

analyses global research trends in green technology 

using bibliometric methods. It evaluates the growth of 

publications, major research areas, and contributions 

from different countries. The study shows that green 

technology research has significantly increased due to 

rising environmental concerns worldwide. 

 

4) Green Technology Integration (2024) –  

“Green Technology Integration and Circular Economy 

Pathways for Sustainable Innovation”. This study 

explores how green technologies can be integrated 

with circular economy principles to achieve 

sustainable innovation. It discusses strategies such as 

recycling, resource efficiency, and eco-friendly 

production systems. The research highlights that 

combining green technology with circular economy 

models can reduce waste and improve resource 

utilization. 
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5) Investopedia (2024)  

“Green Tech Definition.”. This article explains the 

concept of green technology and its importance in 

environmental sustainability. It describes how green 

technologies help reduce pollution, conserve natural 

resources, and promote renewable energy. The article 

also outlines major applications of green tech in 

industries and energy systems. 

 

6) Mohammed, M. H. (2020)  

“Green Technology and Its Impact on Economic 

Sustainability after 2020.” This research examines the 

relationship between green technology and economic 

sustainability in the post-2020 era. It highlights how 

environmentally friendly technologies contribute to 

economic growth while reducing environmental 

damage. The study emphasizes the importance of 

investment and innovation in green technologies for 

long-term development. 

 

7) Tech Buzz Online (2024) –  

“Green Tech Innovations: A Beginner’s Guide to 

Sustainable Technologies.” This article provides an 

overview of modern green technology innovations and 

their applications. It discusses renewable energy 

systems, sustainable transportation, and eco-friendly 

technologies designed to reduce environmental 

impact. The guide helps readers understand how green 

technologies contribute to sustainable development. 

 

8) Green Manufacturing Implementation Framework 

(2024) –  

“Framework for Sustainable Green Manufacturing 

Implementation”. This study explains how green 

manufacturing practices can reduce environmental 

impact in industrial production. It uses life-cycle 

assessment methods to evaluate energy use, resource 

efficiency, and waste reduction. The research 

highlights the importance of sustainable 

manufacturing for long-term industrial sustainability. 

 

9) Social Acceptance of Renewable Energy 

Technologies (2024) –  

“Social and Behavioural Factors Influencing 

Renewable Energy Adoption”. This research 

examines how social acceptance and public awareness 

influence renewable energy adoption. It discusses the 

role of cultural perceptions, education, and community 

participation in promoting sustainable energy systems. 

The study suggests that improving awareness can 

significantly increase renewable energy usage. 

 

10) Barriers to Small-Scale Biogas Adoption (2022) –  

“Socio-Economic Barriers to Small-Scale Biogas 

Technology Adoption”. This study analyses the 

barriers affecting the adoption of small-scale biogas 

technology in developing countries. It identifies issues 

such as high installation costs, lack of technical 

knowledge, and limited financial support. The 

research emphasizes the need for subsidies and 

training programs to promote biogas adoption. 

 

11) Barriers to Green Building Technology Adoption 

(2023) –  

“Challenges in the Adoption of Green Building 

Technologies”. This research explores the challenges 

faced in adopting green building technologies in the 

construction sector. It highlights barriers such as high 

costs, lack of expertise, and insufficient policy 

support. The study suggests that stronger regulations 

and awareness can encourage sustainable construction 

practices. 

 

12) Life Cycle Assessment for Emerging Technologies 

(2025) –  

“Life Cycle Assessment and Environmental Impact of 

Emerging Technologies”. This study evaluates the 

environmental impact of emerging technologies using 

life-cycle assessment methods. It examines energy 

consumption, resource usage, and sustainability 

performance across the technology life cycle. The 

research highlights the importance of standardized 

frameworks for measuring environmental efficiency. 

 

IV. RESEARCH GAPS IN GREEN 

TECHNOLOGY: 

 

Integration of Multiple Green Technologies 

Most studies analyse green technologies separately 

such as renewable energy, waste management, and 

sustainable agriculture. Very few research works 

propose integrated green technology ecosystems 

where multiple technologies function together for a 

sustainable system. Therefore, further research is 

needed to design and evaluate integrated models of 

green technologies. 
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Social Acceptance and Behavioural Adoption 

Existing research mainly focuses on environmental 

benefits and technological aspects of green 

technology. However, limited studies analyse user 

behaviour, public awareness, and cultural acceptance 

that influence the adoption of green technologies. This 

gap highlights the need to examine social and 

behavioural factors affecting technology adoption.  

 

Economic Feasibility for Small-Scale Users 

Many studies discuss green technology at industrial or 

national levels. However, detailed cost–benefit 

analysis for small businesses, rural communities, and 

households is rarely explored, making it difficult to 

understand the economic practicality of green 

technologies for small-scale users.  

 

Standardized Technology Evaluation Frameworks 

Although several studies highlight the benefits of 

green technologies, there is no universally accepted 

framework to measure their environmental impact, 

efficiency, and long-term sustainability, which creates 

challenges in evaluating their actual performance. 

 

Practical Policy Implementation Strategies 

Most research suggests environmental policies to 

promote green technology adoption. However, 

practical implementation strategies, governance 

models, and regulatory barriers are not deeply 

analysed, especially in developing regions. 

 

V. RESEARCH METHODOLOGY 

 

This research adopts a systematic qualitative review 

methodology to analyse current developments, 

challenges, and future opportunities in green 

technology. 

 

5.1. Research Design 

The study follows a qualitative literature review 

approach, examining peer-reviewed journal articles, 

policy reports, and industry publications related to 

green technology adoption and sustainability 

practices. 

 

5.2. Data Sources 

The data for this study were collected from secondary 

sources of information, including peer-reviewed 

research articles, academic journals, conference 

papers, books, and institutional reports related to green 

technology and sustainable development. These 

sources provided comprehensive information on the 

applications, challenges, and future prospects of green 

technologies across various sectors 

 

5.3. Data Analysis Method 

The collected literature was analysed using thematic 

analysis to identify common themes, including: 

• Green technology applications 

• Adoption barriers 

• Economic and environmental impacts 

• Policy frameworks and governance mechanisms 

 

The analysis was further evaluated using the People-

Profit-Planet (3P) sustainability framework, which 

examines: 

• People – social acceptance and quality of life 

• Profit – economic feasibility and financial 

sustainability 

• Planet – environmental protection and ecological 

balance 

 

5.4. Sector-Based Analysis 

The research categorized green technologies into four 

major sectors: 

• Renewable Energy Systems 

• Sustainable Agriculture 

• Waste Management Technologies 

• Green Construction and Infrastructure 

This sectoral classification allowed a comparative 

evaluation of technological effectiveness and 

implementation challenges. 

 

VI. TYPES AND APPLICATIONS OF GREEN 

TECHNOLOGY ACROSS DIFFERENT SECTORS 

 

Renewable Energy Technologies 

Renewable energy is the backbone of green innovation 

because it taps into natural sources that replenish 

themselves. Solar power uses panels to capture 

sunlight and convert it into electricity, while solar 

thermal systems can provide heating directly. Wind 

energy relies on turbines that harness the movement of 

air, whether installed on land or offshore. Hydropower 

makes use of flowing rivers or falling water to 

generate electricity, often through dams. Geothermal 

energy, on the other hand, draws heat from beneath the 
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Earth’s surface to produce power or provide heating. 

Together, these technologies reduce dependence on 

fossil fuels and cut greenhouse gas emissions. 

 

Green Building Technologies 

Buildings consume a huge share of global energy, so 

making them more sustainable is critical. Green 

construction emphasizes the use of eco-friendly 

materials such as recycled steel, reclaimed wood, or 

bamboothat minimize environmental damage. 

Energy-efficient systems, including advanced HVAC 

units and LED lighting, help reduce energy 

consumption. Smart building technologies go a step 

further by using sensors and IoT devices to monitor 

energy use in real time, allowing adjustments that save 

both energy and money. These innovations create 

healthier living spaces while lowering the carbon 

footprint of urban development. 

 

Electric and Hydrogen Transportation 

Transportation is one of the largest contributors to 

emissions, and green technology offers cleaner 

alternatives. Electric vehicles (EVs) run on electricity 

stored in batteries, which can be charged using 

renewable energy sources. They eliminate tailpipe 

emissions and reduce reliance on oil. Hydrogen fuel 

cell vehicles use hydrogen gas to generate electricity, 

producing only water vapor as a byproduct. Both 

technologies are reshaping mobility by offering 

sustainable options that can eventually replace 

conventional gasoline-powered cars and buses. 

 

Sustainable Agriculture Technologies 

Agriculture is essential for human survival but often 

comes with environmental costs. Precision farming 

uses data, sensors, and satellite imagery to optimize 

the use of water, fertilizers, and pesticides, ensuring 

crops get exactly what they need without waste. 

Vertical farming takes agriculture indoors, stacking 

crops in layers within controlled environments. This 

method reduces land use, conserves water, and allows 

year-round production. These innovations make 

farming more efficient and environmentally friendly 

while addressing food security challenges. 

Waste Management and Circular Economy 

Technologies 

Waste management is another critical area where 

green technology plays a role. Waste-to-energy 

systems convert non-recyclable materials into 

electricity or heat, reducing landfill use while 

generating useful energy. Advanced recycling 

technologies improve the recovery of valuable 

materials from waste streams, making it easier to reuse 

plastics, metals, and other resources. The broader 

concept of the circular economy emphasizes designing 

products and processes so that materials can be reused 

continuously, minimizing waste and maximizing 

resource efficiency. 

 

VII. FINDINGS 

 

The study reveals several important findings regarding 

green technology adoption and sustainability. 

Increasing Global Interest in Green Technology 

Recent research indicates a rapid increase in global 

investments and academic publications related to 

green technology due to growing environmental 

concerns and climate change mitigation efforts. 

 

Financial Barriers Remain the Major Obstacle 

High initial investment costs and lack of financial 

support remain major barriers to green technology 

adoption, particularly in developing countries. 

 

Lack of Integrated Technology Systems 

Most current technologies operate independently. 

Integrated systems combining renewable energy, 

waste recycling, and sustainable agriculture are still 

underdeveloped. 

 

Public Awareness Significantly Influences Adoption 

Studies show that social acceptance and community 

awareness play a critical role in the adoption of green 

technologies. 

 

Policy Support is Essential for Implementation 

Countries with strong policy frameworks and 

regulatory support demonstrate faster adoption of 

green technologies. 

 

Emerging Technologies Will Shape the Future 

Technologies such as AI, IoT, and smart energy 

systems are expected to significantly enhance resource 

management and environmental monitoring. 
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VIII. LIMITATIONS OF GREEN TECHNOLOGY 

 

8.1. General Obstacles 

Financial Constraints:  

High upfront investments for infrastructure (e.g., wind 

farms) remain prohibitive, particularly in developing 

nations where such costs are viewed as a luxury. 

 

Technical Challenges:  

Issues of intermittency (solar/wind variability) and the 

current inefficiency of energy storage solutions 

(batteries). 

 

Space Requirements:  

Large-scale installations like solar and wind farms 

require substantial land or water resources, leading to 

land-use conflicts in densely populated or agricultural 

areas. 

 

Resource Intensity:  

The manufacturing of green tech requires rare earth 

minerals; the extraction of these materials often causes 

deforestation and habitat destruction, creating an 

environmental paradox. 

 

Technological Dependency:  

A critical reliance on external inputs such as stable 

electricity, data networks, and continuous 

maintenance. 

 

8.2. Sector-Specific Limitations 

Waste Management: Challenges include the high cost 

of AI-based sorting and the extreme technical 

difficulty of recycling multi-layer plastics and 

composite packaging. Furthermore, waste-to-energy 

processes can be energy-intensive and may release 

toxic gases if improperly managed. 

 

Environmental Remediation:  

Incomplete removal of pollutants is common, as 

methods like bioremediation are site-specific and 

depend on precise pH/temperature. Secondary 

impacts, such as chemical treatments introducing new 

contaminants, remain a significant risk. 

 

Smart Agriculture:  

Limitations include the "digital divide," the potential 

loss of traditional agricultural wisdom, and data 

privacy concerns regarding IoT sensors. 

Green Construction:  

High costs for specialized materials and supply chain 

delays significantly impact project timelines. 

Environmental Monitoring: Data gaps in remote or 

unstable regions and a significant time lag between 

sampling and result processing hinder urgent 

responses. 

 

IX. SOLUTIONS 

 

Integration of Multiple Green Technologies: Existing 

Research Studies on green nanotechnology highlight 

the potential of combining renewable energy, waste 

management, and smart agriculture into unified 

ecosystems for efficiency gains and reduced resource 

intensity. If we Develop pilot projects where solar, 

wind, biogas, and water recycling systems are tested 

together in rural or urban clusters. This reduces land-

use conflicts and maximizes resource efficiency. 

 

Social Acceptance and Behavioural Adoption: 

Existing Research says that adoption barriers often 

stem from lack of awareness and cultural acceptance. 

Community engagement programs have proven 

effective in increasing participation in waste 

segregation and renewable energy adoption. So, for 

the solution launch digital awareness platforms and 

training workshops tailored to local contexts. For 

example, India’s “Solar Charkha Mission” 

successfully combined cultural heritage with 

renewable energy adoption. 

 

Economic Feasibility for Small-Scale Users: Research 

says high upfront costs remain a major obstacle, 

especially in developing nations. So, there is a need to 

expand micro-financing models and low-interest green 

loans. Case studies show that subsidies for rooftop 

solar in India significantly increased adoption among 

households and small businesses. Actionable Step 

should be taken by the governments and NGOs should 

co-develop community solar farms where costs are 

shared among users. 

 

Standardized Technology Evaluation Frameworks: 

Existing Research shows lack of universal metrics 

makes it difficult to compare technologies. Current 

sustainability studies emphasize the need for life-cycle 

assessment (LCA) and carbon footprint analysis. For 

that solution is to develop global benchmarking 



International Conference on Multidisciplinary Trends in Knowledge,  ISSN: 2349-6002 

Innovations and Sustainability 

196154 © IJIRT | www.ijirt.org MARCH 2026 100 

systems (similar to ISO standards) that measure 

efficiency, environmental impact, and social benefits. 

This ensures transparency and comparability across 

regions. 

 

Practical Policy Implementation Strategies: Policies 

often remain theoretical without strong governance. 

Successful examples include the EU’s Green Deal and 

India’s Perform, Achieve, Trade (PAT) scheme for 

energy efficiency. To overcome from this, establish 

regional governance councils that include 

government, industry, and academia. These councils 

should monitor compliance, incentivize innovation, 

and adapt policies to local realities. 

 

X. CONCLUSION. 

 

Green technology represents a transformative 

approach to achieving sustainable development by 

balancing environmental protection, economic 

growth, and social well-being. The study demonstrates 

that while green technologies offer significant benefits 

such as reduced carbon emissions, improved energy 

efficiency, and better resource management, their 

widespread adoption is hindered by financial 

constraints, technological limitations, and inadequate 

policy implementation. 

The analysis highlights critical research gaps in 

integrated technology systems, social acceptance, 

economic feasibility for small-scale users, and 

standardized sustainability evaluation frameworks. 

Addressing these gaps requires collaborative efforts 

from governments, industries, and research 

institutions. Integrated green ecosystems, improved 

awareness programs, and supportive financial policies 

can significantly enhance adoption rates. Ultimately, 

the successful implementation of green technologies 

will depend on innovative research, effective 

governance, and global cooperation aimed at building 

a sustainable future. 

 

XI. FUTURE SCOPE 

 

Renewable Energy Expansion 

Large-scale deployment of solar, wind, hydrogen fuel 

cells, and energy storage technologies will play a 

crucial role in achieving carbon neutrality. 

 

 

Smart Cities and Sustainable Infrastructure 

Development of energy-efficient buildings, smart 

grids, and intelligent transportation systems will 

enhance urban sustainability. 

 

AI and IoT in Environmental Monitoring 

Advanced data analytics, artificial intelligence, and 

IoT sensors will enable real-time monitoring of energy 

consumption, pollution levels, and resource 

utilization. 

 

Circular Economy and Waste-to-Energy Systems 

Future innovations will focus on converting waste into 

valuable energy and materials through improved 

recycling and resource recovery systems. 

 

Green Financing and Economic Models 

New financial mechanisms such as green bonds, 

carbon trading, and climate finance programs will help 

support sustainable technologies. 

 

Climate-Resilient Agriculture 

Precision agriculture, water-efficient irrigation 

systems, and climate-adaptive crop technologies will 

enhance food security 
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