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Abstract 

Sustainable growth has emerged as a central objective 

of global development policy in the face of climate 

change, resource depletion, and widening socio-

economic inequalities. Emerging technologies are 

increasingly recognized as critical enablers of 

sustainability by enhancing resource efficiency, 

promoting inclusive growth, and reducing 

environmental externalities. This paper examines the 

role of emerging technologies such as artificial 

intelligence, Internet of Things, renewable energy 

systems, blockchain, green technologies, 

biotechnology, electric mobility, and digital platforms 

in fostering sustainable growth. Using a systematic 

review of thirty national and international studies, 

policy reports, and institutional publications, the paper 

synthesizes existing knowledge, identifies thematic 

trends, and highlights key challenges in technology 

adoption. The study finds that while emerging 

technologies significantly contribute to environmental 

sustainability and economic efficiency, issues related to 

governance, digital divide, cost, and ethical concerns 

remain major barriers. The paper concludes with policy 

recommendations for integrating technological 

innovation with sustainability objectives, particularly in 

developing economies such as India. 
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1. Introduction: 

Sustainable growth refers to a development pathway 

that meets present needs without compromising the 

ability of future generations to meet their own needs. 

Rapid industrialization, urbanization, and population 

growth have exerted immense pressure on natural 

resources and ecosystems, necessitating alternative 

growth models that balance economic progress with 

environmental protection and social equity. 

Emerging technologies have transformed production 

systems, governance mechanisms, and consumption 

patterns across the globe. Technologies such as artificial 

intelligence (AI), renewable energy systems, 

blockchain, and biotechnology offer innovative 

solutions to long-standing sustainability challenges by 

improving efficiency, transparency, and resilience. In 

recent years, policymakers and scholars have 

emphasized the integration of technological innovation 

with sustainability goals, as reflected in global 

frameworks such as the Sustainable Development Goals 

(SDGs). 

This paper seeks to critically analyze how emerging 

technologies contribute to sustainable growth, review 

existing literature systematically, and identify research 

gaps and policy implications relevant to developing 

countries. 

2. Conceptual Framework: Emerging Technologies 

and Sustainable Growth: 

Emerging technologies are defined as new or rapidly 

evolving technologies with the potential to significantly 

impact economic systems, social structures, and 

environmental outcomes. Sustainable growth rests on 

three interconnected pillars: economic sustainability, 

environmental sustainability, and social sustainability. 

Emerging technologies influence sustainable growth 

through: 

Efficiency enhancement (reduced resource and energy 

use), 
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Innovation-driven productivity, 

Environmental protection (lower emissions and 

waste), 

Social inclusion (access to education, healthcare, and 

digital services). 

The interaction between technology and sustainability 

is not automatic; it depends on institutional frameworks, 

regulatory policies, and ethical governance. 

Thus, emerging technologies act as cross-cutting 

enablers that simultaneously influence economic 

efficiency, environmental protection, and social 

inclusion. However, their effectiveness in promoting 

sustainable growth depends on governance capacity, 

institutional readiness, and policy coherence 

 

3. Review of Literature: 

The role of technological innovation in economic 

growth has been a central theme in development 

economics since the mid-twentieth century. Classical 

growth models identified technological progress as a 

major driver of productivity and long-term economic 

expansion. Solow (1957) highlighted that technological 

advancement contributes significantly to growth 

beyond the accumulation of capital and labor, providing 

a foundation for subsequent studies linking innovation 

with development outcomes. 

As concerns regarding environmental degradation 

intensified, scholars began integrating sustainability 

dimensions into growth theories. Porter and van der 

Linde (1995) challenged the conventional view that 

environmental regulations hinder competitiveness, 

arguing instead that well-designed regulations can 

stimulate innovation and enhance economic 

performance. Rennings (2000) further advanced this 

discourse by conceptualizing eco-innovation as a 

critical mechanism through which technological 

progress can support sustainable development 

objectives. 

With the rapid advancement of digital technologies, 

recent literature has increasingly focused on emerging 

technologies as enablers of sustainable growth. 

Brynjolfsson and McAfee (2014) examined how digital 

transformation enhances efficiency and productivity 

while simultaneously raising concerns related to 

inequality and labor market disruptions. Aghion et al. 

(2016) emphasized the importance of directing 

technological change toward environmentally 

sustainable pathways to address climate challenges. 

Artificial intelligence (AI) has gained prominence for its 

ability to optimize resource allocation, improve energy 

efficiency, and support climate modeling. Studies by 

Vinuesa et al. (2020) and Zhang et al. (2021) 

demonstrate that AI applications positively contribute to 

multiple Sustainable Development Goals, particularly 

in agriculture, energy management, and environmental 

monitoring. However, these studies also underline 

ethical, governance, and data-related challenges that 

may limit AI’s sustainability potential. 

The Internet of Things (IoT) has been widely 

recognized for enabling smart infrastructure and 

sustainable urban systems. Atzori et al. (2010) provided 

a comprehensive overview of IoT architectures, while 

Bibri and Krogstie (2017) highlighted the role of IoT-

based smart cities in reducing emissions, improving 

transportation efficiency, and enhancing urban 

resilience. These findings emphasize the importance of 

real-time data and interconnected systems in achieving 

sustainability outcomes. 

Renewable energy technologies constitute a core 

component of sustainable growth literature. Reports by 

the International Energy Agency (2022) and studies by 

Sovacool (2016) confirm that solar, wind, and energy 

storage technologies play a vital role in reducing 

greenhouse gas emissions and strengthening energy 

security. Jacobsson and Johnson (2000) further stress 

the importance of innovation systems and supportive 

policies in accelerating renewable energy transitions. 

Blockchain technology has emerged as a governance-

enhancing innovation that supports sustainability 

through transparency and traceability. Kouhizadeh and 

Sarkis (2018) and Saberi et al. (2019) highlight 

blockchain’s potential in greening supply chains, 

improving carbon accounting, and strengthening 

institutional trust. Similarly, Industry 4.0 technologies 

such as automation and smart manufacturing have been 

shown to reduce waste and enhance resource efficiency, 

although concerns regarding skill gaps and employment 

displacement persist (Lasi et al., 2014; Stock & Seliger, 

2016). 

Studies focusing on developing economies emphasize 

the role of digital public infrastructure, inclusive 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 
                        Conference - Volume 10 IBFE -2026                               SJIF Rating: 8.586                                     ISSN: 2582-3930                                                                                              

   

© 2026, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM.IBFE009                                       |        Page 58 
 

governance, and capacity building in translating 

technological innovation into sustainable growth. 

Reports by the World Bank (2020), UNDP (2022), and 

OECD (2021) highlight that without addressing 

institutional readiness and the digital divide, the 

sustainability benefits of emerging technologies may 

remain unevenly distributed. 

Overall, the literature indicates strong potential for 

emerging technologies to drive sustainable growth. 

However, existing studies largely analyze individual 

technologies or sector-specific applications, pointing to 

the need for integrated and holistic research approaches 

that examine multiple technologies simultaneously 

within broader sustainability frameworks. 

Despite extensive research, the literature reveals a gap 

in integrated analyses that examine multiple emerging 

technologies within a unified sustainable growth 

framework. Most studies focus on individual 

technologies or sectors, indicating the need for holistic, 

interdisciplinary research that links technological 

innovation with economic, environmental, and social 

sustainability. 

 

4. Research Gap: 

Although extensive literature exists on individual 

emerging technologies such as artificial intelligence, 

renewable energy, blockchain, and Industry 4.0, most 

studies examine their sustainability impacts in isolation 

or within specific sectors. There is a lack of integrated 

and holistic analysis that collectively examines multiple 

emerging technologies within a unified sustainable 

growth framework, particularly in the context of 

developing economies like India. Moreover, limited 

research links technological innovation simultaneously 

with economic, environmental, and social dimensions 

of sustainability while addressing governance and 

policy challenges. This study attempts to bridge this gap 

by providing a comprehensive, multi-technology review 

and policy-oriented analysis of emerging technologies 

as enablers of sustainable growth. 

5. Research Objectives: 

To examine the role of emerging technologies in 

promoting sustainable growth. 

To analyze sector-wise sustainability impacts of 

technological innovations. 

To identify challenges and limitations in technology-

driven sustainability. 

To suggest policy measures for effective integration of 

emerging technologies with sustainability goals. 

 

6. Research Methodology: 

The study adopts a descriptive and analytical research 

design based on secondary data. Data sources include 

peer-reviewed journals, books, government reports, 

international organization publications, and policy 

documents. A systematic literature review approach was 

used to select thirty relevant studies published between 

2000 and 2024. Content analysis was applied to identify 

recurring themes, impacts, and challenges related to 

emerging technologies and sustainable growth. 

The selected studies were screened based on relevance, 

citation impact, and thematic alignment with 

sustainability and emerging technologies. 

This methodology is appropriate for synthesizing 

interdisciplinary insights across technology, 

sustainability, and policy domains 

 

7. Emerging Technologies and Their Role in 

Sustainable Growth 

7.1 Artificial Intelligence and Big Data: 

AI enables predictive analytics, resource optimization, 

and intelligent decision-making in sectors such as 

energy, healthcare, and agriculture. Its contribution lies 

in reducing waste, improving productivity, and 

supporting evidence-based policymaking. 

7.2 Internet of Things: 

IoT facilitates real-time monitoring of infrastructure, 

environmental parameters, and logistics systems. Smart 

grids and smart water management systems 

significantly enhance sustainability outcomes. 

7.3 Renewable Energy Technologies: 

Solar, wind, green hydrogen, and advanced battery 

storage technologies reduce carbon emissions and 

promote energy independence. They are central to long-

term sustainable growth strategies. 
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7.4 Blockchain Technology: 

Blockchain improves transparency, accountability, and 

trust in supply chains, renewable energy trading, and 

carbon credit mechanisms, thereby strengthening 

sustainable governance. 

7.5 Green and Clean Technologies: 

Waste-to-energy systems, recycling technologies, and 

pollution control innovations support circular economy 

models and environmental conservation. 

7.6 Digital Twin Technology: 

Digital twin technology involves creating real-time 

virtual replicas of physical systems, such as cities, 

factories, power plants, and transportation networks. 

These digital models allow policymakers and 

organizations to simulate scenarios, predict failures, and 

optimize resource use before implementing changes in 

the real world. 

Digital twins significantly support sustainable growth 

by: 

Reducing material waste through predictive 

maintenance 

Optimizing energy consumption in smart infrastructure 

Supporting climate-resilient urban planning 

In smart cities, digital twins enable efficient traffic 

management, disaster preparedness, and infrastructure 

sustainability, thereby reducing environmental and 

economic costs. 

 

7.7 Advanced Materials and Nanotechnology: 

Nanotechnology and advanced materials play a vital 

role in sustainability by enhancing product durability, 

energy efficiency, and environmental protection. 

Nanomaterials are increasingly used in water 

purification, renewable energy storage, and pollution 

control. 

Their sustainability contributions include: 

Improved efficiency of solar panels and batteries 

Low-cost water filtration and desalination 

Reduction in industrial emissions through advanced 

coatings 

These technologies help minimize resource 

consumption while maximizing performance, 

supporting long-term ecological balance. 

 

7.8 Additive Manufacturing (3D Printing): 

Additive manufacturing, commonly known as 3D 

printing, enables layer-by-layer production of 

components using digital designs. This technology 

supports sustainable growth by minimizing material 

waste, shortening supply chains, and enabling localized 

production. 

Key sustainability benefits include: 

Reduced transportation emissions through decentralized 

manufacturing 

Efficient use of raw materials 

Custom production that lowers overproduction and 

inventory waste 

3D printing is increasingly applied in construction, 

healthcare, automotive, and renewable energy sectors to 

promote resource efficiency. 

 

7.9 Cloud Computing and Green Data Centers: 

Cloud computing supports sustainability by optimizing 

IT infrastructure, reducing energy consumption, and 

minimizing hardware waste. Modern green data centers 

use renewable energy, energy-efficient cooling systems, 

and virtualization technologies. 

Sustainability impacts include: 

Lower carbon footprint of digital services 

Reduced electronic waste 

Scalable digital access for education, governance, and 

business 

Cloud-based solutions are particularly important for 

developing countries, as they enable digital inclusion 

without heavy physical infrastructure investments. 

 

7.10 Carbon Capture, Utilization, and Storage 

(CCUS): 

CCUS technologies capture carbon dioxide emissions 

from industrial processes and power generation and 

either store them underground or reuse them for 
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industrial purposes. These technologies are crucial for 

achieving net-zero emission targets. 

Their role in sustainable growth includes: 

Decarbonization of hard-to-abate industries 

Support for low-carbon industrial transformation 

Compliance with climate commitments 

While CCUS is capital-intensive, its long-term 

environmental benefits make it a strategic technology 

for sustainable industrial growth. 

 

7.11 Smart Water Management Technologies: 

Smart water technologies integrate sensors, data 

analytics, and automation to manage water resources 

efficiently. These systems help detect leaks, monitor 

water quality, and optimize distribution networks. 

Key contributions include: 

Reduction in water losses 

Improved access to clean water 

Enhanced resilience against climate-induced water 

scarcity 

Water sustainability is critical for agricultural 

productivity, public health, and urban development, 

making these technologies essential for sustainable 

growth. 

 

7.12 Space Technologies and Satellite Applications: 

Satellite technologies support sustainability by 

providing real-time data on climate change, agriculture, 

disaster management, and natural resource monitoring. 

Earth observation systems assist in tracking 

deforestation, water bodies, air quality, and crop 

patterns. 

Sustainability outcomes include: 

Improved disaster risk reduction 

Climate monitoring and mitigation planning 

Evidence-based environmental policymaking 

Space technology has become an indispensable tool for 

sustainable governance at national and global levels. 

 

7.13 Educational Technology (EdTech) and Skill 

Platforms: 

EdTech platforms contribute to sustainable growth by 

promoting inclusive education, lifelong learning, and 

skill development aligned with green and digital 

economies. 

Their role includes: 

Reducing educational inequality 

Supporting workforce transition to sustainable 

industries 

Lowering carbon footprint through digital learning 

Human capital development is a critical pillar of 

sustainability, and EdTech ensures that technological 

progress is socially inclusive. 

 

7.14 Financial Technology (FinTech) for Sustainable 

Finance: 

FinTech innovations facilitate sustainable growth by 

improving access to finance, promoting transparency, 

and enabling green investments. Digital payments, 

blockchain-based finance, and AI-driven credit 

assessment expand financial inclusion. 

Sustainability contributions include: 

Support for green bonds and ESG investments 

Financial inclusion of marginalized populations 

Efficient allocation of capital toward sustainable 

projects 

FinTech strengthens the economic pillar of 

sustainability by aligning financial systems with 

environmental and social goals. 

 

8. Case Studies on Emerging Technologies and 

Sustainable Growth: 

To strengthen the practical relevance of emerging 

technologies in promoting sustainable growth, this 

section presents selected case studies that illustrate real-

world applications across key sectors. These cases 

demonstrate how technological innovations contribute 

simultaneously to economic efficiency, environmental 

sustainability, and social inclusion. 
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Case Study 1: Renewable Energy Transition in India 

India’s renewable energy expansion represents a 

significant example of technology-driven sustainable 

growth. Through large-scale deployment of solar and 

wind power under national renewable energy missions, 

India has substantially increased its installed renewable 

energy capacity over the last decade. Technological 

advancements in solar photovoltaics, grid integration, 

and energy storage have reduced costs and improved 

efficiency, making renewable energy competitive with 

conventional fossil fuels. 

This transition has contributed to sustainability in 

multiple ways. Environmentally, renewable energy 

adoption has helped reduce greenhouse gas emissions 

and dependence on coal-based power generation. 

Economically, it has generated employment 

opportunities in manufacturing, installation, and 

maintenance of renewable energy infrastructure. 

Socially, decentralized renewable solutions such as 

rooftop solar and mini-grids have improved electricity 

access in rural and remote areas. This case highlights 

how policy support combined with technological 

innovation can accelerate sustainable growth in 

developing economies. 

 

Case Study 2: Artificial Intelligence in Indian 

Agriculture 

The application of artificial intelligence in agriculture 

provides a compelling case of technology-enabled 

sustainability. AI-based platforms are increasingly used 

in India for crop advisory services, weather forecasting, 

soil health analysis, and pest management. These 

technologies rely on data analytics, satellite imagery, 

and machine learning algorithms to deliver real-time, 

location-specific recommendations to farmers. 

The sustainability impact of AI in agriculture is 

significant. AI-driven precision farming optimizes the 

use of water, fertilizers, and pesticides, thereby reducing 

environmental degradation and input costs. Improved 

yield prediction and risk assessment enhance farmers’ 

income stability and resilience to climate variability. 

Additionally, digital advisory platforms promote social 

inclusion by extending scientific agricultural 

knowledge to small and marginal farmers. This case 

demonstrates the role of AI in achieving 

environmentally sustainable and socially inclusive 

agricultural growth. 

 

Case Study 3: Blockchain for Sustainable Supply 

Chains 

Blockchain technology has been increasingly adopted to 

improve sustainability and transparency in global 

supply chains. By enabling immutable and traceable 

digital records, blockchain systems allow firms to track 

products from origin to consumption. This technology 

has been applied in sectors such as food, 

pharmaceuticals, and textiles to ensure ethical sourcing, 

reduce fraud, and improve accountability. 

From a sustainability perspective, blockchain enhances 

environmental outcomes by enabling accurate carbon 

tracking and responsible resource management. 

Economically, it reduces transaction costs and 

inefficiencies associated with information asymmetry. 

Socially, blockchain-supported traceability promotes 

fair trade practices and strengthens trust among 

producers, consumers, and regulators. This case 

illustrates how digital governance technologies can 

reinforce sustainable economic systems. 

 

Case Study 4: Electric Mobility and Urban 

Sustainability 

The adoption of electric mobility in urban transportation 

systems represents a critical pathway toward sustainable 

cities. Electric vehicles (EVs), supported by advances in 

battery technology and charging infrastructure, are 

increasingly promoted to address urban air pollution and 

fossil fuel dependence. Cities adopting EV-based public 

transport and shared mobility solutions have observed 

reductions in local emissions and noise pollution. 

The sustainability benefits of electric mobility are 

multidimensional. Environmentally, EVs contribute to 

improved air quality and lower lifecycle emissions 

when powered by clean energy sources. Economically, 

they reduce fuel import dependence and operating costs 

over the long term. Socially, cleaner urban transport 

systems improve public health and quality of life. This 

case demonstrates the role of emerging transportation 

technologies in advancing sustainable urban 

development. 
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9. Challenges in Technology-Driven Sustainable 

Growth: 

Despite their potential, emerging technologies face 

several constraints: 

• High initial investment costs 

• Digital and skill divide 

• Cybersecurity and data privacy 

concerns 

• Ethical issues in AI deployment 

• Weak institutional and regulatory 

frameworks 

Addressing these challenges is essential to ensure 

that technological progress translates into inclusive 

and sustainable outcomes. 

 

10. Policy Implications: 

Governments should promote technology diffusion 

through supportive policies, incentives, and public-

private partnerships. Investment in education and skill 

development is crucial to bridge the digital divide. 

Regulatory frameworks must ensure ethical use of 

technology while encouraging innovation. International 

cooperation is also necessary for technology transfer 

and climate action. 

 

11. Conclusion: 

Emerging technologies represent powerful instruments 

for achieving sustainable growth by aligning economic 

efficiency with environmental responsibility and social 

inclusion. While technological innovation alone cannot 

ensure sustainability, its integration with sound policies, 

institutions, and ethical governance can significantly 

accelerate progress toward sustainable development 

goals. For countries like India, leveraging emerging 

technologies strategically offers a viable pathway 

toward long-term, inclusive, and sustainable growth. 

Future research may empirically test these relationships 

across sectors and regions. 
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