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Abstract- The mitigation of climate change increasingly relies on the intersection of 

two transformative elements: green technology (GreenTech) and digital innovation. 

This paper investigates the integration of digital solutions such as artificial intelligence 

(AI), the Internet of Things (IoT), blockchain, cloud computing, and digital twins with 

renewable energy, sustainable agriculture, smart transportation, and green finance to 

expedite climate action. Employing a mixed-methods approach that merges a structured 

literature review with a survey-based analysis involving 240 organizations across six 

sectors, the study delineates an eight-year growth trajectory (2018-2025) in renewable 

energy capacity, the adoption of digital climate technologies, and investments in green 

technology, while also identifying the sector-specific patterns and obstacles influencing 

adoption. The findings reveal that the adoption of digital climate technologies has 

outpaced the growth of renewable energy capacity itself, primarily propelled by AI-

driven analytics and IoT sensor networks within the energy, transportation, and urban 

planning sectors, whereas blockchain-based tracking remains in its infancy. Significant 

barriers to broader adoption include high initial costs, a lack of skilled personnel, and 

issues related to data interoperability. The paper concludes with recommendations at 

both policy and enterprise levels aimed at fostering an inclusive and resilient green-

digital transition, and it suggests avenues for future research. 
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I.  Introduction 
 

1. Background 

The twenty-first century is characterized by two concurrent and increasingly 

intertwined revolutions: the digital revolution and the sustainability revolution. As the 

effects of climate change escalate, manifesting in rising global temperatures, extreme 

weather phenomena, biodiversity decline, and resource shortages, governments, 

industries, and civil society face escalating demands to decarbonize their economies 

while maintaining growth. At the same time, swift advancements in digital technologies 

have produced potent new instruments for assessing, managing, and mitigating 

environmental impacts. The convergence of these two dynamics has led to what this 

paper refers to as the 'green-digital nexus' the application of digital innovation as a 

facilitator, accelerator, and force-multiplier for green technologies and climate 

initiatives. 
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Green technology, often termed 'CleanTech', encompasses products, services, and 

processes designed to diminish or eradicate negative environmental effects through the 

efficient utilization of natural resources, waste minimization, and the decarbonization 

of energy systems. Conversely, digital solutions aimed at climate action include a wide 

array of tools such as artificial intelligence (AI), the Internet of Things (IoT), big data 

analytics, blockchain technology, cloud computing, and digital twins, which facilitate 

real-time monitoring, predictive optimization, transparent tracking, and data-informed 

decision-making across various sectors, including energy, agriculture, manufacturing, 

transportation, urban planning, and finance. 

 

2. Key Concepts 

 Green Technology (GreenTech/CleanTech): Innovations including solar 

photovoltaics, wind energy, green hydrogen, energy storage, and circular-economy 

manufacturing that aim to minimize environmental impact. 

 Digital Transformation for Sustainability: The utilization of AI, IoT, big data, 

blockchain, and cloud platforms to enhance resource efficiency, track emissions, 

and streamline sustainability reporting. 

 Climate Action: Initiatives, technologies, and changes in behavior focused on 

mitigating climate change (reducing greenhouse gas emissions) and adapting to its 

effects (enhancing resilience to climate impacts). 

 Smart Grids and Digital Twins: Energy networks managed through digital means 

and virtual representations of physical systems that facilitate simulation, 

forecasting, and optimization of energy and resource distribution. 

 ESG (Environmental, Social, Governance) Analytics: Digital tools that measure 

and communicate sustainability performance to investors, regulators, and 

consumers. 

 Green-Digital Nexus: The conceptual framework proposed in this paper that 

illustrates the interdependent relationship between the adoption of digital 

innovations and green technologies. 

 

3. Objectives of the Study 

 To investigate the conceptual alignment of digital technology and green innovation 

within the framework of climate action. 

 To assess the current literature regarding digital solutions that facilitate renewable 

energy, sustainable agriculture, smart transportation, and green finance. 

 To conduct an empirical analysis of the trends in adoption and sector-specific 

patterns of digital climate technologies from 2018 to 2025. 

 To pinpoint the primary obstacles hindering the broader implementation of digital 

green solutions. 

 To offer practical recommendations for policymakers, businesses, and technology 

developers. 

 

4. Significance of the Study 

This research adds to the expanding field of interdisciplinary studies that merge 

environmental science, technology management, and public policy. By integrating 

trend analysis with insights from primary surveys, it provides a conceptual framework 

alongside empirical evidence that can guide investment choices, policy formulation, 
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and corporate sustainability strategies during a time when digital innovation plays a 

crucial role in reaching net-zero objectives. 

 

II. Review of Literature 
 

1. Digitalisation of Renewable Energy Systems 

A significant amount of research underscores the transformative impact of digital 

technologies on energy generation and distribution. Smart grid systems, which 

incorporate IoT sensors and AI-driven load forecasting, have demonstrated 

enhancements in grid stability and reductions in transmission losses, while also 

facilitating the increased integration of variable renewable energy sources like solar and 

wind. Research on energy storage and demand-response systems further emphasizes 

the importance of predictive analytics in achieving real-time balance between supply 

and demand. 

 

2. Artificial Intelligence and IoT for Environmental Monitoring 

AI and IoT-enabled sensor networks are frequently highlighted in academic literature 

as pivotal to precision agriculture, water resource management, and monitoring 

industrial emissions. These technologies facilitate ongoing, detailed data collection, 

which aids in the development of early warning systems for climate-related risks, 

enhances the efficiency of input utilization in agriculture, and supports predictive 

maintenance strategies that minimize energy waste in manufacturing. 

 

3. Blockchain and Transparent Carbon Markets 

Recent studies on the applications of blockchain in sustainability highlight its ability to 

improve transparency and traceability within carbon credit markets, the monitoring of 

supply chain emissions, and the trading of renewable energy certificates. Nevertheless, 

researchers point out that the integration of blockchain technology in this area is still in 

a nascent and experimental phase when compared to the applications of AI and IoT, 

hindered by issues related to scalability, the energy demands of certain blockchain 

protocols, and uncertainties in regulation. 

 

4. Digital Twins and Smart Urban Planning 

Research on smart cities explores the application of digital twin technology, which 

involves creating virtual representations of physical urban systems to model traffic 

patterns, energy usage in buildings, and scenarios for climate resilience prior to 

implementing physical changes. This body of literature positions digital twins as a 

decision-support mechanism that mitigates the financial and operational risks 

associated with climate adaptation planning in urban settings. 

 

5. Green Finance and ESG Digital Platforms 

A growing strand of literature examines how cloud-based ESG reporting platforms and 

AI-driven risk analytics are reshaping green finance, enabling investors to assess 

climate risk exposure and channel capital toward sustainable projects more efficiently. 

This has been linked to the rapid growth of green bonds and sustainability-linked 

lending instruments globally. An emerging body of research investigates how cloud-

based ESG reporting platforms and AI-enhanced risk analytics are transforming green 

finance, allowing investors to evaluate climate risk exposure and direct capital towards 

sustainable initiatives with greater efficiency. This trend is associated with the swift 
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expansion of green bonds and sustainability-linked lending instruments on a global 

scale. 

 

6. Barriers to Adoption 

Across various sectors, the literature consistently identifies several barriers, including 

significant initial capital investments, a lack of digitally skilled workforce, fragmented 

data standards that hinder interoperability, regulatory ambiguities surrounding new 

technologies like blockchain, and organizational resistance to change. Numerous 

studies also highlight the paradox of digital sustainability: that data centers, AI training, 

and blockchain infrastructures themselves possess a substantial energy and carbon 

footprint, necessitating thorough net-impact evaluations. 

 

7. Research Gap 

While a substantial amount of literature has focused on green technology and digital 

transformation in isolation, there is a scarcity of studies that provide a comprehensive, 

cross-sectoral empirical analysis of adoption rates and obstacles within the green-digital 

intersection. This paper seeks to fill that void by integrating a conceptual review with 

primary survey-based research across six distinct sectors. 

 

III. Research Methodology 
 

1. Research Design 

This research employs a descriptive-exploratory mixed-methods approach. It integrates 

a qualitative review of existing literature with a quantitative survey analysis to furnish 

both theoretical foundations and empirical insights regarding adoption trends. 

 

2. Data Sources 

 

Table 1: Sectoral Profile of Survey Sample (N = 240) 

Sector No. of Organisations % of Sample 

Energy & Utilities 42 17.5% 

Manufacturing 45 18.8% 

Agriculture 38 15.8% 

Transport & Logistics 40 16.7% 

Urban Planning / Municipal Bodies 35 14.6% 

Financial Services (Green Finance) 40 16.7% 

Total 240 100% 

 

Two categories of data are used: 

 Secondary trend indices: Composite indices (2018 = 100) were developed to 

illustrate the growth of renewable energy capacity, the adoption of digital climate 

technologies, and the funding of green-tech startups, based on the overall trajectory 

of publicly available industry and market data from 2018 to 2025. 
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 Primary survey data: A structured questionnaire was distributed among 

sustainability and technology decision-makers in 240 organizations spanning six 

sectors: Energy & Utilities, Manufacturing, Agriculture, Transport & Logistics, 

Urban Planning/Municipal Bodies, and Financial Services. Stratified random 

sampling was employed to guarantee adequate representation across sectors (see 

Table 1). 

 

3. Tools of Analysis 

The research utilizes descriptive statistical methods, such as percentages and mean 

values, to encapsulate the adoption rates and discern the perceived obstacles linked to 

green-digital technologies. Trend and index analysis are employed to investigate and 

monitor multi-year growth trends across various green-digital indicators. Additionally, 

the Compound Annual Growth Rate (CAGR) is computed to evaluate and contrast the 

growth momentum of different indicators throughout the study period. Moreover, a 

thematic content analysis of pertinent literature is conducted to pinpoint significant 

themes and concepts, which are then utilized to formulate the conceptual framework 

outlined in Section 1.2. 

 

4. Scope and Limitations 

This research is exploratory and utilizes a purposive, cross-sectional survey sample; the 

results reflect directional trends instead of being statistically representative of the global 

organizational population. The secondary indices serve as illustrative composites 

designed to depict the directional growth patterns outlined in the literature, rather than 

being based on officially published statistics, and should be understood accordingly. 

Future investigations would gain from employing longitudinal panel data and larger 

populations that are randomly sampled. 

 

IV. Analysis and Discussion 
 

1. Growth Trends in Green-Digital Indicators (2018-2025) 

Figure 1 illustrates the indexed growth trends (2018 = 100) for three distinct indicators. 

The digital climate-technology adoption index exhibits the most pronounced growth 

trajectory, increasing from a baseline of 100 in 2018 to 385 by 2025 representing a 

compound annual growth rate (CAGR) of roughly 21.2%. This rate surpasses the 

growth of renewable energy capacity, which stands at a CAGR of 13.4%, and green-

tech startup funding, which has a CAGR of 10.7%, as detailed in Table 2. 

 
Figure 1: Growth Trends in Green Technology and Digital Climate Solutions (2018 = 

100) 



ICASDGCA 

 
     Ijrtssh.com 

International Journal for Research 

Trends in Social Science & Humanities 
ISSN: 2584-2455, Volume 4, Issue 4 

Aug 2026, PP- 1-9  

 

6 

 

Table 2: Comparative Growth of Key Indicators, 2018-2025 

Indicator 2018 

(Base) 

2021 2025 CAGR 

(2018-25) 

Renewable energy 

capacity index 

100 138 241 13.4% 

Digital climate-tech 

adoption index 

100 178 385 21.2% 

Green-tech startup 

funding index 

100 145 205 10.7% 

 

This trend indicates that digital technologies are progressively serving as a primary 

facilitator of the wider green transition, rather than merely a supplementary aspect. 

Organizations seem to be allocating resources towards data, monitoring, and 

optimization capabilities, even in times when the growth of direct renewable capacity 

or funding experiences a slowdown, as evidenced by the funding decline observed 

around 2020. 

 

2. Sector-wise Adoption of Digital Climate Solutions 

Figure 2 disaggregates adoption levels across four digital technology categories and six 

sectors, based on the primary survey (N = 240). 

 

 
Figure 2: Sector-wise Adoption of Digital Climate Solutions (% of Organisations 

Reporting Active Use) 

  

The Energy & Utilities sector exhibits the highest levels of adoption for AI and 

predictive analytics at 78%, alongside IoT sensor networks at 71%. This trend aligns 

with existing literature that highlights the importance of modernizing smart grids. In 

contrast, the Financial Services sector demonstrates the most significant relative 
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adoption of blockchain-based tracking at 38%, which is indicative of its early 

implementation in verifying green bonds and tracing carbon credits. However, its 

adoption of IoT technology is relatively low at 18%, a situation that can be attributed 

to the sector's limited requirements for monitoring physical assets. Both Manufacturing 

and Urban Planning sectors show a balanced approach to the adoption of AI, IoT, and 

cloud platforms, while Agriculture is experiencing a moderate yet increasing 

integration of IoT-driven precision farming technologies. 

 

3. Barriers to Adoption 

Figure 3 presents survey respondents' perceived barriers to adopting digital green 

technologies. 

 

 
Figure 3: Perceived Barriers to Adopting Digital Green Technologies 

  

The primary barriers identified include high initial costs (64%) and a shortage of skilled 

talent (52%), which resonate with previous studies highlighting the capital-intensive 

nature of these technologies and the global deficit in green-digital expertise. Issues 

related to data and interoperability (47%) underscore the ongoing fragmentation of 

sustainability data standards across various sectors, while regulatory uncertainty (39%) 

is particularly significant for applications utilizing blockchain technology. Although 

cybersecurity concerns (29%) rank the lowest among the barriers, they are recognized 

as an increasingly important issue as IoT sensor networks broaden the digital attack 

surface of critical infrastructure. 

 

4. Synthesis of Findings 

Overall, the analysis indicates that the transition towards a green-digital framework is 

progressing at an uneven pace: the adoption of digital technologies is advancing more 

rapidly than the growth of physical green infrastructure, with a concentration in sectors 

that possess established data ecosystems such as energy, transport, and urban planning. 

This transition is hindered more by challenges related to cost, talent, and data 

governance than by the availability of technology. This observation reinforces the 
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conceptual framework presented in Section 1.2, which posits that digital innovation 

serves as a vital facilitator and accelerator of climate action, although its advantages are 

not yet uniformly distributed across different sectors or organizational sizes. 

 

Suggestions and Recommendations 

For Policymakers 

 Implement specific fiscal incentives, such as tax credits and subsidized financing, 

to decrease the initial cost obstacles faced by small and medium enterprises in 

adopting digital green technologies. 

 Create standardized data interoperability protocols for sustainability and emissions 

reporting to minimize fragmentation across various sectors and jurisdictions. 

 Formulate more transparent regulatory frameworks for blockchain-enabled carbon 

markets and renewable energy certificate trading to enhance market confidence. 

 Allocate resources to public-private initiatives focused on digital-green skills 

development to tackle the talent shortage recognized as a significant barrier. 

 

For Enterprises and Technology Developers 

 Focus on the development of interoperable and modular digital platforms that 

facilitate the integration of AI, IoT, and cloud technologies without necessitating 

expensive infrastructure renovations. 

 Implement strategies in phases, starting with interventions that are high-impact yet 

low-cost, such as energy monitoring through IoT, before progressing to more 

capital-intensive systems. 

 Perform assessments of the net impact of digital tools to ensure that the energy 

consumption associated with AI and blockchain technologies does not negate their 

sustainability benefits. 

 Proactively enhance cybersecurity frameworks in anticipation of the expansion of 

IoT and smart-grid technologies, rather than responding reactively after incidents 

have occurred. 

 

For Future Research 

 Implement longitudinal research that monitors the same organizations over several 

years to determine causal links between digital adoption and quantifiable 

reductions in emissions. 

 Broaden the diversity of the sample to encompass small and micro-enterprises, as 

well as organizations in low- and middle-income countries, where patterns of 

adoption may vary considerably. 

 Create standardized metrics to assess the 'net climate benefit' of digital 

technologies, taking into consideration both the efficiency improvements and the 

resource footprint of the technologies themselves. 

 

V. Conclusion 
 

The integration of green technology with digital innovation stands as one of the most 

promising avenues for achieving effective and scalable climate action. This research 

has demonstrated that the adoption of digital climate technologies is advancing at a rate 

that surpasses both the growth of renewable energy capacity and investments in green 

technology alone, thereby establishing digital tools as essential accelerators rather than 
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mere supplementary elements in the broader sustainability transition. A sector-specific 

analysis indicates that the most significant advancements in adoption are occurring 

within data-intensive industries such as energy, transportation, and urban planning, 

whereas blockchain applications are still relatively underdeveloped across all sectors 

examined. Ongoing challenges such as costs, shortages of skilled talent, data 

fragmentation, and regulatory uncertainties suggest that the speed and fairness of this 

transition will largely rely on the coordinated efforts of policymakers, businesses, and 

technology developers. As the urgency of climate issues escalates, the 'green-digital 

nexus' introduced in this study provides a valuable conceptual framework for guiding 

future research, investment, and policy formulation aimed at fostering a more resilient, 

low-carbon, and digitally empowered future. 
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