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ABSTRACT

This study examines the adoption of artificial intelligence (Al) and blockchain technology
across multiple industries along with their impact on sustainability and performance
improvement. Al Adoption Rate vs Sustainability Score scatter plot shows a strong positive
correlation, indicating that firms with higher Al adoption rates achieve better sustainability
outcomes, with adoption rates ranging from 50% to 110% and sustainability scores ranging
from 5 to 10. Al and Blockchain Adoption by Industry bar chart reveals that Al adoption is
highest in the technology sector (81.3%), followed by finance (69.7%) and healthcare (64.8%),
whereas blockchain adoption lags, particularly in retail (35.3%) and manufacturing (41.1%).
The Diversity of Al & Blockchain Adoption chart illustrates that the technology sector has the
highest combined adoption rate (80% Al and 60% blockchain), while the retail sector shows
the lowest diversity, with only 50% of firms adopting either technology. The heatmap
demonstrates weak to moderate correlations between Al and blockchain adoption and
sustainability or performance improvements, with Al adoption showing a slight negative
correlation with sustainability improvement (-0.096) and performance improvement (-0.043).
These results suggest that while Al adoption is correlated with improved sustainability, both
Al and blockchain technologies may require more time and integration to show significant
improvements in performance metrics. Future studies should focus on how complementary
strategies can enhance the long-term impact of these technologies on business sustainability
and overall performance.

Keywords: Artificial Intelligence, Blockchain Technology, Sustainable Business, Industry
Analysis

INTRODUCTION

Sustainability has become a core priority for organizations across industries in the rapidly
evolving business landscape. Businesses are increasingly turning to technological innovations
to meet sustainability goals as concerns about environmental impacts, resource depletion, and
corporate social responsibility continue to rise. Among the technologies spearheading this
transformation, artificial intelligence (Al) and blockchain stand out as two of the most
disruptive and promising tools for enhancing operational efficiency, reducing waste, and
fostering transparency in supply chains (Smith, 2022; Brown & Taylor, 2023). Artificial
intelligence (Al) is revolutionizing the way businesses operate by providing sophisticated data
analytics, decision-making capabilities, and automation which has the capacity to process
numerous data that enables firms to optimize processes, reduce inefficiencies, and enhance
decision-making across departments, from supply chain management to customer service (Ford
et al., 2023). Al-driven analytics can also play a critical role in sustainability efforts,
particularly by enabling real-time monitoring of resource use, emissions, and waste reduction
efforts (Williams, 2021). For example, Al-powered solutions in the manufacturing sector can
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optimize energy consumption by predicting and minimizing excess resource use, thereby
reducing carbon footprints (Jones & Lee, 2021).

Similarly, blockchain technology offers transformative potential, particularly in fostering
transparency and trust in business transactions. Originally developed as the underlying
technology for cryptocurrencies like Bitcoin, blockchain has found new applications across
various industries. In particular, its decentralized and immutable ledger system ensures data
integrity and enhances traceability in supply chains (Patel, 2022). This has profound
implications for sustainable business practices, especially in industries such as retail,
manufacturing, and agriculture, where ethical sourcing and transparency are increasingly
important to consumers and regulators (Brown & Taylor, 2023). However, the convergence of
Al and blockchain technologies represents a powerful solution for addressing the complexities
of modern sustainability challenges. When used together, these technologies can enhance
operational efficiencies and create robust systems for monitoring, verifying, and reporting on
sustainability efforts (Ford et al., 2023). A practical example of this is in the food industry,
where companies like Walmart are using blockchain to track the provenance of food products
from farm to table, ensuring that sustainability standards are met throughout the supply chain
(Patel, 2022). Despite the clear advantages, the adoption of Al and blockchain for sustainability
is not without challenges. The high costs of implementation, the need for technical expertise,
and regulatory uncertainties are significant barriers for many organizations (Smith, 2022).
However, as the global business environment continues to prioritize sustainability and as the
technologies become more accessible, their adoption is expected to grow (Chen et al., 2023).
The study presents a cross-industry analysis of how Al and blockchain technologies are being
leveraged for sustainable business practices. This study explores the adoption patterns of these
technologies and their impacts on sustainability performance by examining various sectors
such as healthcare, finance, retail, and manufacturing. The goal is to provide insights into how
businesses can harness Al and blockchain not just for operational improvements but as critical
tools in their sustainability strategies.

RESEARCH METHODOLOGY

Research Design

This study utilizes a cross-sectional, mixed-methods approach to investigate the
relationship between artificial intelligence (Al) and blockchain adoption with their impact on
sustainable business practices. The design combines both quantitative and qualitative methods
to ensure a comprehensive understanding of how businesses in diverse sectors such as
healthcare, finance, retail, manufacturing, and technology are leveraging these technologies.
The mixed-methods approach allows for a detailed exploration of adoption patterns and their
outcomes on operational efficiency, sustainability, and transparency (Creswell, 2014). This
design is appropriate as it enables the examination of real-world applications of Al and
blockchain technology in promoting sustainable practices across industries (Tashakkori &
Teddlie, 2010).

Data Collection

The data for this study includes 100 firms from five key industries: healthcare, finance,
retail, manufacturing, and technology. These industries were selected based on their varying
levels of Al and blockchain adoption and their distinct challenges in achieving sustainability.
Firms were selected using purposive sampling to ensure a representation of organizations that
have implemented either Al, blockchain, or both, with a particular focus on those that have
made sustainability a business priority (Palinkas et al., 2015). The data collected comprises
both primary and secondary sources. Primary data were gathered through structured surveys
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administered to senior executives and managers responsible for technology implementation
within their organizations. The survey focused on their experiences with Al and blockchain
technologies, and the perceived impact on sustainability initiatives and operational
performance. Secondary data were sourced from industry reports, case studies, and academic
literature to provide a broader context and support for the analysis (Smith et al., 2021).

Survey Instrument

The survey used in this study was structured to capture detailed information on Al and
blockchain adoption and its impact on sustainable practices. The demographics data on the
firm’s industry, size, and years of operation are important for understanding the context in
which Al and blockchain technologies are adopted and how they influence sustainability efforts
(Hair et al., 2019). Respondents were asked to indicate whether their firm had adopted Al,
blockchain, or both. Questions also probed the level of implementation (e.g., pilot stage, full
integration), the primary purposes for adopting these technologies (e.g., automation, data
security, resource management), and the expected benefits (Brown & Taylor, 2023). To
measure the extent to which Al and blockchain technologies contributed to sustainability, this
section asked firms to rate their practices on a Likert scale, focusing on key metrics such as
energy efficiency, waste reduction, resource optimization, and transparency in the supply chain
(Williams, 2021). Respondents were also asked to identify specific Al and blockchain
applications that supported these sustainability efforts. Finally, the firms were asked to evaluate
how Al and blockchain adoption affected their overall business performance, with particular
emphasis on operational efficiency, cost savings, and competitiveness. Questions assessed both
financial and non-financial impacts of adopting these technologies (Chen et al., 2023).

Data Validity and Reliability

The survey was pre-tested with a small group of technology experts and business
executives, and adjustments were made to clarify any ambiguous questions to ensure validity
and reliability. The survey’s internal consistency was verified using Cronbach’s alpha, with a
threshold of 0.7 being considered acceptable for the variables measured (Tavakol & Dennick,
2011). Additionally, triangulation was employed by cross-referencing survey responses with
secondary data sources to ensure the accuracy of the findings (Denzin, 2017).

Data Analysis

The quantitative data collected from the survey were analyzed using descriptive and
inferential statistical techniques. Descriptive statistics such as means, standard deviations, and
percentages were calculated to summarize the characteristics of the sample and the extent of
Al and blockchain adoption. For inferential analysis, Pearson’s correlation coefficient was used
to examine the relationship between Al and blockchain adoption and sustainability
performance (Field, 2018).

Regression analysis was also employed to assess the impact of Al and blockchain on
business performance, with sustainability practices serving as a mediator variable (Baron &
Kenny, 1986). The regression model allowed for the identification of key predictors of
performance improvement, controlling for firm size, industry, and years of operation.
Qualitative data from open-ended survey questions were coded thematically to capture
common trends in Al and blockchain usage for sustainability, providing a richer context for
the quantitative results (Braun & Clarke, 2006).
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RESULTS AND DISCUSSION

Al Adoption Rate and Sustainability in Business

Al Adoption Rate (%) represents the extent to which firms in various industries have
implemented Al technologies in their operations, whereas sustainability score is a composite
measure of how well firms are performing in terms of sustainable practices, such as energy
efficiency, resource optimization, waste reduction, and environmental impact. The scatter plot
illustrates the relationship between Al adoption rate (%) on the x-axis and the sustainability
score on the y-axis. Each dot represents a firm's Al adoption rate and its corresponding
sustainability score. The red regression line suggests a positive correlation between Al adoption
and sustainability, with firms that adopt Al at higher rates generally showing better
sustainability performance (Figure 1).

The regression line shows a clear upward trend, suggesting that higher Al adoption rates
correlate with higher sustainability scores. The confidence interval around the regression line
(shaded area) indicates that the relationship is statistically significant across the dataset. Firms
with higher Al adoption rates tend to achieve higher sustainability scores. Our study suggests
that Al contributes significantly to optimizing resource usage, reducing carbon footprints, and
improving overall environmental performance. The clear linear relationship implies that
increasing Al adoption could be a strong predictor of improved sustainability performance. The
spread of the data points around the regression line shows that while Al adoption is a key factor,
other variables may also influence sustainability scores, such as the firm's industry, size, or
geographic location (Figure 1).

Al Adoption Rate vs Sustainability Score
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Figure 1: The relationship between Al adoption rate and sustainability scores
From previous studies, Al has a profound impact on enhancing business efficiency and
promoting sustainability in industries with heavy resource consumption (Smith, 2022). In our

results, Al's predictive capabilities and automation of processes like energy management and
waste reduction contribute to better sustainability outcomes. Moreover, Al helps businesses
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track and optimize their sustainability goals by using advanced data analytics (Williams, 2021),
where higher Al adoption corresponds with better sustainability metrics in our study,
supporting the notion that data-driven approaches can help companies reduce waste and
resource usage. Also, Al-enabled automation and real-time monitoring systems are essential in
reducing operational inefficiencies (Ford et al., 2023). In conclusion, our study illustrates how
Al adoption significantly enhances sustainability performance, a finding that is consistent with
prior research on Al's role in resource optimization and environmental sustainability across
industries.

Al and Blockchain Adoption Rates by Industry

Al adoption outpaces blockchain across industries due to its broad application in
decision-making and automation, though blockchain is gaining traction, particularly in finance
and technology, for securing transactions and enhancing transparency in supply chains. The
bar chart presents the Al and Blockchain Adoption Rates across five different industries:
Healthcare, Finance, Retail, Manufacturing, and Technology. The blue bars represent the
percentage of firms within each industry that have adopted Al technology, while the green bars
indicate the percentage of firms that have adopted blockchain technology (Figure 2). Our study
shows that healthcare represented 64.8% of firms have adopted Al, while 45% have adopted
blockchain, 69.7% of firms have adopted Al, and 50% have adopted blockchain in finance, Al
adoption stands at 49.3%, and blockchain adoption is at 35.3% in retail. Also, in the case of
manufacturing, Al adoption was 55.3%, with blockchain adoption at 40%, and highest at
~80%, and ~60% in technology, respectively (Figure 2).

Al and Blockchain Adoption by Industry

[e:]
o

Al Adoption (%)
Blockchain Adoption (%)

Adoption Rate (%)
] w B (6] [=2] ~
(=] o o o o o

-
(=]
T

o

& &
xS & E
& ¢& &

Industry

Figure 2: Al and blockchain adoption rates by industry

Smith (2022) found that Al adoption is more widespread across industries because of its
versatility in optimizing workflows and automating processes, which is reflected in our study.
The technology sector's leadership in Al adoption aligns with the findings and emphasized that
blockchain is gaining traction in industries like finance and technology due to its capacity for
secure and transparent data handling that showing substantial blockchain adoption in these
sectors (Ford et al., 2023; Patel, 2022). And the potentiality of blockchain enhances data
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security and integrity in finance and healthcare (Brown & Taylor, 2023), both of which exhibit
moderate blockchain adoption rates. In summary, this figure reflects the broader industry trends
regarding Al and blockchain adoption, confirming prior research that Al is more prevalent
across industries, while blockchain is gaining traction, particularly in sectors where data
integrity and transparency are critical.

Diversity of Al & Blockchain Adoption Across Industries

This stacked bar chart shows the Diversity of Al & Blockchain Adoption Across
Industries. The green bars represent the percentage of firms within each industry that have
adopted either Al or blockchain technology, while the red bars show the percentage of firms
that have not adopted either of these technologies. The technology sector leads with 80%
adoption, followed closely by finance at 70%. This aligns with the widespread integration of
Al for process optimization and blockchain for data security and transparency, especially in
sectors dealing with complex data ecosystems. With 50% adoption, the retail industry shows a
more balanced split between adoption and non-adoption. This may reflect the slower pace of
digital transformation in retail compared to industries like finance or technology, where data-
driven innovations are critical to competitive advantage. These industries show moderate
adoption rates. In healthcare, Al is used for patient data analysis and diagnostic accuracy, while
blockchain is being explored for secure data sharing. Manufacturing is also integrating Al for
predictive maintenance and blockchain for supply chain transparency (Figure 3).

Ford et al. (2023) emphasized that technology and finance sectors are early adopters of
both Al and blockchain due to the competitive pressures to automate processes and secure
transactions. The figure aligns with their findings, showing that these sectors lead in adopting
advanced technologies. Industries like healthcare and finance are particularly focused on
blockchain adoption for data security, as they handle sensitive personal and financial
information. This supports the observation that adoption rates are substantial in these sectors,
as they prioritize trust and transparency in data handling (Brown & Taylor, 2023).

Diversity of Al & Blockchain Adoption Across Industries
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Figure 3: The diversity of Al & blockchain adoption across industries
The retail and manufacturing sectors are slower in adopting Al and blockchain due to the

high cost and complexity of integration. The balanced adoption in the retail sector and the
moderate adoption in manufacturing reflect this lag, as these sectors often face challenges in
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implementing new technologies across large and diverse operations (Williams, 2021). In this
study, the varying degrees of Al and blockchain adoption across industries, with technology
and finance leading the way, while retail and manufacturing exhibit more moderate levels of
adoption. These trends align with existing research on the drivers and barriers to digital
transformation in different sectors.

The Correlation between Al Adoption and Sustainability Improvement

The heatmap shows the correlations between four key variables: Al Adoption,
Blockchain Adoption, Sustainability Improvement, and Performance Improvement. The color
gradient from blue to red represents the strength and direction of the correlations (1.00
represents a perfect positive correlation; -1.00 represents a perfect negative correlation; 0.00
represents no correlation). The correlation is close to zero (-0.0034), indicating that there is no
significant relationship between adopting Al and blockchain technologies. Firms may adopt
these technologies independently based on different operational needs. The correlation
between Al adoption and sustainability improvement is weakly negative (-0.096), suggesting
a minor inverse relationship. This could indicate that some firms adopting Al are not seeing
direct sustainability gains, possibly due to their initial focus on other operational areas such as
efficiency or automation. A weak negative correlation (-0.15) exists between blockchain
adoption and sustainability improvement. This suggests that while blockchain is important for
transparency and security, it may not directly influence sustainability metrics in the short term.
Both Al (-0.043) and blockchain (-0.21) adoption show weak to moderate negative correlations
with performance improvement. This could suggest that while these technologies may require
time and resources to implement, immediate performance gains may not always be realized.
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Figure 4: The correlation between Al adoption and sustainability

From previous studies, Smith (2022) noted that Al adoption leads to substantial long-
term performance improvements, especially through automation and data-driven decision-
making. However, this heatmap suggests that the immediate benefits may not be seen, which
aligns with studies that highlight the learning curve associated with implementing advanced
technologies like Al.
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Blockchain's immediate impacts are most noticeable in terms of data security and
transparency, rather than direct performance improvements or sustainability outcomes. The
weak negative correlation here reflects that while blockchain may not immediately enhance
performance or sustainability, its indirect benefits could emerge over time as systems become
more integrated (Brown & Taylor, 2023). Williams (2021) identified a strong relationship
between Al and sustainability in certain sectors like energy and agriculture. The weak
correlations observed in this heatmap could indicate that in other industries, Al's impact on
sustainability might take longer to manifest or may require complementary efforts like
organizational change to achieve substantial improvements. In our study, the heatmap suggests
that while both Al and blockchain technologies are important innovations, their direct impact
on sustainability and performance may take time to materialize. These findings align with
research indicating that initial adoption often focuses on solving operational issues, and the
broader sustainability and performance benefits come after integration and optimization
periods.

CHALLENGES FOR SUSTAINABLE BUSINESS PRACTICES

Despite the promise of Al and blockchain technology to revolutionize sustainable
business practices, several challenges impede their widespread adoption and efficacy across
industries. These challenges span technological, ethical, and organizational domains, making
it crucial for businesses and researchers to address them to fully realize the potential of these
emerging technologies. One of the primary challenges is the high cost of implementing Al and
blockchain systems. Al requires substantial investment in infrastructure, including high-
performance computing resources, data storage, and skilled personnel. Similarly, blockchain
systems, particularly Proof of Work (PoW) consensus mechanisms, are energy-intensive and
require significant computational resources, which increase operational costs (Koens & Poll,
2018). These financial barriers often prevent smaller businesses from adopting these
technologies. Both Al and blockchain rely heavily on data for their operations, raising concerns
about data privacy and security (Aziz et al., 2023). Al systems, especially those used in
healthcare and finance, process large amounts of sensitive data, which, if not properly
safeguarded, can result in privacy violations and breaches. Meanwhile, blockchain technology,
while decentralized and secure, can face challenges in terms of scalability and managing
private information on public ledgers (Zheng et al., 2018; Noman et al., 202; Rahaman et al.,
2023). Ensuring compliance with data protection regulations, such as GDPR, adds complexity
to the implementation of these technologies.

Moreover, the rapid adoption of Al and blockchain raises ethical questions regarding
transparency, accountability, and fairness. In Al, algorithmic bias is a known issue that can
result in unfair treatment or discrimination, particularly in sectors like hiring, lending, and law
enforcement (Provost & Fawcett, 2013). Blockchain technology, on the other hand, faces
regulatory uncertainty, as governments struggle to define clear frameworks for its use in areas
like cryptocurrencies, smart contracts, and cross-border transactions (Cao, 2017). Another
challenge lies in the integration of Al and blockchain with existing business processes and
legacy systems. Most businesses operate with a variety of legacy systems that are not easily
compatible with Al and blockchain technologies. This results in operational inefficiencies, as
firms must invest additional resources in reconfiguring their systems or developing
interoperable frameworks (Delen & Zolbanin, 2018; Islam et al., 2023). Overcoming these
challenges will require concerted efforts from businesses, policymakers, and researchers. By
addressing these barriers, organizations can unlock the full potential of Al and blockchain in
fostering sustainable and ethical business practices.
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FUTURE DIRECTIONS

As industries continue to evolve with the rapid adoption of digital technologies, the
integration of Al and blockchain into sustainable business practices will play a pivotal role in
shaping the future of various sectors. This study highlights the initial stages of Al and
blockchain adoption and their current impact on sustainability and performance metrics.
However, several potential areas remain for future research and development to maximize the
benefits of these technologies in fostering sustainable business practices. Future studies should
explore how Al can further optimize sustainability efforts by integrating with real-time data
from Internet of Things (10T) devices. Al's capability to process large volumes of data in real-
time can be leveraged to monitor energy consumption, reduce carbon emissions, and optimize
resource allocation in manufacturing, logistics, and retail industries. As Al algorithms become
more advanced, industries can move toward predictive and prescriptive analytics, allowing for
not just monitoring but also forecasting and automating sustainability practices (Provost &
Fawcett, 2013). Blockchain technology offers significant potential to improve transparency and
accountability in supply chains, particularly in industries such as food, fashion, and electronics,
where ethical sourcing and environmental sustainability are paramount. Future research should
investigate the implementation of blockchain-based smart contracts that can automate
sustainability audits, track materials across the supply chain, and ensure compliance with
environmental regulations. Integrating blockchain with Al can further improve the precision of
tracking systems, enabling real-time updates and more robust fraud prevention (Zheng et al.,
2018).

Furthermore, one of the key future directions involves the interoperability of Al and
blockchain technologies. Integrating Al's decision-making capabilities with blockchain’s
secure and decentralized data-sharing framework could yield significant advancements in
industries like healthcare, finance, and energy. For instance, Al can analyze large datasets
stored on decentralized blockchain networks to improve predictive maintenance in energy grids
or financial risk assessments in banking (Cao, 2017). Future research could focus on creating
frameworks for secure and scalable Al-blockchain integration, ensuring the seamless flow of
data between decentralized networks and Al-driven applications. As Al and blockchain
technologies become more entrenched in industries, policymakers and business leaders must
address the ethical implications of data privacy, automation, and the environmental impact of
blockchain mining. Future research should explore regulatory frameworks that promote the
sustainable use of blockchain technology, particularly focusing on energy-efficient consensus
mechanisms, such as Proof of Stake (PoS) rather than energy-intensive Proof of Work (PoW)
(Koens & Poll, 2018). Moreover, ethical Al frameworks must be developed to ensure
transparency, fairness, and accountability in Al decision-making systems, particularly in
industries were Al impacts customer behaviors and employee management. While the short-
term impacts of Al and blockchain on sustainability and performance metrics have been
explored, future research should focus on their long-term effects. Studies should investigate
how sustained Al and blockchain adoption can lead to business resilience, improved customer
satisfaction, and long-term financial performance, especially in industries that prioritize
sustainability as a core business value. Additionally, future research can explore the role of
hybrid models that combine Al, blockchain, and other emerging technologies like quantum
computing to drive exponential improvements in business operations and sustainability (Delen
& Zolbanin, 2018).
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CONCLUSION

This study demonstrates the significant, yet varied, impact of Al and blockchain adoption
on business sustainability and performance across industries. While Al has been widely
adopted for its capacity to improve decision-making, automate processes, and optimize
resource use, its immediate influence on sustainability and performance metrics is less direct
in some industries. The findings suggest that the adoption of Al and blockchain technologies
is largely driven by different operational needs, as evidenced by the weak correlation between
their adoption rates. However, blockchain, which is widely recognized for enhancing data
security and transparency, also faces challenges in demonstrating immediate performance and
sustainability improvements. The weak negative correlation between blockchain adoption and
these metrics suggests that while blockchain can improve supply chain visibility and
transaction security, its broader business impact may take time to materialize. This aligns with
previous research that emphasizes the long-term benefits of blockchain, particularly in
industries like finance and healthcare, where data integrity and regulatory compliance are
critical. The correlation analysis highlights that although Al and blockchain are
transformational technologies, firms may not experience immediate gains in performance or
sustainability. This could be due to the steep learning curves and resource investments required
to fully integrate these technologies. Companies in industries like technology and finance are
leading in adoption, suggesting that sectors with high data intensity and automation needs are
the first to realize these benefits. Thus, Al and blockchain offer substantial potential for
enhancing sustainability and performance, but their full impact may only be realized in the long
term. Companies adopting these technologies must remain patient as they navigate the
complexities of implementation. Future studies should explore how complementary strategies,
such as organizational change and training, can accelerate the positive effects of these
technologies on business performance and sustainability outcomes.
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